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PEEFACE  TO  THE  SECOND  EDITION. 


This  edition,  although  greatly  altered  from  the  first,  will  be  found 
to  be  similar  in  its  objects  and  scope.  In  the  preface  to  the  first 
edition,  issued  in  1883,  in  referring  to  the  scope  of  the  work,  I 
stated  that  "  the  whole  aim  of  Pathological  Anatomy  is  to  elucidate 
the  actual  vital  processes  of  disease,  and  it  has  been  felt  by  the 
author  in  lecturing  on  Pathology,  that  the  subject  gains  in  interest 
and  intelligibility  when  the  Etiology,  Anatomy,  and  General  Pathology 
are  all  taken  into  account  in  forming  a  general  conception  of  each 
morbid  condition."  The  work,  therefore,  is  not  merely  a  treatise  on 
Morbid  Anatomy,  but  aims  at  the  elucidation  of  Morbid  Processes, 
on  the  basis  of  Experimental  Pathology,  Pathological  Anatomy 
and  Histology,  and  Clinical  Observation. 

While  the  objects  and  scope  remain  the  same,  I  have  found  it 
necessary  to  make  so  many  alterations  and  additions  that  the 
book  has  been  almost  entirely  rewritten.  Although  not  really 
more  systematic,  the  arrangement  is,  in  this  edition,  rendered  more 
obvious  to  the  eye  by  the  adoption  of  prominent  numbered  head- 
ings which  are  intended  to  make  the  work  more  easy  of  reference, 
and  also  to  aid  the  student  in  a  systematic  perusal.  The  summaries 
of  contents  introduced  at  the  heads  of  the  sections  have  a  similar 
object. 

The  additions  have  been  considerable  in  both  the  text  and  the  illus- 
trations.   In  the  General  Part  three  new  sections  have  been  added, 


yj^j  PUKFAGE. 


riamely-Section  I.  Nature,  Causation,  and  Terminations  of  Disease;. 
Section  II.  Teratology;  and  Section  XII.  Fever,  while  in  the 
Special  Part  there  are  two  additional  sections-V.  The  Thymus 
and  the  Thyroid,  and  XI.  The  Eye  and  the  Ear.  The  new  illustrations 
number  over  70,  nearly  all  of  them  prepared  from  my  own  specimens. 
I  have  also  introduced  brief  notices  of  the  Literature  which  are 
intended  to  guide  the  student  in  following  out  any  particular 
subject.  NotAvithstanding  these  additions  the  number  of  pages 
is  not  greatly  increased. 

In  the  preparation  of  the  section  on  the  Eye  and  the  Ear  I  have 
been  much  indebted  to  Dr.  Thos.  Eeid  and  Dr.  Thos.  Barr,  who 
revised  the  manuscript  of  this  section.  I  am  further  indebted  to 
Dr.  Barr  for  the  loan  of  the  woodcuts  illustrating  the  diseases  of 
the  Ear.  Dr.  Lindsay  Steven  has  also  Idndly  given  me  the  use 
of  two  cuts. 

I  am  again  under  great  obligation  to  Dr.  Geo.  S.  Middleton  for 
a  very  careful  revisal  of  the  proofs  and  for  many  practical  hints 
on  various  points. 


Glasgow,  August,  1881). 
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PART  FIRST—GENERAL  DISEASES. 
SECTION  I. 

NATTJRE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE  IN  GENERAL. 

Natttre  of  Disease. — Normal  activities  of  tissues  concerned  ivitk  self -pre- 
■  servalion ;  in  disease  their  efficiency  impaired.  Caxtsation  of  Disease. — 
Action  of  external  forces  nearly  always  present,  but  powers  of  resistance  in 
the  tissues  an  important  element.  A.  Influence  of  external  forces:  (1)  direct 
action  of  the  physical  forces,  pioisons  and  morbid  poisons  ;  (2)  indirect  action 
in  prodiLcing-  susceptibility  to  disease.  B,  Influence  of  internal  conditions  ;• 
(1)  congenital  diseases  and  susceptibilities  ;  (2)  influence  of  inheritance,  in  pn-o- 
ducing  racial  and  individual  characteristics,  structural  and  physiological 
abnormalities,  and.  susceptibilities  or  predispositions  to  disease ;  (3)  influence 
of  age  and  aex.  Terminations  of  Disease. — Recovery  implies  vis  medicatrix 
natures.     Death  by  failure  of  respiration  or  of  heart's  action,       -       •  ,1-28 

SECTION  II. 

TERATOLOGY. 
GENERAL  MALFORMATIONS.  MONSTKOSTTIES. 

IXTRODtrcnoN. — Definition  of  terms  and  grouping.  Causation  of  monstrosities. 
I.  Monstrosities  by  exckss,  in  size  or  number.  A.  By  excess  in  size,  giants, 
local  hypertrophies.  B.  By  ercess  in  nuinber — Fission  of  embryo.  I  Com- 
plete fission,  twins,  toith  subsequent  partial  union  (1)  of  xiphoid,  (2)  of  thorax, 
(3)  of  thorax  and  head,  {i)  of  crania,  (H)  of  pelvis.  II.  Abcandal  fission  :  (1) 
head  single,  and  bodies  equal ;  (2)  head  single,  one  body  undeveloped  and 
parasitic  ;  (3)  fls.non  of  pelvis  and,  legs.  J II.  A  bcranial  fission  :  (1)  partial 
fission  of  head — double-face  ;  (2)  complete  division  of  head — dotible-head  ;  (3)  one 
division  undeveloped  and  parasitic  ;  (4)  snpernmnerary  arms.  IV.  Fission  both 
abcandal  and  abcranial.    V.  Double  /is 'inn,  triple  monsters.    VI.  Reduplication 
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ofpartK.  II.  Monstrosities  BY  DEFECT  7/!.  size  or /ormaiiore.  A.  Defect  in 
size— Dwarfs.  B.  Defects  in  formation.  I .  From  imperfect  closure  of  cerebro- 
spinal canal:  (1)  Brain  absent,  Anencephahis  ;  (2)  Brain  displaced— Encepha- 
locele,  Hernia  cerebri  ;  (3)  Brain  defective— Cijclopia  ;  (4)  Verterhral  canal  and 
cord  imperfect— Spina  bifida.  II.  Imperfect  closure  of  visceral  arches  :  {!)  facial 
clefts:  (2)  congenital  fistula  of  neck;  (3)  defective  closure  of  thorax  ;  (4)  of 
abdomen.  III.  Defect  of  orifices  and  canals.  IV.  Absence  or  defect  of  extremi- 
ties.     III.  Aberrant  monstrosities,  chiefly  transposition  of  viscera,  29-52 


SECTION  III. 

AFFECTIONS  OF  TEE  CIKCULATION  AND  DISTRIBUTION  OF  THE 

BLOOD. 

Physiology  of  the  CiRcnLATiON.  —  Innervation  of  Arteries,  etc.  Local 
Hyperemia. — /.  Active  hyper cemia  ;  caused  chiefly  by  dilatation  of  arteries  ; 
phenomena.  II.  Passive  hyperemia  ;  caused  chiefly  by  weakness  of  heart  or 
venous  obstruction.  Phenomena,  including  diapcdesis,,  oedema,  etc.  Local 
Anosmia  or  Ischemia  ;  chiefly  from  obstruction  of  arteries.  Thrombosis  and 
Embolism. — /.  Thrombosis.  Coagulation  of  the  blood.  The  process  of  throm- 
bosis shown  by  experiment;  characters  and  forms  of  thrombi.  Causation,  from 
stagnation  of  blood  ;  from  alteration  of  wall.  Growth  of  thrombi.  (Absence  of 
thrombosis  from  capillaries.)  Changes  in  thrombi,  chiefly  softening  and  organiz- 
ation. Results  of  thrombosis.  II.  Embolism,  Causation,  chiefly  by  thrombosis. 
Phenomena,  when  anastomosis  free  are  trivial;  when  anastomosis  imperfect 
(End  arteries)  frequently  the  hcemori-hagic  infarction;  various  occurrence  of 
engorgement  of  vessels,  hcemorrhage  and  necrosis  ;  disposal  of  infarction.  Special 
forms  of  embolism,  malignant  tumours,  fat,  air,  and  infective.  Haemorrhage  ; 
by  rupture  or  by  diapedesis  ;  causation  various  ;  stilling  of  hemorrhage  ;  seats  of 
effusion  and  disposal  of  the  blood.  (Edema  and  Dropsy,  depend  on  the 
lymphatic  circulation.  Causation  and  nature  of  process  ;  rarely  from  lymphatic 
obstruction  ;  usually  from  passive  hypercemia  ;  hydrcemia  and  hydrmmic  plethora 
as  causes,  especially  in  Bright' s  disease  ;  nervous  influences  in  causation.  Position 
and  character  of  exudation,  53-91 


SECTION  IV. 

ALTERATIONS  OF  THE  BLOOD  AND  ITS  CONSTITUENTS. 

General  Hyperemia,  Plethora;  produced  artificially  by  Transfusion;  Plethora 
as  a  pathological  condition.  General  Anemia,  Spanoimia ;  Causation; 
haemorrhage,  hmmoglobinuria.  Character  of  lesion  ;  inoligoemia;  in  pernicious 
ancemia  ;  in  chlorosis  ;  in  secondary  ancemias.  Secondary  changes  in  anwmtas. 
Leukemia,  Causation  obscure;  changes  in  blood;  spleen;  bone-marrow; 
lymphatic  glands ;  and  in  liver,  kidneys,  etc.  Abnormal  constituents  in 
THE  blood.  (1)  Melaiuvmia ;  pigment  in  blood  and  organs;  (2)  Lipaimia; 
fat  in  blood,  chiefly  in  diabetes;  (3)  Uraemia;  (4)  Diabetes  mellitus,  arising 
from  conversion  of  glycogen  into  sugar;  relation  between  food  and  sugar  pro- 
duction; experimental  production  of  glycosuria;  relation  to  lesions  of  pancreas 
and  semilunar  ganglion,  92-1 14 
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SECTION  V. 

INFLAJIMATION. 

Etiology.  Produced  by  irritants,  whose  character  is  to  injure  the  tissues;  in- 
fluences of  nervous  si/stem,  etc.  ;  mode  of  entrance  of  irritants.  I.  Principal 
PHENOMENA,  exhibited  in  an  experiment;  (1)  State  of  vessels — {contraction  not 
essential)  dilatation  with  active  hypercemia,  followed  by  retardation  ;  explanation 
of  these  ;  pavementing  of  veins.  Increase  of  temperature,  not  due  to  heat  pro- 
duction but  to  excess  of  blood.  II.  The  inflammatory  exudation.  (1)  the 
serous  and  (2)  the  fibrinous  exudation,  (3)  exudation  of  white  corpuscles  by 
emigration  and  red  by  diapedesis,  (4)  cells  from  other  sources,  (5)  the  purulent 
emulation;  suppuration  due  to  x>yogenic  microbes  ;  the  abscess  ;  {croupous  and 
diphtheritic  exudations).  III.  Changes  in  the  tissues.  (1)  Parenchymatous 
changes  ;  (2)  Newformation  of  tissue,  chiefly  after  the  type  of  the  gramilatin;/ 
wound  ;  the  formative  cells  and  their  origin  ;  newformation  of  blood-vessels  and 
of  epithelium;  newformation  around  foreign  bodies.  IV.  The  issues  or- 
inflammation.    V.  The  forms  of  inflammation,      -       -       -  115-142 


SECTION  VI. 

KETEOGRADE  CHANGES. 

Necrosis  caused  by  direct  injury,  by  obstruction  of  arteries,  spasm  of  arteries, 
obstruction  of  veins,  nervous  influences,  assisted  by  weakness  of  the  heart.  Form  t 
of  necrosis  determined  chiefly  by  inflammation  and  putrefactive  changes. 
Various  forms  of  gangrene ;  coagulation-necrosis  and  caseation.  Issues  of 
necrosis.  Simple  atrophy,  its  physiological  type-,  General  and  local  atrophy. 
Albuminous  infiltration,  also  in  general  and  local  forms.  Fatty  degen- 
eration, a  transformation  of  nitrogenous  principles;  General  and  local  forms; 
Character  of  lesion  and  results.  Fatty  infiltration,  in  connective  tissue ;  in 
the  liver.  Pathological  ^igmwiaiios— Origin  of  ingment.  Alterations  of 
physiological  pigmentation  ;  pigmentation  from  inflammation  and  haemorrhage, 
melanoimia ;  icterus,  hepatogenous  and  hematogenous ;  pigmentation  in 
tumours  and  from  without;  pigmentary  atrophy.  Amyloid  degeneration— 
Causation  and  nature  of  process  :  changes  in  tissues  and  seat  ;  local  amyloid 
degeneration  ;  corpora  amylacea.  Mucous,  colloid,  and  hyaline  degen- 
erations. Calcareous  infiltration,  m,ainly  in  dead  or  obsolete  structures  ; 
characters  and  effects,     -       -  ]  43-1 74 


SECTION  VII. 

NEWFORMATION. 
HYPERTROPHY,  REPAIR,  REGENERATION,  TRANSPLANTATION. 


Newformation  of  Tissue  by  Karyomitosis.    Genesis  of  newformations,  from  indif- 
ferent cells;  Metaplasia.    Hypertrophy,  com/jarcd  xoilh  normal  growth;  (1) 
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HypertropJi^j  from  congenital  proclivity  ;  (2)  compensatory;  {Z)  from  increased 
Mood-supply;  (4)  from  direct  stimulation;  (5)  from  friction.  Eepaie  of  In- 
J0BIES,  limited  powers  of  restoration  in  man;  healinrj  of  icounds.  Regenera- 
tion OF  Tissue,  chiefly  Mood,  epithelium,  and  connective  linsues,  also  nerve  and 
muscle.  Transplantation,  effected  by  experiment  in  animals,  spontaneously  and 

.   175-188 

by  operation  m  man,      .       -       -  - 

SECTION  VIII. 

.  SPECIFIC  NEWFORMATIONS,     INFECTIVE  TUMOURS. 

Newformalions  due  to  specific  morbid  poisons,  which  in  most  have  been  determined. 
Syphilis. — The  primary  lesion,  or  Hunterian  chancre;  affection  of  lymphatic 
glands.  The  secondary  lesion,  the  virus  in  the  blood.  The  tertiary  lesion, 
gummata;  amyloid  disease;  affection  of  arteries.  Hereditary  and  congenital 
syphilis.  TuBERCDLOSis. — Causation;  the  bacillus;  tubercidosis  by  inoculation  ; 
contagiousness;  inheritance.  Character  of  the  lesion;  the  miliary  tubercle,  how 
produced;  caseous  necrosis ;  fibrous  transformation;  softening  and  ulceration. 
Local  tubercidosis;  mode  of  access  of  bacillus;  extension  of  local  process,  by 
lymphatics  and  along  surfaces.  Effects  of  local  tuberculosis,  emaciation,  fever,  etc. 
General  tuberculosis,  chronic  and  acute.  Tuberculosis  in  animals.  Leprosy, 
the  bacillus;  character  of  lesions  in  tubercular  and  anesthetic  forms.  Glan- 
ders ;  causation  and  character  of  lesion.  Elephantiasis  ;  causation  from 
unJcnown  morbid  poison;  character  of  lesion.  Actinomycosis;  causation; 
character  of  lesion  and  locality.  Malignant  Lymphoma  or  Hodgkin's  disease; 
character  of  lesion,  1S9-2IS 

SECTION  IX. 

TUJIOUES  OR  MORBID  GROWTHS. 

Definition.  Structure,  typical  or  atijpical.  Causation,  Cohnheim's  theory  of 
origin;  inheritance;  effect  of  injuries,  etc.;  parasitic  microbes  not  a  cause 
of  tumours  proper;  infiuence  of  age.  Growth  and  Extension,  typical  or. 
atypical;  local  malignancy;  metastasis  and  generalization  of  tumours;  occasional 
malignancy  of  typical  tumours.  Classification  and  Nomenclature,  219-226 

A.— TYPICAL  OR  HISTIOID  TUMOURS. 

1.  Fibroma,  including  molluscum  fibrosum  or  neuro-fibroma  and  hard  fibroma; 
2.  Lipoma,  diffuse  or  encapsuled,  pendulous;  3.  Myxoma,  characters  of  mucous 
tissue,  hydatid  mole,  proper  tumour,  varieties  of;  4.  Chondroma,  as  ecchondrosis 
or  enchondroma,  the  latter  usually  in  connection  with  bone;  5.  Osteoma,  chiefly 
as  exostosis.  Odontoma;  6.  Myoma,  the  rhabdomyoma  rare,  the  leiomyoma  com- 
mon, structure  and  relations  of  latter;  7.  Neuroma,  the  tnie  neuroma.  Wood's 
painful  subcutaneous  tumour;  8.  Angioma,  capillary,  cavernous,  lymphatic; 
9.  Glioma;  IO.Psammoma;  11.  Lymphoma;  12.  Papilloma ;  13.  Adenoma,  o/ 
various  structure  according  to  gland;  14.  Cystoma,  Cysts  arising  from  pre- 
existing cavities,  including  retention  cysts  ;  and  cysts  of  independent  origin, 
including  dermoid  cysts,  adenoid  cystoma,  extravasation  cysts,  etc.;  15. 
Teratoma,    -      -   227-252 
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B.— ATYPICAL  TUMOURS. 
I.  Sarcoma.  Definition.  Slruchire;  cells,  intercellular  substance,  blood-vessels. 
Place  nf  origin.  Mode  of  growth ;  local  malignancy/ and  metastasis.  Changes 
in  structtire;  indurations,  ossifications,  cystic  formation,  ulceration,  etc.  In- 
dividual forms.  1.  Round-celled,  2.  Spindk-celied,  3.  Giant-celled,  4.  Pig- 
mented, and  5.  Plexiform  sarcomas.  Other  forms  described.  II.  Carcinoma 
OR  Cajs'CER.  Definition,  titructure;  cells,  stroma,  blood-vessels,  lymphatics. 
Origin  ;  from  existing  epithelium,  shown  in  many  cases,  hence  its  localities  where 
epithelium  exists.  Influence  of  age  and  sex.  Growth  and  extension;  frequently 
by  infiltration;  ulceration;  secondary  tumours  in  lymphatic  glands;  generaliza- 
tion by  implantation  of  grafts;  usual  seats  of  .secondary  tumours;  their  large 
size;  their  mimicry  of  primary  tumours.  Retrograde  changes  ;  fatty  degenera- 
tion, chiefly.  The  local  nature  of  cancer.  Individual  forms.  1.  Flat-celled 
epithelioma,  including  Rodent  ulcer,  2.  C //Under- celled  epithelioma,  3.  Soft 
or  medullary  cancer,  4.  Scirrhus,  5.  Colloid  cancer,  6.  Melanotic  cancer,  7. 
Mucous  cancer,  8.  Endothelioma,    -       -   253-276 

SECTION  X. 

VEGETABLE  PARASITES. 

A.  Bacteriology. — I.  General  Considerations.  Definition  and  classification, 
structure  and  mode  of  growth  of  microbes;  cell,  cell-membrane,  spores;  methods 
of  detection.  Conditions  of  life,  as  to  tempierature,  oxygen,  etc.  Action  of  dis- 
infectants. Products  of  bacteria.  Distribution,  Cultivation,  Polymorphism. 
II.  Bacteria  in  relation  to  Disease — 1.  Saprophytes  produce  ptomaines; 
origin  of  wound-fever,  etc.  ;  2.  Pathogenic  forms  produce  local  infection  or  may 
enter  blood ;  lead  to  necrosis  and  inflammation;  products  may  enter  blood,  or 
themselves.  III.  The  Individttal  Forms — A.  Some  sap7'ophytic  forms;  B. 
pathogenic  forms — 1.  Micrococci,  2.  Bacilli  and  spirilla,  3.  Bacteria  of  specific 
newformations,  4.  Some  forms  in  animals.  IV.  Disposal  of  Bacteria  ;  Im- 
MtTNiTY;  natural  and  acquired;  vaccination;  causes  of  immunity ;  Phagocytes. 

B.  Parasitic  Fungi.— I.  The  Yeasts.  II.  Filamentous  Fungi— 1.  Sapro- 
phytes and  occasional  parasites;  2.  Pathogenic  fungi,    -       -       -  277-320 

SECTION  XI. 

ANIMAL  PARASITES. 
I.  Entozoa  or  Internal  Parasites,  their  general  characters  and  effects.  1. 
Protozoa.      2.  Trematnda  or  Flukes,  chicfli/  Distoma  hepalicum,  sinense,  and 
hcematobium.  3.  Cestoda  or  tape-worms.    Tumia  solium,  structure  and  develop- 
ment,  Cysticercus  cellulossce,  its  scolex  form.    Tmnia  mediocanellata.  Tcenia 
echinococcus,  forming  hydatids  ;  its  cysts,  brood-capside.s,  heads,  and  chitinous 
membrane.    Bothriocephalus  latus.    Other  rare  tape-worms.    4.  Nematoda  or 
Round-worms.     Trichina  spiralis,  its  embryonic  and  adult  forms ;  effects  of 
migrations.     Ascaris  lumbricoides.     Oxyuris  vermicularis.  Trichocephalus 
dispar.     Dochmius  duodenalis.    Filaria  medincnsis.    Filaria  sanguinis,  its 
periodicity  in  the  blood ;  relation  to  chylous  nrine,  and  lymph-scrotum.  II. 
Epizoa  or  External  Parasites.    1.  A rachnidce,  chiefly  Acariis  scalmiand 
Pentaslomum  denticidatum.    2.  Insecla,  chiefly  Pediculi  and  Pvlex  irritans. 
Larvce  of  insects  imuounds,  skin,  and  bowels,   321-347 
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SECTION  XII. 

PYREXIA— PEVER. 

Normal  Tempeeatube,  resulting  from  balance  of  prodtiction  and  discharge  of  heat, 
regulated  by  a  calorific  centre  in  the  brain.  Limitations  of  power  of  regulalion 
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T)ATHOLOGY  is  the  scientific  study  of  disease.  The  term  Disease, 
which  strictly  means  nothing  more  than  discomfort,  has  reference 
primarily  to  the  subjective  sensations  of  the  person  affected,  but  as 
these  feelings  have  an  objective  basis,  and  as  it  is  possible  to  distinguish 
various  groups  of  phenomena  each  with  its  own  mode  of  divergence 
from  the  healthy  conditions,  the  term  diseases  has  come  to  be  ajiplied 
to  these  groups  of  phenomena.  It  might  perhaps  be  more  correct  to 
call  them  morbid  conditions,  but  the  more  familiar  word  has  obtained 
the  authority  of  general  use. 

In  Pathology  we  aim  at  getting  close  to  the  various  diseases,  so  as  to 
study  their  essential  nature.  It  is  a  scientific  study,  and  it  is  pursued 
by  scientific  methods.  There  are  three  principal  methods  by  which  the 
nature  of  disease  is  elucidated,  as  there  are  three  main  sources  of  our 
knowledge  of  disease.  These  may  be  designated  respectively.  Experi- 
mental Pathology,  Pathological  Anatomy  and  Histology,  and  Clinical 
Observation.  To  each  of  these  is  Pathology  indebted  in  endeavouring 
to  form  a  conception  of  each  disease  in  its  true  characters. 

John  Hunter  may  be  said  to  have  laid  the  foundation  of  experi- 
mental pathology.  So  far  as  it  can  be  prosecuted,  this  mode  of 
study,  which  aims  at  the  production  of  morbid  conditions  in 
animals  so  as  to  observe  them  more  closely,  is  calculated  to  aff'ord  us 
the  most  directly  trustworthy  information  as  to  the  nature  of  diseases, 
and  much  of  the  advance  in  modern  pathology  is  due  to  this  line  of 
study.  If  we  can  actually  induce  a  given  disease  in  an  animal,  we 
already  know  a  great  deal  as  to  its  causation,  and  are  in  the  way 
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of  finding  out  much  as  to  its  nature.  In  some  cases  we  are  able 
actuallj'^  to  observe  the  morbid  processes  in  the  living  anima,l;  in 
others  we  can  kill  the  animal  at  various  periods  after  the  onset  of  the 
disease,  and  observe  the  results  at  various  stages.  We  can  vary  the 
experiment  in  different  ways  so  as  to  eliminate  on  one  side  and  another 
the  various  elements,  and  so  reduce  the  problem  to  its  simple  and 
necessary  parts.  Experimental  pathology  has  thus  carried  us  far 
towards  understanding  many  of  the  conditions  in  disease.  Eefer- 
ence  need  only  be  made  to  the  reformations  which  this  line  of  study 
has  effected  in  our  knowledge  of  Inflammation,  Embolism,  Tuber- 
culosis. 

The  study  of  morbid  anatomy  may  not  effect  such  revolutions  in 
Pathology  as  experimental  pathology,  but  it  is  by  this  method  that  the 
scientific  basis  of  Pathology  has  been  laid,  and  in  the  training  of  the 
individual  medical  student  it  is  calculated  to  play  an  even  more  im- 
portant part  in  giving  him  an  understanding  of  the  nature  of  the 
diseases  he  has  to  deal  with.  Morbid  anatomy  deals  mth  the  physical 
changes  which  disease  produces  in  the  body.  These  changes  are,  as  it 
were,  the  expression  of  the  pathological  processes,  and  are  only  to  be 
regarded  as  indications  of  the  existence  of  these  processes.  It  is  pro- 
bable that  all  morbid  processes  produce  changes  in  structure,  although 
the  changes  may  sometimes  elude  our  observation.  For  the  most  part, 
however,  we  are  able  to  associate  the  change  of  structure  with  the 
morbid  process,  and  the  observed  change  leads  us  up  to  the  actual 
nature  of  the  disease.  In  fact,  the  nature  of  disease  might  be  studied 
on  the  basis  of  the  morbid  structure,  advantage  being  taken  also 
of  all  information  afforded  by  experimental  pathology  and  clinical 
observation. 

Morbid  Anatomy  is  the  study  of  the  structural  changes  in  all  periods 
and  stages  of  the  disease.  It  is  sometimes  objected  to  this  mode  of 
study  that  in  observing  the  state  of  the  tissues  after  death  we  see  only 
the  last  stages  of  disease,  and  in  some  cases  only  the  results.  This, 
however,  is  not  the  case.  Every  clinical  observer  will  admit  that  in  the 
same  disease  the  fatal  issue  occurs  in  different  cases  under  the  most 
diverse  circumstances.  Death  ensues,  as  a  rule,  when  by  reason  of 
defective  nutrition,  or  a  deficiency  in  the  supply  of  oxygenated  blood 
mainly  by  interference  Avith  the  respiration,  the  functions  of  the  body 
can  no  longer  be  carried  on.  As  there  is  in  different  individuals  an 
infinite  variety  in  the  Adgour  of  the  vital  processes,  so  a  condition 
which  in  one  will  very  slightly  affect  the  essential  phenomena  of  life, 
will,  in  another,  seriously  compromise  them.  This  is  an  experience  of 
our  every-day  life.    And  thus  it  happens  that  patients  die  in  all  stages  of 
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disease.  Even  in  the  same  case  we  are  often  able  to  study  the  various 
changes  in  their  different  stages. 

As  an  iUustration  of  Avhat  is  meant,  take  the  case  of  pneumonia 
or  acute  inflammation  of  the  lungs.  Patients  die  in  this  disease,  as 
a  rule,  from  failure  of  the  heart  and  consequent  cessation  of  the 
circulation ;  but  the  paralysis  of  the  heart  is  not  related  solely  to 
the  condition  of  the  lungs.  It  is  often  much  more  closely  related  to  the 
elevation  of  temperature  which  is  to  be  traced  to  changes  in  the  nervous 
system,  while  the  power  of  resistance  of  the  heart  in  each  person  is  an 
important  element  in  the  matter.  And  so  it  happens  that  one  man  will 
die  with  a  limited  and  advancing  pneumonia,  while  another  will  survive 
through  a  very  extensive  condensation.  The  lung  at  death  in  the  one 
case  is  in  the  same  stage  of  the  disease  as  in  the  other  at  a  certain  date 
during  life.  We  can  study  the  nature  of  the  disease  in  the  former  and  we 
are  surely  warranted  in  assuming  that,  in  the  patient  who  survived,  the 
state  of  the  lung  is  virtually  identical  with  that  in  the  patient  who  died. 

Again,  in  a  carcinoma  growing  up  to  death,  we  have,  at  the  growing 
margins  of  the  tumour,  changes  which  are  the  same  as  those  by  which 
the  tumour  has  all  along  been  extending,  and  we  can  study  the  methods 
of  its  growth  as  well  as  its  relations  to  the  structures  in  which  it  has 
been  growing. 

Thus  it  is  that,  although  morbid  anatomy  by  itself  may  in  some  cases 
throw  little  light  on  the  nature  of  the  disease,  yet,  taken  as  an  expres- 
sion of  the  morbid  process,  it  is  of  the  highest  value.  It  may  be  added 
that,  as  similar  processes  must  have  similar  changes  as  their  correlatives, 
we  may  take  these  changes  as  a  kind  of  test  of  the  existence  of  the 
processes. 

In  referring  to  jDrocesses  and  changes  it  must  be  understood  that  the 
finer  structure  of  the  body  is  taken  into  account.  In  Pathological 
Anatomy,  we  include  Pathological  Histology,  and  it  may  indeed  be 
said  that,  as  the  coarser,  naked-eye  appearances  are  merely  the  expres- 
sion of  the  finer  structural  details,  so  we  shall  not  understand  the  former 
unless  we  are  able  to  refer  them  to  the  latter.  We  can  have  no  accurate 
idea  of  the  proper  structure  of  the  normal  liver  by  simply  looking  at  it 
with  the  naked  eye,  and  we  can  have  little  insight  into  its  morbid  con- 
ditions by  the  same  method  of  observation.  The  morbid  conditions, 
however,  do  generally  cause  changes  in  the  naked-eye  appearances,  and 
this  is  of  great  consequence  as  enabling  us,  when  roughly  examining  an 
organ,  to  infer  that  its  structure  is  changed.  But  these  macroscopic 
appearances  are  only  of  value  when  they  are  used  to  throw  light  on  the 
microscopic  changes  or  to  direct  attention  to  them.  The  really  im- 
portant processes  are  those  which  concern  the  finer  elements  of  the 
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tissues,  and  so  it  is  to  these  that  we  shall  chiefly  attend  in  studying  the 
various  forms  of  disease. 

Clinical  observation  is  of  great  importance  in  the  study  of  path- 
ology, and  that  in  various  ways.  If  what  has  been  stated  above  be 
correct,  then  it  is  the  processes  occurring  during  life  that  are  the  real 
subject  of  study  in  pathology,  and  it  is  only  by  careful  clinical  obserA\a- 
tion  that  we  are  able  to  get,  as  it  were,  into  close  relations  mth  these 
processes  during  their  actual  currency.  Clinical  Observation  and 
Pathological  Anatomy  should  thus  be  taken  as  mutually  elucidating 
each  other,  and  as  working  together  towards  just  conceptions  as  to  the 
nature  of  the  conditions  concerned. 

There  is  another  aspect  in  which  clinical  observation  is  of  importance 
in  relation  to  pathology.  The  pathologist,  if  conversant  only  \^^th 
morbid  anatomy  and  experimental  pathology,  is  apt  to  form  a  too 
mechanical  and  simple  conception  of  the  processes  involved,  and  is 
\ike^  to  theorize  on  the  basis  of  a  too  limited  Adew  of  the  subject. 
Clinical  Observation  is  a  needed  corrective  to  this,  bringing  the  path- 
ologist back  to  the  practical  aspects  of  the  matter,  and  checking  the 
tendency  to  theorize  by  the  discii^line  of  facts. 

In  the  systematic  treatment  of  the  various  forms  of  disease,  the  plan 
adopted  has  been  to  take  up  first  the  diseases  in  their  general  aspects, 
and  afterwards  the  diseases  of  the  special  organs  and  systems.  The 
work,  therefore,  divides  itself  naturally  into  a  General  Part  and  a 
Special  Part. 

In  the  General  Part  will  be  taken  up  those  diseases  which  are  not 
confined  to  any  organ  or  tissue;  most  of  them,  indeed,  may  affect  any 
organ  of  the  body.  This  is  preceded  by  a  Section  on  the  Natm-e, 
Causation,  and  Terminations  of  Disease. 

In  the  Special  Part,  the  diseases  as  they  manifest  themselves  in  the 
individual  organs  and  tissues  will  be  considered.  It  is  clear  that  the 
diseases  described  in  the  General  Part  will  again  come  under  review  in 
each  division  of  the  Special  Part,  and  they  will  be  taken  up  very  much 
in  the  same  order  as  in  the  General  Part.  But  each  disease  presents 
various  specialities  according  to  its  locality,  and,  from  a  practical  point 
of  view,  it  is  important  to  understand  the  modifications  thus  occurring. 
The  Special  Part  will  be,  in  a  certain  sense,  an  expansion  and  amplified 
illustration  of  the  general  principles  educed  in  the  General  Part. 


PART  FIRST -GENERAL  DISEASES. 


SECTION  I. 

NATURE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE 

IN  GENERAL. 

Nature  of  Disease. — Normal  activities  of  tissues  concerned  loitk  self-pre- 
servation ;  in  disease  their  efficiency  impaired.      Cattsation  of  Disease.  

Action  of  external  forces  nearly  always  present,  but  pioicers  of  resistance  in 
the  tissues  an  important  element.  A.  Influence  of  external  forces :  {1)  direct 
action  of  the  physical  forces,  pioisons  and  morbid  poisons  ;  (2)  indirect  action 
in  producing  susceptibility  to  disease.  B,  Inf^ience  of  internal  conditions  : 
(1)  congenital  diseases  and  susceptibilities  ;  (2)  influence  of  inheritance,  in  pro- 
ducing racial  and  individual  characteristics,  structural  and  physiological 
ahwrmalities,  and  susceptibilities  or  predispositions  to  disease  ;  (3)  influence 
of  age  and  sex.  Terminations  of  Disease. — Recovery  implies  vis  medicatrix 
naturce.     Death  by  failure  of  respiration  or  of  heart's  action. 

T)ATHOLOGY,  as  we  have  seen,  is  concerned  with  morbid  conditions, 
taking  account  of  the  causes  of  disease,  the  nature  of  the  changes 
induced  in  the  tissues,  and  the  resulting  alterations  in  function.  This 
implies  a  knowledge  of  the  condition  of  the  body  in  health  and  a  com- 
parison between  the  healthy  and  morbid  states.  In  this  preliminary 
section  it  will  be  proper  to  lay  down  some  general  principles  in  regard 
to  the  difference  between  normal  and  pathological  actions. 

In  our  conception  of  the  living  body  we  are  not  to  look  upon  it 
merely  as  a  whole,  but  also  in  its  finer  elements.  John  Hunter  laid  it 
down  as  one  of  his  most  important  primary  principles  that  "  every  indi- 
vidual particle  of  animal  matter  is  possessed  of  life,  and  the  least 
imaginable  part  is  as  much  alive  as  the  whole."    This  principle  of  John 
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Hunter's  may  be  regarded  as  the  basis  of  the  modern  Cell  theory, 
which,  in  the  hands  of  Goodsir  and  Virchovv,  has  been  applied  to 
Pathology  with  very  great  eflfect.  According  to  this  theory,  which  may 
now  perhaps  take  rank  as  a  definitely  established  principle,  the  tissues 
of  the  body  contain  multitudes  of  quasi-indei^endent  bodies,  which  have 
their  own  actions  and  their  own  life.  We  do  not  proj^erly  ajDpreciate 
any  action  of  the  body,  whether  normal  or  pathological,  unless  we  take 
into  account  the  finest  details  of  the  tissues  and  have  regard  to  the 
active  cell-life  which  goes  on  there. 

The  primary  actions  of  the  cells  will  be  found  to  be  remarkably 
similar  to  those  of  the  larger  structures  of  the  body  and  of  the  body  as 
a  whole.  Each  of  the  cells  is  engaged,  in  the  first  instance,  in  self- 
preservation.  It  has  its  own  substance  to  preserve,  and  it  has  also 
in  many  cases  a  certain  portion  of  intercellular  substance  to  look  after. 
Its  first  duty  is  to  resist  any  disintegrating  action  and  to  make  up  for 
any  waste  which  may  occur  in  the  exercise  of  its  ordinary  functions. 
In  like  manner  the  body  as  a  whole  has,  for  its  primary  action,  the  pre- 
servation of  its  own  existence,  opposing  its  resistance  to  forces  external 
to  itself,  and  making  up  for  the  ordinary  waste  of  life.  To  this  are 
subservient  all  the  constant  organic  functions,  digestion,  respiration, 
circulation,  etc.  The  individual  organs  of  the  body  have  also,  in  many 
cases,  special  arrangements  for  self-preservation,  which  come  into  play 
when  any  interference  from  without  incommodes  them  in  their  functions. 
Thus  resistance  to  forces  external  to  themselves  in  order  to  self-preser- 
vation enters  into  the  primary  actions  of  all  living  animal  structures, 
and  it  vdll  be  found  that  living  bodies,  whether  in  mass  or  in  detail,  have 
an  inherent  power  of  resisting  external  forces  and  restoring  any  injurj^ 
such  as  dead  matter  does  not  possess.  This  may  be  illustrated  before 
going  further. 

A  living  egg  consists  of  a  single  cell,  surrounded  by  a  mass  of  nutri- 
tious matter  destined  to  afford  material  out  of  which  the  futiu-e  animal 
will  be  built  up.  But  the  egg,  by  virtue  of  the  living  principle  in  it, 
possesses,  as  John  Hunter  showed,  a  remarkable  power  of  resisting 
external  influences.  It  resists  the  influence  of  cold  and  of  the  agents  of 
putrefaction  to  a  degree  which  contrasts  very  strikingly  with  an  egg 
which  is  not  alive.  When  a  dead  egg  {i.e.,  one  that  has  been  Idlled  by 
previous  freezing)  is  placed  in  a  freezing  mixture  its  temperature  soon 
falls  to  32°  F.,  and  it  begins  to  swell  and  congeal.  In  the  case  of  a  fresh 
egg,  however,  the  temperature  falls  to  29^°,  as  does  that  of  living 
animals,  without  freezing,  and  it  takes  25  minutes  longer  than  the 
dead  one  to  freeze.  Before  freezing  the  temperature  rises  to  32'. 
Again,  all  through  the  process  of  hatching,  the  yolk,  and  what  re- 
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mains  of  the  albumen,  continue  perfectly  sweet ;  but  if  a  dead  egg  be 
in  the  nest  it  becomes  putrid  like  an  ordinary  piece  of  dead  matter 
under  similar  circumstances.  These  observations  of  J ohn  Hunter  show 
that  a  small  piece  of  living  matter  has  a  special  power  of  resisting  the 
influences  of  external  forces  such  as  dead  matter  does  not  possess. 

The  body  as  a  whole  is  also  engaged  in  resisting  the  action  of  forces 
external  to  itself.  An  example  of  this  is  afforded  by  the  preservation 
of  the  bodily  temperature  in  warm-blooded  animals.  In  such  animals 
there  is  a  continuous  loss  of  heat  by  radiation  and  convection,  and  it  is 
an  important  function  of  the  body  to  compensate  for  the  loss.  Again, 
locomotion  and  even  the  retention  of  the  erect  posture  are  effected  by 
the  opposition  of  the  various  organs  of  locomotion  to  the  action  of 
gravitation.  The  resistance  to  this  force  involves  the  functions  of  bones, 
ligaments,  muscles,  and  nervous  system. 

In  the  actual  living  body,  then,  the  cells  are  engaged  in  preserving 
themselves  from  influences  which  may  exist  inside  the  body  but  are 
external  to  themselves,  the  regular  wear  and  tear  of  life,  and  the  body 
as  a  whole  is  similarly  engaged.  Health  is  preserved  so  long  as  the 
individual  elements  and  the  tissues  as  a  whole  are  completely  successful 
in  resisting  all  disturbing  influences,  so  long  as  they  preserve  themselves 
in  a  perfect  state.  In  that  case  all  the  functions  are  performed  with 
such  ease  that  they  do  not  obtrude  themselves  on  the  consciqusness,  and 
the  body  as  a  whole  is  preserved  from  decay  and  injury.  On  the  other 
hand,  when  the  forces  external  to  the  body  as  a  whole  or  to  its  in- 
dividual elements  successfully  obtrude  themselves  and  impair  the  due 
efficiency  of  the  living  structures,  then  disease  supervenes.  In  disease, 
therefore,  we  have  to  take  into  account  the  vital  activity  of  the  tissues, 
chiefly  of  the  cellular  elements,  and  the  alterations  wrought  by  forces 
external  to  the  structures  concerned. 


CAUSATION  OF  DISEASE. 

In  the  causation  of  disease  we  have  to  look  chiefly  to  external  forces 
as  the  immediate  agents,  but  we  have  also  to  take  into  account  ten- 
dencies  and  susceptibilities  existing  in  the  tissues,  which  tendencies  and 
susceptibilities  may  sometimes  amount  to  actual  determining  causes. 
Disease  may  be  induced  in  two  ways  :  on  the  one  hand  external  agents 
may  attack  the  tissues  with  such  energy  as  to  break  down  the  resistance 
of  the  living  structures,  or,  on  the  other  hand,  the  tissues  may  bo  so 
weakened  as  to  be  unable  to  resist  the  impact  of  the  ordinary  forces 
external  to  themselves.    This  may  be  made  clearer  by  illustration. 
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At  the  mucous  and  cutaneous  suifaces  of  the  body  there  are  innu- 
merable microbes  or  bacteria  capable  of  preying  on  animal  matter 
of  exactly  the  same  chemical  constitution  as  the  tissues  on  which 
they  lie.  When  the  body  dies  these  begin  their  action  on  the  tissues, 
and  the  process  of  jjutrefaction  leads  to  the  disintegration  of  the 
tissues.  During  healthy  life,  however,  these  microbes  are  restrained  by 
the  living  epithelial  cells  of  the  mucous  and  cutaneous  surfaces.  It 
seems,  indeed,  an  important  function  of  these  cells  to  prevent  the 
inroads  of  such  living  organisms.  But  let  an  injury  of  some  kind 
destroy  the  protecting  layer  of  cells,  then  the  agents  of  putrefaction  may 
find  entrance,  and  by  their  action  produce  serious  inflammations. 
Again,  some  of  th'ese  bacteria,  even  when  they  find  entrance  to  the 
tissues,  produce  no  effect  in  most  persons,  while  in  others,  by  reason  of 
some  weakness  in  the  powers  of  resistance,  they  lead  to  the  processes  of 
disease.  It  is  so  in  regard  to  Tuberculosis,  for  instance.  Most  people 
are  exposed  to  the  inroads  of  the  tubercular  bacteria,  inhaling  them  into 
their  lungs,  and  taking  them  with  their  food  into  the  alimentary  canal, 
but  only  a  small  percentage  of  those  exposed  acquire  the  disease.  On 
the  other  hand,  bacteria  may  be  of  such  vigour  that  they  readily  over- 
come the  resistance  of  the  living  barriers,  even  in  healthy  persons,  and 
find  entrance  to  the  body.  Thus,  in  an  epidemic  of  cholera  most  people 
who  are  exposed  to  the  contagion — that  is,  most  peojjle  who  take  into 
their  stomachs  the  microbes  concerned — become  affected  with  the 
disease. 

As  another  illustration,  we  may  cite  the  ordinary  external  mechanical 
forces.  Our  tissues  are  formed  to  resist  all  ordinary  mechanical  forces 
to  which  they  are  exposed.  They  will  succumb,  however,  to  excep- 
tionally vigorous  impacts  of  the  mechanical  forces,  and  so  arise  such 
morbid  conditions  as  wounds,  fractures  of  bones,  etc.  But,  on  the  other 
hand,  the  tissues  may  be  primarily  altered  so  as  to  expose  a  less  degree 
of  resistance  than  usual  to  the  impact  of  the  mechanical  forces.  There 
is  a  condition,  for  example,  in  which  the  blood-vessels  arc  readily  rup- 
tured and  the  resulting  htemorrhage  is  with  difficulty  stayed.  Persons 
so  affected  may  bleed  to  death  from  a  trivial  injury.  Again,  there  are 
persons  whose  bones  are  unable  to  support  the  Aveight  of  the  body 
efficiently  ;  they  bend  under  it.  These  are  examples  of  inherent  morbid 
conditions  which,  indeed,  do  not  come  into  evidence  till  the  external 
forces  act  on  the  body,  but  which  are  present  as  definite  changes  in  the 
tissues,  and  are  hence  designated  diseases  or  morbid  conditions. 

From  these  illustrations  it  Avill  apjoear  that,  while  in  the  production 
of  the  actual  manifestations  of  disease  external  forces  are,  in  most  cases 
at  least,  the  determining  causes,  yet  that  in  many  cases  there  are  pre- 
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existing  conditions  in  the  tissues,  which  form  an  important  element  in 
the  cavisation,  sometimes  even  more  important  than  the  other.  This 
pre-existing  element  may  be  some  manifest  and  definite  imperfection  in 
the  structure  of  the  body  rendering  it  inefficient  in  relation  to  some  of 
the  ordinary  actions  of  life,  or  it  may  be  some  obscure  peculiarity  which 
renders  the  tissues  less  able  to  resist  certain  external  agents.  In  the 
one  case  the  pre-existing  morbid  condition  is  described  as  the  Disease, 
in  the  other,  we  speak  of  Susceptibility  or  Predisposition  as  existing. 
It  is  to  be  noted  that  such  susceptibility  or  predisposition  is  usually  to 
a  particular  form  of  disease  and  that  it  may  exist  in  persons  who  are 
otherwise  perfectly  normal.  It  is  clear  also  that  the  susceptibility 
may  exist  throughout  life  without  the  person  having  been  exposed  to  the 
external  influence  which  is  necessary  to  the  production  of  the  disease. 

The  term  Diathesis  is  frequently  used  to  designate  a  peculiar  consti- 
tutional state,  predisposing  persons  to  certain  forms  of  disease.  Thus 
the  rheumatic,  scrofulous,  and  gouty  diatheses  are  spoken  of.  These 
conditions  are,  however,  too  vague  to  be  of  much  real  scientific  value, 
and,  as  a  matter  of  fact,  the  term  is  often  used  to  designate  not  merely 
a.  predisposition  but  an  actually  existing  condition  of  disease. 

A. — Influence  of  External  Forces  in  the  Causation 

OF  Disease. 

External  influences  may  have  a  direct  or  an  indirect  influence  in  the 
causation  of  disease.  That  is  to  say,  they  may  act  directly  on  the 
tissues  so  as  to  bring  about  certain  phenomena  which  we  term  diseases, 
or  else  they  may  so  influence  the  tissues  as  to  increase  their  liability  or 
susceptibility  to  certain  diseases. 

I.— DIRECT  INFLUENCE  OF  EXTERNAL  FORCES. 

1.  The  physical  forces,  mechanical,  chemical,  thermal,  and  electric, 
.  often  directly  aff"ect  the  tissues.  Their  eff'ect  is  to  damage  the  parts  on 
which  they  act.  The  mechanical  forces  cause  wounds,  bruises,  fractures, 
etc. ;  the  chemical  forces  produce  disintegration  or  less  severe  injury  to 
the  tissues ;  excessive  heat  or  cold  in  their  extreme  degrees  kill  the 
tissues,  and,  acting  less  strongly,  do  a  certain  amount  of  damage.  In 
all  these  cases  the  immediate  effects  are  local  ones,  the  living  structures 
acted  upon  are  injured.  But  as  the  tissues  are  living  tissues,  certain 
phenomena  ensue  which  are  the  expression  of  the  physiological  pro- 
cesses, altered  by  the  damage  done  to  the  tissue.  We  have  a  series  of 
I)hcnomena  generally  grouped  under  the  term  Inflammation,  whicli 
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arise  more  or  less  directly  from  the  damage  done  to  the  living  structures, 
and  more  particularly  to  the  blood-vessels.  The  phenomena  of  inflam- 
mation are  essentially  local,  having  their  seat  in  the  damaged  part ;  they 
are  the  expression  of  its  own  action.  To  some  extent  these  phenomena 
are  also  the  result  of  an  attempt  in  the  part  to  recover  from  the  damage 
inflicted,  or,  as  it  is  called,  of  a  reaction  of  the  living  tissues  against 
the  injury  done. 

But  even  in  the  case  of  purely  physical  causes,  the  phenomena  do  not 
always  remain  purely  local.  As  the  blood-vessels  of  the  injured  part 
are  in  communication  with  the  general  circulation,  the  products  of  the 
changes  occuiring  in  the  tissues  may  be  carried  throughout  the  body, 
and  produce  changes  in  the  blood  and  tissues  as  a  whole.  An  example 
of  this  is  furnished  by  some  cases  of  extensive  burns  of  the  skin.  The 
blood  in  the  parts  exposed  to  the  excessive  heat  may  be  damaged ;  the 
red  corpuscles  are  sometimes  killed.  The  dead  corpuscles  are  disinte- 
grated and  their  products  are  carried  with  the  general  circulation,  and 
may  do  damage,  especially  while  in  process  of  elimination  by  the  kid- 
neys. Again,  in  almost  all  inflammations  the  fluid  of  the  blood  passes 
out,  to  some  extent,  amongst  the  tissues  or  on  to  surfaces.  In  these 
situations  it  may  undergo  putrefactive  or  other  changes,  the  products  of 
which  may  pass  back  into  the  blood  by  way  of  the  lymphatics  or  veins, 
and  so  be  carried  throughout  the  body.  The  result  of  this  is  a  different 
series  of  phenomena,  included  under  the  term  Fever  or  Pyrexia.  Hence 
fever  is  a  frequent  accompaniment  of  inflammation,  even  when  produced 
by  physical  causes. 

2.  Poisons,  in  the  ordinary  sense  of  the  word,  can  scarcely  be  said  to 
produce  diseases.  Some  of  them,  indeed,  are  chemical  agents,  such  as 
alkalies  and  acids,  which  act  locally  on  the  tissues,  and  produce  inflam- 
mations in  the  usual  way.  Others,  such  as  arsenic  and  cantharides,  pro- 
duce local  inflammations,  not  by  any  obvious  or  gross  chemical  action, 
but  by  some  more  intimate  influence  on  the  vitalitj'^  of  the  structures. 
These  two  agents,  like  many  other  poisons,  whatever  the  portal  by 
which  they  find  entrance  to  the  body,  being  carried  by  the  blood,  select 
certain  localities  on  which  to  act.  Arsenic  acts  as  an  irritant  on  the 
mucous  membrane  of  the  stomach  and  intestines,  producing  the  pheno- 
mena of  inflammation  there ;  cantharides  acts  siniilarlj'^  on  the  kidneys 
and  bladder.  Most  other  poisons  resemble  these  two  in  respect  that 
they  select  a  certain  locality  for  their  action,  and  that  they  produce  their 
eflTects  by  some  intimate  influence  on  the  vital  processes  of  the  living 
tissues,  this  influence  probably  having  to  do  with  the  finer  chemical 
processes  concerned  in  the  vital  phenomena.  In  the  case  of  most 
poisons,  the  nervous  system  is  more  or  less  aff'ected,  many  of  them 
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having  special  kinds  of  actions,  and  some  of  them  selecting  special  parts 
of  the  nervous  system.  Thus,  strychnia  acts  as  an  irritant  upon  the 
motor  centres  of  the  cord  and  medulla  oblongata.  The  term  Intoxi- 
cation (which  literally  means  poisoning)  is  used  by  Continental  writers 
to  designate  the  effects  produced  on  the  nervous  system  by  poisons  in 
general.  In  this  country  it  has  become  appropriated  to  the  effects  on 
the  nervous  system  of  jjoisoning  by  alcohol. 

3.  Morbid  poisons  stand  in  a  totally  different  position  from  ordinary 
poisons.  The  term  is  used  for  agents,  which,  when  introduced  into  the 
body,  increase  by  self-multiplication,  and  produce  effects  altogether  dis- 
proportionate to  their  original  amount.  They  may  be  introduced  in 
exceedingly  minute  quantities,  but  as  a  result  they  may  have  very 
severe  effects,  resulting  even  in  death.  Each  of  these  morbid  poisons 
produces  a  specific  form  of  disease. 

It  may  now  be  confidently  asserted  that  these  morbid  poisons  are,  at 
least  in  the  great  majority  of  cases,  related  to  minute  vegetable 
organisms,  belonging  to  the  class  of  Bacteria,  but  often  called  somewhat 
generally  Micro-organisms  or  Microbes.  They  propagate  chiefly  by 
simple  division  of  their  cells,  and  do  so,  generally  with  great  rapidity, 
so  that  they  multiply  very  greatly  in  a  limited  time.  They  do  not 
produce  their  effects  directly,  but  by  means  of  poisons  eliminated  by 
them  in  the  course  of  their  vital  processes. 

Some  of  these  microbes  produce  in  the  first  instance  purely  local 
effects,  these  effects  having  as  a  rule  the  characters  of  inflamma- 
tions, sometimes  with  special  characters  which  serve  to  distinguish  the 
various  kinds  of  agents.  Thus  syphilis  and  tuberculosis  always  begin 
by  the  local  application  of  the  morbid  poison,  and  their  primary 
phenomena  are  more  or  less  modified  inflammations.  But  even  those 
which  have  a  primary  local  seat  very  readily  extend  their  influence 
beyond  it  to  the  circulating  blood,  while  many  forms  appear  to  have  no 
primary  local  seat,  but  immediately  pass  into  the  blood.  It  is  so  with 
the  morbid  poisons  of  typhus  fever,  yellow  fever,  scarlet  fever,  and 
others.  This  extension  to  the  blood  may  be  of  the  morbid  poison 
itself,  the  bacteria  propagating  into  the  blood  and  multiplying  there,  or 
it  may  be  a  mere  filtration  of  the  poisonous  products  of  the  micro- 
organisms, the  latter  remaining  local.  Thus  tuberculosis  may  remain 
entirely  local,  and  yet  fever  is  a  nearly  constant  result  from  the  products 
passing  on  into  the  blood.  Indeed  there  are  some  forms  which 
apparently  never  pass  beyond  their  local  seats  and  yet  may  produce 
general  phenomena.  Thus  the  microbe  of  cholera  appears  to  confine 
itself  to  the  intestinal  canal,  but  its  products  are  absorbed  and  produce 
effects  upon  the  nervous  system  and  otherwise. 
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The  tei  'Ills  Infective  and  Zymotic  Diseases  have  been  apjilied  to 
affections  of  this  class  with  reference  to  the  fact  that  the  morhid  poison 
is  self-propagating.  The  term  infective  is  to  he  carefully  distinguished 
from  infectious.  The  former  has  reference  to  the  extension  of  the 
morbid  poison  in  the  person  affected.  In  multiplying  the  agent  infects 
neighbouring  parts,  and  so  an  infective  disease  is  a  spreading  one, 
extending  the  territory  affected.  Infectious,  on  the  other  hand,  refers 
to  the  extension  from  person  to  person.  A  disease  may  be  infective, 
yet  not  infectious,  although  many  diseases  are  both.  Thus  tuberculosis 
is  a  typically  infective  disease,  having  a  characteristically  spreading 
character,  while  it  is  doubtfully  infectious.  Syphilis,  on  the  other 
hand,  is  both  infective  and  infectious. 

The  mode  of  extension  of  this  class  of  diseases  amongst  the  community 
is  somewhat  various,  and  in  some  cases  somewhat  difficult  to  determine. 
There  are  many  in  which  the  disease  is  simply  passed  from  person  to 
person,  either  directly  or  by  clothing,  excreta,  or  otherwise.  Such 
diseases  are  called  distinctively  infectious  or  contagious.  This  latter 
term  is  sometimes  confined  to  the  propagation  by  actual  contact,  but  it 
is  often  used  more  generally  to  distinguish  an  indirect  transmission. 
The  term  contagium  or  contagium  vivum  is  equivalent  to  morbid 
poison. 

But  the  mode  of  extension  is  in  many  instances  not  so  simple  as  this. 
There  are  some  morbid  poisons  which  ajDpear  to  reside  in  special 
localities,  being  apparently  fostered  by  the  special  conditions  of  tem- 
perature, moisture,  and  other  factors  in  these  localities.  In  order  to 
acquire  such  affections  a  person  must  visit  the  locality,  and  the  morbid 
poison  must,  as  it  were,  rise  from  the  ground  and  pass  into  his  body. 
The  term  Miasma  is  applied  to  such  morbid  poisons,  and  the  diseases 
are  called  miasmatic.  The  most  typical  instance  of  it  is  the  malarial 
fevers,  although  there  is  reason  to  believe  that  acute  pneumonia,  acute 
rheumatism,  and  some  other  affections  are  miasmatic. 

There  are  some  diseases  which  may  be  propagated  either  by  miasma, 
or  infection.  Examples  of  these  are  cholera,  typhoid  fever,  dysentery, 
yellow  fever. 

To  the  class  of  diseases  here  under  consideration  the  terms  epidemic 
and  endemic  are  frequently  used.  A  disease  is  epidemic  Avhen  it  occurs 
in  large  numbers  within  a  limited  time  in  a  place  where  it  is  not 
generally  prevalent.  The  occuiTence  of  an  epidemic  implies  the  intro- 
duction in  considerable  quantity  of  a  morbid  poison,  and  in  such  a  case 
the  disease  will  mostly  be  infectious.  On  the  other  hand,  a  disease  is 
endemic  when  it  is  habitually  prevalent  in  a  particular  locality.  In 
that  case  the  disease  is  most  likely  to  be  miasmatic  in  its  origin. 
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II.- INFLUENCE  OF  EXTERNAL  CIRCUMSTANCES  IN  PRODUCING 
SUSCEPTIBILITY  TO  DISEASE. 

External  circumstances  doubtless  produce  definite  effects  on  the  living 
body,  but  these  effects  are  frequently  very  difficult  to  determine. 
Climate,  temperature,  condition  of  the  atmosphere  as  regards  purity, 
or  moisture,  the  character  of  the  soil,  the  dwellings,  the  food  and  drink, 
the  clothing,  the  occupations  of  men,  all  have  influence  on  their  suscep- 
tibility to  disease.  The  geographical  distribution  of  disease  and  tho 
effects  of  occupations  have  been  made  especially  the  subject  of  observa- 
tion, but  a  more  particular  examination  of  these  jDoints  scarcely  lies 
within  our  province. 

External  circumstances  will  affect  the  liAdng  tissues  chiefly  by  ren- 
dering them  less  vigorous  in  their  resistance  to  morbid  influences.  As 
an  illustration  of  this  we  may  cite  the  effect  of  exposure  to  cold  in  the 
causation  of  disease.  It  is  an  admitted  fact  that  exposure  to  cold, 
especially  when  the  body  is  fatigued  and  the  general  vitality  lowered,  is 
frequently  followed  by  attacks  of  disease.  But  the  exposure  can  scarcely 
be  the  cause  of  the  disease  as  it  produces  in  different  persons  most 
diverse  results.  Thus  a  similar  exposure  will  lead  in  one  person  to 
acute  catarrh  of  the  air-passages,  in  another  to  acute  rheumatism,  in  a 
third  to  acute  inflammation  of  the  kidneys,  in  another  to  diarrhoea,  and 
so  forth.  It  is  clear  that  the  effect  of  the  exposure  is,  in  most  cases  by 
reflex  nervous  influences,  to  render  some  part  unduly  susceptible  to  the 
exciting  causes  of  disease,  the  locality  which  is  thus  rendered  susceptible 
being  determined  often  by  the  individual  characteristics  of  the  person. 
In  many  cases  the  disease,  indeed,  is  due  to  a  morbid  poison,  which  is 
able  to  make  good  its  entrance  when  the  structures  are  weakened. 
In  what  is  specifically  designated  a  common  cold,  the  exjjosure  to  a  low 
temperature  is  merely  one  of  the  predisposing  conditions.  Colds  fre- 
quently arise  without  any  such  exposure.  The  fact  that  such  colds  are 
often  obviously  infectious  is  an  indication  that  they  are  due  to  morbid 
poisons,  which  must  be  very  prevalent  in  the  community. 

Occupations  will  influence  the  production  of  disease  according  as  they 
tend  to  weaken  particular  tissues.  Employments  which  imply  severe 
muscular  exertion,  for  instance,  cause  considerable  strain  on  the  vascular 
system,  as  every  strong  muscular  effort  is  accompanied  by  a  closure  of 
the  glottis,  with  suspension  of  the  respiratory  movements,  and  a  rise  in 
the  blood-pressure.  Such  efforts  frequently  repeated  will  render  the 
heart  and  large  vessels  peculiarly  susccptil)le  to  disease.  Hence  we 
find  that  affections  of  the  heart  and  arteries,  more  particularly  aneurysm, 
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are  much  more  common  in  men  than  in  women,  and  in  men  who  are 
engaged  in  occupations  which  require  strong  and  sustained  muscular 
exertion,  such  as  blacksmiths,  engineers,  etc.  Again,  the  frequent 
respiration  of  impiure  air,  while  it  leads  to  a  general  weakness  of  the 
body,  produces  a  special  susceptibility  to  disease  in  the  lungs.  On  the 
other  hand,  the  inhalation  of  dust  often  leads  directly  to  disease  of  the 
lungs,  by  the  particles  of  dust  actually  injuring  the  lung  tissue. 

B. — Influence  oe  Internal  Conditions  on  the  Causation 

OE  Disease. 

From  what  has  gone  before  it  will  appear  that  the  condition  of  the 
tissues  will  form  frequently  a  strong  predisposing  element  in  the  causa- 
tion of  disease.  It  will  also  appear,  however,  that  there  are  certain 
conditions  of  the  tissues  which  in  themselves  are  counted  diseases,  and 
which  arise  without  any  apparent  external  cause  having  acted ;  they  are 
in  this  sense  spontaneous,  although  this  expression  as  well  as  the 
synonymous  one  idiopathic,  merely  indicate  that  the  cause  is  obscure. 

Looking  at  the  tissues  as  living,  we  recognize  that  in  their  activity 
they  are  capable  of  morbid  change  in  the  direction  of  defect  on  the  one 
hand  and  excess  on  the  other.  External  causes  may  produce  either  of 
these  morbid  changes,  damaging  the  tissues  on  the  one  hand  or  stimu- 
lating them  to  undue  activity  on  the  other.  But  the  tissues  in  them- 
selves may  be  defective  or  excessive,  and  may  be  so  either  in  actual 
structure  or  in  their  tendencies  and  susceptibilities.  These  defects  or 
excesses  may  be  obviously  the  result  of  the  action  of  external  forces, 
but  internal  conditions  have  frequently  a  strong  and  sometimes  a  para- 
mount influence  in  their  causation.  It  will  be  proper  to  consider 
several  different  kinds  of  influence. 

I.-CONGENITAL  DISEASES  AND  SUSCEPTIBILITIES. 

A  condition  is  congenital  when  the  person  is  born  \nth  it.  There 
are  some  diseases  which  are  manifestly  present  at  birth,  and  for  the 
causation  of  which  it  is  necessary  to  go  back  to  the  period  of  life  in 
utero.  Some  of  these  are  obviously  due  to  the  action  of  external  forces, 
mechanical  or  other,  but  there  are  others  in  which  the  causation  is  quite 
obscure.  Among  those  whose  cause  is  clear  may  be  cited  congenital 
syphilis,  which  is  always  a  manifestation  of  hereditary  syphilis.  In  this 
case  a  morbid  poison  is  propagated  from  the  parent  to  the  offspring  and 
acts  on  the  latter  while  still  unborn. 
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Many  of  the  congenital  diseases  consist  in  Malformations  of  the  body 
as  a  whole  or  some  part  of  it.  These  occur  during  the  course  of  develojo- 
ment  and  growth  of  the  body,  and  consist  in  errors  of  excess  or  defect 
in  the  formation  or  disposition  of  the  tissues.  Some  of  them  can,  with- 
out difficulty,  be  traced  to  the  action  of  external  forces  in  the  fcBtus. 
For  example,  a  limb  or  part  of  one  may  be  amputated  in  the  uterus,  and 
the  person  may  be  born  with  a  corresponding  defect,  perhaps  partly 
remedied  by  subsequent  growth  of  the  injured  j^art.  There  ai'e  probably 
many  congenital  defects,  which,  if  they  could  be  traced  back  to  their 
origin,  would  be  found  due  to  mechanical  interference,  but  it  is  only  in 
regard  to  a  few  of  them  that  this  can  as  yet  be  done.  Such  mechanical 
interference  may  be  due  to  inflammation,  producing  adhesion  of  parts, 
and  thus  hindering  their  due  expansion.  It  seems  probable  that  inflam- 
mations play  a  considerable  part  in  the  causation  of  diseases  in  the 
uterus,  and  these  inflammations  will  be  due  to  the  action  of  external 
forces  just  as  are  those  of  extra-uterine  life. 

In  regard  to  congenital  susceptibilities,  these,  again,  may  be  divided 
into  those  tending  towards  defect  on  the  one  hand  and  excess  on  the 
other.  Persons  are  born,  it  may  be,  with  certain  of  their  tissues  unduly 
weak,  and  tending  to  decay.  These  tissues  may  give  way  and  become 
the  seat  of  disease  as  a  result  of  the  action  of  causes  which  in  most 
persons  would  produce  no  such  efi'ect.  It  may  even  be  that  at  a  certain 
period  of  life  they  may  degenerate  without  any  apparent  determining 
cause.  Then,  as  opposed  to  this,  people  may  be  born  with  a  tendency 
to  undue  excess  in  the  growth  of  certain  parts  of  their  tissues.  The 
causation  of  Tumours  or  Morbid  growths  is  very  obscure,  but  we  may 
say  at  least  that  obvious  congenital  conditions,  such  as  soft  warts  or 
moles,  are  not  infrequently  the  starting  point  of  tumours  in  later  life. 
We  may  also  infer  that  unseen  conditions,  which  were  equally  congenital, 
may  be  the  starting  point  of  other  tumours,  the  susceptibility  to  which 
has  existed  during  life. 

It  will  appear  from  what  has  gone  before  that  congenital  diseases  are 
due  to  a  variety  of  causes,  and  that  they  owe  comparatively  little  to 
inheritance.  All  that  the  term  means  is  that  the  child  comes  into  the 
world  with  the  disease  existent.  Congenital  susceptibility,  on  the  other 
hand,  will  be  for  the  most  part  due  to  inheritance. 
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II.— INFLUENCE  OF  INHERITANCE  IN  THE  CAUSATION  OF 

DISEASE. 

At  the  outset  it  is  necessary  to  distinguish  two  very  different  classes 
in  relation  to  the  inheritance  of  disease. 

Hereditary  Diseases. — The  term  hereditary  disease  is  usually  applied 
to  cases  in  which  a  definite  morbid  condition  is  transmitted  from  parent 
to  offspring.  The  commonest  case  of  the  kind  is  Hereditary  Syphilis. 
Here  a  morbid  poison,  presumably  related  to  a  form  of  microbe, 
is  transmitted  by  the  parent  to  the  offspring.  It  is  a  case  in  which  an 
external  force  acting  on  the  parent  is  directly  passed  on  to  the  offspring, 
and  becomes  active  in  the  latter  as  it  has  been  in  the  former.  Many  of 
the  acute  fevers  have  been  similarly  transmitted  to  the  child  in  utero, 
the  fcBtus  either  passing  through  the  fever  successfully  or  dying  from  it. 
Thus  small-pox,  intermittent  fever,  measles,  relapsing  fever  may  be 
communicated  to  the  child  in  utero.  Children  have  been  born  with 
the  eruption  of  small-pox  or  the  cicatrices  visible  on  their  sMns  ;  others 
have  presented  the  large  spleens  and  cachectic  appearances  of  ague. 

It  is  obvious  that  in  all  these  cases  the  hereditary  form  of  the  disease 
does  not  differ  essentially  in  its  causation  from  the  ordinary  forms  of 
the  same  disease,  and  that  inheritance  is  in  no  sense  a  cause,  but  merely 
a  mode  of  transmission  of  the  cause.  We  may  therefore  entirely  elimin- 
ate this  class  of  cases  in  considering  the  influence  of  inheritance  in  the 
causation  of  disease. 

Most  cases  of  hereditary  disease  in  this  sense  are  congenital,  but  they 
are  not  necessarily  so.  In  the  case  of  syphilis,  for  instance,  the  mani- 
festations of  the  disease  may  not  be  present  at  birth,  although  later  on 
lesions  occur  which  are  due  to  hereditary  transmission.  It  may  also  be 
remarked  that  the  use  of  the  term  hereditary  disease,  as  distinguished 
from  inherited  disease,  is  to  some  extent  arbitrary,  but  it  is  justified  by 
convenience  and  also  by  the  fact  that  true  inheritance  does  not  usually 
produce  disease,  but  rather  a  susceptibility  ;  hence  the  term  hereditary 
disease  is  hardly  correct,  except  in  the  sense  in  which  it  is  used  above. 

1,  The  General  Principles  of  Inheritance. — In  order  to  determine 
the  domain  of  inheritance  in  the  causation  of  disease  it  is  necessary  first 
to  consider  the  nature  of  its  influence  in  the  normal  anatomical  and 
physiological  conditions  of  our  bodies. 

Race  the  Result  of  Inheritance. — We  see  the  influence  of  inheritance 
not  only  in  the  fact  that  human  parents  produce  human  offspring,  but 
also  in  that  the  offspring  conform  to  the  race  of  the  parents.    It  is 
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important  in  connection  with  what  follows  to  consider  what  constitute 
the  differences  of  the  races  of  men.  There  is  more  or  less  pigment  in 
the  deeper  layers  of  the  epidermis ;  the  hair,  in  transverse  section,  is 
round  or  oval  in  outline,  or  more  or  less  oval ;  the  nasal  bones  are  arti- 
culated at  an  acute  or  obtuse  angle ;  the  lower  jaw  is  more  or  less 
massive ;  the  shape  and  details  of  the  bones  of  the  skull  are  various  ; 
the  eyes  are  horizontal  or  are  directed  upwards  at  their  outer  extremi- 
ties ;  and  so  on.  It  is  these  differences  in  structure  that  make  the  chief 
distinctions  of  race,  and,  if  we  compare  two  such  dissimilar  races  as  the 
negro  and  the  Englishman,  we  shall  see  that  the  diffei'ence  lies  in  a 
multitude  of  details,  each  of  which  if  taken  apart  might  seem  trivial. 
And  yet  the  fertilized  oviun  inherits  the  power  of  modelling  the  bodily 
frame  down  to  these  minute  details,  and  it  practically  never  goes 
wrong. 

Individual  Characters  the  Result  of  Inheritance.— But,  besides  the 
characters  Avhich  distinguish  men  as  men,  and  the  men  of  one  race  from 
those  of  another,  we  know  that  men  are  distinguished  from  each  other 
individually.  When  we  consider  the  general  likeness  of  the  men  of 
one  race  to  each  other,  it  seems  marvellous  that,  among  the  multitudes 
Avith  whom  we  come  in  contact,  we  rarely  mistake  one  for  another. 
The  only  explanation  of  this  is  that  there  are  innumerable  shades  of 
diflFerence— in  colour  of  skin,  hair,  and  eyes  ;  in  shape  of  nose,  moiith, 
and  eyebrows— an  infinite  number  of  small  peculiarities,  which  make  up 
the  whole  portrait.  AVe  unconsciously  blend  the  whole  of  them  in  one 
mental  picture  of  the  individual,  and  if  one  of  them  be  altered  we  at 
once  recognize  that  our  portrait  is  out  in  some  way  and  has  to  be  re- 
adjusted, as  when  we  change  the  arrangement  or  length  of  the  hair  or 
beard,  or  when  the  mouth  is  altered  by  the  loss  of  teeth  or  the  addition 
of  "an  artificial  set.  This  may  be  further  illustrated  by  the  well-known 
fact  of  the  insufficiency  of  photographs.  In  them  we  have  an  exact 
picture  but  without  the  colour,  and  the  absence  of  this  one  element  in 
the  portrait  has  often  the  effect  of  almost  destroying  the  likeness. 

It  need  hardly  be  said  that  most  of  these  fine  shades  of  difference 
between  man  and  man  are  due  to  inheritance.  The  ovum  enters  on  its 
career  with  these  already  inherent  in  it,  and  the  various  minute  points 
of  difference  are  but  repetitions  variously  compounded  of  points  in  its 
progenitors.  We  arc  so  accustomed  to  look  for  resemblances  between 
children  and  parents  that  we  arc  apt  to  forget  Avhat  these  imply.  It  is  a 
particular  colour  of  the  iris,  a  special  tone  in  the  voice,  a  trick  of  manner^ 
•such  as  a  twitching  of  the  upper  eyelid,  or  a  way  of  fidgeting  with  the 
hand,  which  recalls  the  parent  or  grandpiirent.  These  minute  points  of 
rosemblntice  become  the  more  remarkable  when  we  rcmcml)Gr  that  they 
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are  all  inherent  in  the  fertilized  ovum.  Without  any  external  assist- 
ance it  goes  on  modelling  the  tissues  and  endowing  them  with  their 
functions  according  to  a  prearranged  pattern,  and  this  power  continues 
throughout  life  ;  so  that  it  often  happe.ns  that,  on  to  middle  life  or  old 
age,  points  of  resemblance  come  out  which  had  not  been  previously 
visible.  Sometimes  a  child  will  resemble  one  parent  most  up  to  puberty, 
and  will  then,  in  undergoing  the  extraordinary  changes  of  that  period, 
come  to  resemble  the  other  more.  The  child  is  not  a  mere  reproduction 
of  its  parents,  but  it  is  as  if  the  mother  and  father  transmitted  to  the 
ovum  certain  forces  inherent  in  themselves  and  derived  from  their 
ancestors.  These  forces  will  be  variously  proportioned  in  each  case,  and 
the  product  will  be  a  very  complex  one.  It  is  quite  impossible  to  tell 
how,  in  any  particular  case,  these  forces  are  mingled,  but  we  can  often 
identify  the  individual  items  as  coming  from  this  or  that  parent. 

A  highly  important  illustration  of  the  truth  of  what  has  been 
adduced  is  aflforded  by  the  facts  connected  with  Twins.  We  have  seen 
that  each  ovum  which  leaves  the  ovary  and  becomes  fertilized  is  thereby 
endowed  with  the  forces  which  mould  it  into  the  future  human  being. 
These  forces  seem  variously  distributed  in  the  ova  and  the  sperma- 
tozoa, so  that  each  ovum  has  them  in  such  varying  proportions  that 
even  the  brothers  and  sisters  of  the  same  family  are  often  very  different. 
But  if  a  single  ovum  produces  two  embryoes  which  are  simultaneously 
fertilized,  then  we  might  expect  that  the  forces  inherent  in  these  two 
embryoes  would  be  much  more  nearly  alike  than  usual,  and  that  in  con- 
sequence the  two  individuals  would  resemble  each  other  more  closely 
than  is  usually  the  case.  And  so  it  is.  There  are  two  kinds  of  twins. 
In  the  one  the  individuals  are  derived  from  separate  ova,  just  as  the 
progeny  of  animals  which  bear  several  young  at  the  same  time  are; 
while  in  the  other  kind  there  is  only  one  ovum,  which  probably 
produces  the  twins  by  fission.  In  the  case  of  tAvins  derived  from 
the  same  ovum  we  may  look  for  close  resemblance,  and  they  will 
always  be  of  the  same  sex.  In  the  other  case,  where  they  arc 
derived  from  separate  ova,  they  may  or  may  not  be  of  the  same 
sex,  and  they  will  not  necessarily  resemble  each  other  more  closely 
than  the  ordinary  brothers  and  sisters  of  a  fiimily.  In  a  well-known 
work  by  Francis  Galton  we  have  a  collection  of  interesting  facts 
in  illustration  of  the  life-history  of  twins.  He  gives  many  anecdotes 
supplied  by  twins  as  to  the  mistakes  made  on  account  of  close  like- 
ness, from  which  it  will  he  gathered  that  the  "  Comedy  of  Errors  "  is 
scarcely  a  burlesque.  The  resemblance  in  many  cases  lasted  through- 
out life,  and  extended  to  the  smallest  matters,  even  of  feeling  and 
thought,  and,  indeed  to  their  illnesses.    From  these  facts  Ave  have 
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demonstrative  proof  that  in  the  fertilized  ovum  we  have  akeady 
inherent  virtually  all  the  finer  details  of  structure  and  function, 
although  many  of  these  only  come  into  effect  in  after-life.  It  will  be 
observed  that  the  sex  is  determined  in  the  ovum. 

2.  Inheritance  of  Structural  and  Physiological  Abnormalities. — 
From  what  has  gone  before  we  have  seen  that  minute  differences  in 
local  structure  are  the  usual  subject  of  inheritance.  Coming  to  more 
considerable  differences  in  structure,  such  as  constitute  more  or  less 
definite  divergences  from  the  normal,  it  is  not  surprising  to  find  that 
they  are  also  inherited. 

A  common  structural  peculiarity  is  webbing  of  the  fingers  or  toes,  and 
this  comparatively  slight  divergence  is  very  distinctly  matter  of  inheri- 
tance. The  author  knows  of  a  case  in  which  the  second  and  third  toes 
of  both  feet  are  imperfectly  separated,  so  that,  although  the  bones  are 
complete,  the  toes  are  united  nearly  to  their  tips  by  webs  of  skin.  This 
peculiarity  existed  in  a  man  who  transmitted  it  to  a  son,  who  died  in 
boyhood,  to  a  grandson,  the  son  of  one  of  his  daughters,  and,  although 
in  a  diminishing  degree,  to  several  great-grandchildren.  Sedgwick,  in  his 
very  elaborate  series  of  papers  in  the  Medico-Chirurgical  Review  for  1861 
and  1863,  adduces  many  cases  of  inheritance  of  supernumerary  digits, 
crooked  fingers,  cleft  iris,  squinting,  etc.  He  gives,  for  instance,  a  case 
in  which  a  supernumerary  finger  was  attached  to  the  outer  side  of  the 
first  phalanx  of  the  little  finger.  The  deformity  had  occurred  for  five 
generations,  and  the  person  under  observation  was  the  fourth  child  of  a 
family,  all  of  whom  except  the  second  were  born  with  this  deformity. 

There  is  also  the  well-established  inheritance  of  Ichthyosis,  the  most 
striking  instance  of  which  is  that  shown  by  the  family  of  Lamberts,  the 
so-called  "  Porcupine  family,"  adduced  by  Darwin  in  his  "Animals  and 
Plants  under  Domestication."  In  the  original  Lambert  the  skin  was 
covered  by  warty  projections  which  were  periodically  moulted.  He  had 
six  sons  and  two  grandsons  similarly  affected,  and  it  is  remarkable  that 
the  inheritance  was  confined  to  the  male  sex,  the  two  grandsons  having 
seven  sisters  who  were  free  of  it.  A  still  more  striking  instance  of  the 
inheritance  of  ichthyosis  is  related  by  Sedgwick.  The  disease  was  ob- 
served in  a  boy  fourteen  years  of  age,  and  on  tracing  his  fiimily  history 
it  was  found  that  he  derived  it  from  his  grandfather.  This  man  had 
been  affected  with  the  disease,  and  it  is  a  striking  example  of  atavism 
or  latency  in  one  generation  that  none  of  his  children  showed  the  disease, 
although  there  were  three  sons  and  three  daughters,  while  of  seven 
grandchildren  (five  males  and  two  females)  four  of  the  males  were 
affected  and  none  of  the  females.  The  affected  males  wore  the  children 
of  daughters  of  the  original  case. 
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Hasmophilia  or  hgemorrhagic  diathesis  depends  on  an  unknown 
structural  peculiarity  either  in  the  blood  or  vessels,  by  virtue  of  which 
bleeding  readily  occurs,  and  when  it  takes  place  is  stopped  with  diffi- 
culty. This  condition  is  in  the  highest  degree  inherited,  and  it  is  so  in 
a  verj^  peculiar  way.  Many  cases  have  been  traced  in  their  connections, 
and  it  appears  that  it  is  never  directly  transmitted.  It  occurs  almost 
alone  in  the  male  sex,  but  a  person  affected  does  not  transmit  it  to  his 
own  sons  but  to  those  of  his  daughters.  It  always  in  this  way  misses 
a  generation,  and  appears  in  the  grandsons  of  the  person  transmitting. 

Daltonism  or  Colour-blindness  is  also  demonstrably  inherited,  and  it 
is  usually  transmitted  in  the  same  peculiar  fashion  as  hfemophilia.  In 
nine  tenths  of  the  cases  Daltonism  occurs  in  the  male  sex,  and  it  is 
usually  transmitted  to  the  grandsons  of  the  original  case  through  his 
daughters.    (Sedgwick,  Wickham  Legg.) 

Diabetes  insipidus  is  another  condition,  which  is  apparently  in- 
herited in  a  remarkable  degree.    In  this  affection  the  person  drinks 
excessively  and  passes  a  large  excess  of  inine.     We  may  presum- 
ably infer  that  the  kidneys  are  unduly  large,  and  we  know  that 
the  bladder  is  unusually  cajaacious.      This  was  proved  in  a  case 
recorded  by  Dr.  Finlayson,  and  was  also  determined  by  Weil  in 
the  cases  to  be  presentlj^  mentioned.    Gee  has  recorded  cases  showing 
that  this  condition  is  hereditary,  l^ut  Weil  records  a  most  remark- 
able instance  of  its  inheritance.    Weil  met  with  a  case,  and  he  set 
himself,  by  hunting  up  and  down  the  country,  to  find  all  about  the 
relatives  of  his  patient,  Avith  the  result  of  producing  a  most  elal)orate 
genealogical  history  of  the  family.    He  traced  ninety  members  of  the 
family  extending  through  four  generations,  seventy  of  Avhom  were  liAang 
at  the  time  of  the  observation.  He  personally  investigated  most  of  these 
seventy  cases.    The  disease  was  traced  to  a  man  called  Johaiui  Peter 
Schwartz,  who  Avas  the  common  ancestor  of  the  familj^,  and  was  born  in 
the  year  1772.    His  descendants  were  five  children,  twenty-nine  grand- 
children, and  fifty-six  great-grandchildren,  in  all  ninety-one  persons.  Of 
these  no  less  ,  than  twenty-three  were  certainly  diabetic,  and  thirteen 
doubtfully  so.    Omitting  the  doubtful  cases  altogether,  there  remain 
seventy-eight  persons,  of  whom  twenty-three  were  affected,  or  30  per 
cent.    According  to  AVeil  this  coiidition  was  perfectly  consistent  AAath 
good  health.    They  were  evidently  prolific  enough  and  generally  long 
livers.    The  original  Schwartz  lived  to  be  eighty-three,  and  of  his  three 
daughters  one  died  at  seventy-four,  and  the  other  two  were  still  alive  at 
the  time  of  observation,  being  respectively  seventy-six  and  sixty-seven 
years  of  age. 

The  fiicts  hitherto  adduced  suffice  to  show  that,  in  accordance  Avith 
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whut  we  find  in  regard  to  normal  diftercnces  in  structure,  abrioi'mal 
peculiarities  in  structure  or  function  are  also  subject  to  inheritance. 
It  now  remains  to  show  on  a  similar  basis  oi'  fact  that  susceptibilities  to 
disease  are  also  matters  of  inheritance,  and  that  the  varying  suscepti- 
Inlities  of  different  persons  depend  on  peculiarities,  which  cannot  be, 
perhaps,  demonstrated  like  those  given  above,  but  which  frequently 
coexist  at  least  with  definite  peculiarities  of  structure. 

3.  Inheritance  of  Susceptibilities  or  Predispositions  to  Disease. — 
We  have  seen  that  certain  forms  of  disease  are  due  to  the  action  of 
morbid  poisons,  which,  obtaining  an  entrance  into  the  body,  multiply 
there  and  give  rise  to  certain  phenomena.  In  the  case  of  some  of 
these  diseases  microbes  have  been  demonstrated  as  the  immediate 
vehicles  or  sources  of  the  morbid  poisons.  It  is  matter  of  frequent 
observation  that  different  persons  are  very  variously  susceptible  to 
diseases  of  this  class,  and  it  is  an  imjjortant  fact  that  inheritance  jjlays 
an  important  part  in  determining  the  varying  degrees  of  susceptibility. 

Race  is  an  important  factor  in  determining  the  susceptibilitj^  to  this 
class  of  diseases.  A  striking  experimental  illustration  of  this  has  been 
afforded  by  Koch.  He  found  that  by  inoculating  mice  with  jjutrefying 
blood  he  could  induce  a  specific  acute  fever,  which  was  exceedingly 
fixtal,  the  animals  dying  in  from  forty  to  sixty  hours  after  inoculation. 
The  disease  thus  induced  is  exceedingly  infectious,  so  that  the  most 
minute  portion  of  blood  from  a  mouse  which  has  died  of  it  suflSccs  to 
produce  the  disease  when  inoculated  into  a  healthy  mouse.  It  is  a  fact 
of  great  importance  that,  while  this  is  the  case  in  the  ordinaiy  mouse, 
yet  the  field  mouse,  so  similar  that  it  is  scarcely  distinguishable  at 
a  first  glance,  is  absolutely  insusceptiljlc.  Koch  ascribes  this  to 
differences  in  the  blood  of  the  two  animals,  the  existence  of  marked 
<lifferences  being  shown  by  the  fact  that  the  blood  of  the  field  mouse 
readily  produces,  from  the  red  corpuscles,  hexagonal  crystals,  while  that 
of  the  ordinary  mouse  does  not.  Whatever  the  diflerence  may  be,  we 
have  here  an  exami^le  of  comparatively  slight  peculiitrities  producing  the 
most  profoiuid  difference  in  susceptibility. 

A  similar  but  less  extrcnu;  dilfcrence  is  noted  by  Chauveau  in  the 
susceptibility  of  sheep  to  a,nthrax.  This  disease  may  be  produced 
readily  by  inoculation  in  most  animals,  and  in  sheep  among  the  rest. 
I>ut  it  ap])ears  that  it  is  much  riioi'e  difficult  to  produce  it  in  Algerian 
sheep  than  in  ordinary  breeds,  a,  larger  dose  being  re(pured.  The  racial 
peculiarities  of  this  breed  determine  a  striking  difference  in  susceptil)ility. 
Pasteur  found  a  similar  difference  in  l  elatioii  to  the  ]ioison  of  chicken 
cholera  aniorigst  the  different  lirecds  of  fowls.  (Ordinary  fowls  are  highly 
susccptil)le,  but  tliose  of  the  (,'ocbiii  China  bi'eed  are  hardly  at  all  so. 
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In  man  similar  racial  differences  of  susceptibility  are  observable.  In 
a  certain  sense  the  "  plague  of  lice  "  is  a  serious  disease,  and  it  is  highly 
infectious.  According  to  Murray  (quoted  by  Darwin)  the  different 
races  of  men  present  great  differences  in  the  species  of  pediculi  which 
infest  them,  and  when  those  of  one  race  stray  on  to  the  bodies  of  persons 
of  a  different  one  they  generally  survive  only  a  few  days.  A  structural 
or  physiological  peculiarity  of  the  skin  connected  with  the  differences 
of  race  determines  the  susceptibility  to  the  attacks  of  the  parasite. 

Race  has  much  to  do  with  the  susceptibility  to  Yellow  fever.  There 
is  abundant  evidence  that  negroes  are  almost  entirely  insusceptible  to 
this  disease,  which  is  so  virulent  in  white  men.  The  immunity  of  the 
negro  is  not  due  to  his  having  lived  for  generations  in  countries  where 
yellow  fever  prevails,  because  it  is  manifest  when  negroes  are  brought 
from  parts  of  Africa  where  yellow  fever  is  unknown.  The  absence  of 
susceptibility  extends  to  persons  partly  of  negro  descent,  generally  in 
proportion  to  the  amount  of  the  negro  in  their  constitution.  Negroes 
seem  also  to  have  considerably  less  susceptibility  to  Malarial  fevers 
than  the  white  races. 

On  the  other  hand,  negroes  are  more  susceptible  to  Small-pox  than 
Europeans,  and  it  generally  attacks  them  in  a  more  virulent  form. 
They  are  also  more  susceptible  to  Cholera. 

We  may  infer,  therefore,  that  along  with  differences  of  race  there  go 
peculiarities  of  structure  and  function  which  determine  differences  of 
susceptibility. 

Family  peculiarities  are  of  the  same  nature  as  racial  ones,  the  latter 
being,  probably,  in  their  origin  derived  from  the  former.  There  are 
great  and  manifest  differences  among  families  in  susceptibility  to  morbid 
poisons.  There  are  many  facts  in  existence  which  show  that  scarlet 
fever  and  diphtheria  are  special  scourges  in  particular  families.  Again 
Tuberculosis  of  the  lungs  is  acknowledged  by  almost  all  authorities  to 
prevail  in  families,  so  much  so  that  authors  use  the  expression  "  family 
phthisis."  It  is  difficult  in  the  case  of  families  to  trace  them  through  a 
sufficient  number  of  generations,  but  such  facts  as  those  just  indicated 
show  that  the  peculiarities  of  structure  which  make  fimiily  and  indi- 
vidual distinctions  are  co-related  to  differences  in  susceptibility  to  the 
class  of  diseases  under  consideration. 

III. -INFLUENCE  OF  AGE  AND  SEX  IN  THE  CAUSATION  OF  DISEASE. 

It  will  be  understood  from  A\h!it  has  gone  liefore  that  age  and  sex 
will  affect  the  causation  of  disease  only  by  increasing  or  diminishing  the 
susceptibility  to  certain  diseases. 
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The  first  weeks  and  months  of  life  are  the  most  ftital,  so  much  so  that 
about  a  fourth  of  the  children  born  die  within  the  first  year,  while  in 
many  towns  more  than  half  the  deaths  are  of  children  under  a  year  old. 
There  are  various  explanations  of  this,  perhaps  the  chief  being  that  the 
helpless  infant  can  scarcely  let  its  wants  be  known,  and,  being  dependent 
on  the  care  of  others,  is  more  susceptible  to  all  sorts  of  accidental 
external  influences.  Hence  it  is  that  the  children  of  the  well-to-do  are 
much  less  affected  by  disease  than  those  of  poorer  parents,  while  ille- 
sritimate  children  who  receive  least  care  are  much  more  liable  to  disease 
and  death  than  those  born  in  wedlock.  Besides  this,  however,  there 
are  other  conditions  of  susceptibility.  The  child,  emerging  from  the 
protection  and  warmth  of  the  uterus,  undergoes  a  sudden  transformation 
in  its  circulation  and  nutrition,  and  at  the  same  time  has  to  cope  with 
physical  conditions,  chiefly  mechanical  and  thermal,  which  are  new  to 
it.  The  first  days  and  weeks  of  life  are  therefore  the  most  trying  to  the 
child.  In  the  child,  again,  the  tissues  are  growing,  and  have  the 
double  duty  of  nutrition  and  growth  thrown  upon  them.  They  are 
therefore  more  liable  to  derangement  than  those  of  adults,  although 
they  possess  greater  powers  of  restoration  when  damage  is  done.  The 
smaller  bulk  of  the  child's  body,  also,  renders  it  more  susceptible  to 
changes  of  temperature,  so  that  cold  will  penetrate  more  deeply  into  its 
tissues  than  into  those  of  adults,  a.  fact  which  is  not  always  remembered 
in  the  clothing  of  children.  Besides  all  this  the  bodies  of  children  pre- 
sent, as  it  were,  a  virgin  soil  for  the  propagation  of  the  various  morbid 
poisons.  The  children  of  the  poor  can  scarcely  escape  exposure  to  the 
ordinary  infectious  diseases,  and  their  bodies  are  apparently  very 
susceptible  to  these  influences.  A  striking  illustration  of  this 
statement  lies  in  the  fact  that,  in  Glasgow,  whooping-cough  is 
the  cause  of  more  deaths  in  children  than  is  any  other  communi- 
cable disease  (Russell).  Even  tuberculosis,  which  is  not  in  the 
proper  sense  infectious,  is  exceedingly  prevalent  in  children,  and  is 
much  more  liable  to  extend  beyond  its  primary  local  seat  than  in 
adults ;  as  if  the  tissues  of  children  afforded  a  better  nidus  for  the 
infective  agent. 

The  greatest  liability  to  disease  is  in  the  first  year  of  life,  and  it 
diminishes  from  the  first  year  to  the  eighth.  From  the  eighth  till  the 
eighteenth  year  the  liability  to  disease  increases,  but  diminishes  after 
the  latter  age,  reaching  a  minimum  between  twenty-four  and  thirty,  to 
increase  from  that  point  onwards.  The  mortality  by  no  means  follows 
the  lial^lity  to  disease.  It  is,  indeed,  greatest  in  the  first  year,  dimin- 
ishing from  that  period  onwards.  The  dimitnitioti,  however,  docs  not 
cease  at  the  eighth  year,  but  goes  on  till  adult  life,  the  minimum  being 
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between  the  ages  of  twenty  and  forty -five.  After  the  latter  age  the 
death-rate  rises  regularly  but  slowly. 

The  increase  of  disease  from  the  eighth  to  the  eighteenth  years  is 
related  to  the  fact  that  these  are,  in  general,  the  years  of  school-life  and 
include  the  time  of  puberty.  School  not  only,  by  exposure  in  going  and 
coming  and  sometimes  by  too  prolonged  confinement,  renders  the  body 
less  resistant,  but  also  exposes  children  to  infection.  The  period  of 
puberty,  involving  serious  changes  in  the  bodily  functions,  is  liable  to 
induce  a  general  weakness  of  the  body,  and  also  exposes  females  to 
the  special  affections  of  menstruation. 

In  advanced  life,  the  body  is  liable  to  diseases  which  imply  decadence 
or  senility  of  the  tissues.  The  bones  are  more  brittle  by  reason  of  a 
diminution  in  their  animal  constituents,  and  hence  are  liable  to  give 
way  under  a  less  severe  mechanical  strain  than  ordinary  bones  are.  The 
blood-vessels  are  more  subject  to  senile  changes  affecting  their  liability  to 
disease  than  a,nj  other  tissues,  and  age  is  more  potent  in  the  causation 
of  these  diseases  than  any  other  factor.  Aflfections  of  the  brain  are  fre- 
quent in  old  persons,  but  nearly  all  of  these  depend  on  the  condition  of 
the  blood-vessels  and  are  not  primarily  diseases  of  the  brain.  Cancer  is 
very  specially  a  disease  of  middle  and  advanced  life,  but  not  of  old  age. 
It  is  characterized  by  an  excessive  growth  of  the  epithelial  tissues,  and 
it  is  difficult  to  explain  how  this  should  occur  preponderatingly  at  an 
age  beyond  that  of  greatest  vigour  unless  on  the  assumption  that,  so  long 
as  the  surrounding  tissues  remain  vigorous,  they  restrain  any  tendency 
in  the  epithelial  tissues  to  grow  to  excess. 

Sex  influences  the  liability  to  disease  in  several  ways.  Diseases  of 
the  generative  organs  are  of  course  distinctive  in  the  two  sexes.  The 
tissues  of  the  male  being,  as  a  rule,  larger  and  firmer,  they  might  be 
expected  to  offer  more  resistance  to  the  external  forces,  but  this  is  very 
doubtfully  the  case,  and  at  nearly  all  periods  of  life  the  female  is  less 
susceptible  to  disease  than  the  male.  It  is  a  remarkable  fact  that, 
apparently  in  all  lands,  there  are  more  male  than  female  children  born 
(in  the  proportion  of  103-105  boys  to  100  girls).  But  this  disproportion 
begins  to  be  reduced  at  the  very  point  of  birth,  by  the  fact  that  more 
males  are  still-born  than  females  (in  the  proportion  of  11 : 10).  This  is 
apparently  due  to  the  fact  that  male  children  are  on  the  average  more 
bulky— especially  have  larger  heads,  than  females,  and  are  therefore 
more  exposed  to  the  accidents  of  parturition.  Even  after  birth  the 
females  show  less  liability  to  disease,  so  that  by  the  end  of  the  first  year 
the  sexes  are  already  equal  in  numbers.  Throughout  the  remaining  years 
of  life  the  females  are,  at  all  ages,  usually  in  the  majority.  Even  the 
dangers  of  childbearing  do  not  reverse  the  balance,  as  the  risks  are 
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counterbalanced  by  the  greater  exposure  of  men  during  the  correspond- 
ing years  of  life,  to  accident  and  injury  in  the  jmrsuance  of  their 
occupations. 

TERMINATIONS  OF  DISEASE. 

The  termination  of  disease  is  in  recovery  or  death.  The  recovery 
may  be  mixch  prolonged  and  only  partial,  or  death  may  ensue  only  after 
a  long  struggle. 

Recovery  from  disease. — It  has  been  indicated  above  that  disease  is 
due  to  an  interference  from  without  with  the  normal  physiological  jjro- 
eesses,  or  to  an  abnormal  construction  or  tendency  in  the  living  tissues. 
The  existence  of  such  interference  or  tendency  does  not  abolish  the 
normal  functions,  but  rather,  in  many  cases,  stimulates  them  to  increased 
activity.  The  healthy  tissues  are  continually  engaged  in  dealing  with 
external  forces,  and  are  generally  successful  in  so  doing ;  and,  in  cases 
where  the  external  forces  have  for  the  moment  obtained  the  supremacy, 
the  tissues  are  frequently  stimulated  to  exceptional  vigour,  so  as  to  over- 
come the  interfering  agent.  As  already  indicated,  many  of  the  pheno- 
mena of  disease  are  really  due  to  the  reaction  of  the  tissues  against  the 
agent  producing  the  disease.  There  is  therefore  on  the  part  of  nature 
an  attempt  to  get  rid  of  the  disease,  a  natural  tendency  towards  re- 
covery. This  tendency  is  expressed  in  the  aphorism  vis  medicatrix 
naturae,  this  expression  implying  that  nature  possesses  a  power  of 
healing. 

It  will  follow  from  this  that  recovery  is  more  apt  to  occur  when 
the  disease  is  due  to  the  direct  action  of  the  external  forces.  In  all 
diseases  due  to  the  physical  forces,  such  as  wounds,  fractures,  biu'ns,  etc., 
the  tissues  at  once  set  to  work  to  repair  the  injury,  and  in  most  cases 
with  cojisiderable  success.  In  the  treatment  of  such  diseases  the  en- 
deavour is  made  to  place  the  parts  under  as  favourable  circumstances  as 
possible  for  nature  to  do  its  part.  In  the  case  of  diseases  due  to  morbid 
poisons,  again,  we  see  usually  an  effort  on  the  part  of  nature  to  overcome 
the  morbid  agent.  According  to  one  theory  the  elevation  of  temperature, 
which  is  characteristic  of  fever,  is  a  means  of  destroying  the  morbific- 
agent,  and  at  any  rate,  in  most  cases,  the  noi  mal  forces,  after  a  time  re- 
assert themselves,  and  the  patient  recovers.  In  some  cases,  on  the  other 
hand,  the  disease  kee2)S  on  advancing  with  very  little  check  on  the  part 
of  the  tissues.  It  will  be  found  that  when  tliis  is  the  case  there  has 
generally  existed  a  sjjccial  suscc[)til)i]ity  to  the  disease,  and  that  the 
attack  of  the  morbific  agent  has,  as  it  were,  been  invited  by  the  special 


26 


NATURE,  CAUSATION,  AND  TERMINATIONS  OF  DISEASE. 


condition  of  the  person.  If,  after  the  morbid  process  has  been  estab- 
lished, the  susceptibility  remains,  the  disease  is  likelj'-  to  remain  and 
extend.  In  tuberculosis  this  seems  peculiarly  the  case,  and  it  is  only  by 
Ijrofoundly  altering  the  conditions  of  life  that  we  are  able,  as  a  general 
rule,  to  bring  about  an  arrest  of  the  process,  without  the  actual  removal 
of  the  morbific  agent.  It  may,  perhaps,  be  hoped,  that  in  the  case  of 
infective  diseases,  medicinal  agents  may  be  discovered  which  -will  directly 
attack  the  morbific  agent,  but  except  in  the  case  of  syphilis  and  malarial 
fevers,  such  a  discovery  has  not  yet  been  made. 

The  tendency  to  recovery  is  much  less  in  diseases  due  to  causes  in  the 
tissues  themselves.  Malformations  may  be  partially  rectified  during  the 
processes  of  development  and  growth,  but  they  will  rarely  be  completely 
recovered  from.  Tumours  generally  continue  their  growth  without 
reference  to  the  activities  of  the  tissues.  The  diseases  due  to  decadence 
of  the  tissues  are  seldom  the  subjects  of  spontaneous  recovery. 

Death  is  the  unfortunate  termination  of  many  diseases,  but  the 
tendency  to  death  is  frequently  more  an  accidental  circumstance  than  a 
necessary  part  of  the  phenomena  of  the  disease. 

Life  may  persist  along  with  the  abolition  of  many  of  the  functions  of 
the  body.  If  the  respiration  and  circulation  persist,  the  remaining 
functions,  even  those  of  the  brain,  may  be  in  abeyance  and  yet  the  per- 
son may  survive.  If  we  look  at  the  actual  process  of  dying  we  shall 
find  that  in  most  cases  the  heart  or  the  respiratory  movements  first 
give  way,  although  in  some  instances  it  may  be  difficiilt  to  determine 
which  has  first  ceased.  According  to  Bichat  there  are  three  modes  of 
death,  namely,  by  the  brain,  by  the  lungs,  and  by  the  heart,  but  from 
what  has  been  noted  above  it  is  clear  that  these  may  be  included  in  the 
two  mentioned. 

Death  by  the  lungs  will  be  due  to  failure  in  the  respiratory  move- 
ments. This  may  occur  suddenly  by  paralysis  of  -the  respiratory  centre 
in  the  medulla  oblongata,  as  in  haemorrhages  in  the  brain,  but  for  the 
most  part  it  occurs  gradually  from  exhaustion  of  the  respiratory  centre, 
and  is  then  called  death  by  Asphyxia.  Such  exhaustion  will  ensue 
when,  from  obstruction  of  the  air  passages  or  vitiation  of  the  air,  the 
respiration  has  been  for  a  time  carried  on  with  great  ditficulty. 

Death  by  failure  of  the  heart's  action  is  probably  a  more  frequent 
mode  of  death.  It  may  be  the  result  of  irritation  of  the  vagus  centre  in 
the  medulla  oblongata  from  injury  to  the  brain,  though  in  this  case  the 
failure  of  the  heart  may  be  simultaneous  with  cessation  of  respiration. 
This  form  of  paralysis  of  the  heart,  however,  is  of  rare  occurrence. 
Again,  a  sudden  reflex  paralysis  of  the  heart  from  shock  may 
occur.    There  may  also  l3e  death  from  faihu-e  of  the  heart  due  to 
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disease  in  the  organ  itself,  and  here  also  the  death  is  very  often  sudden. 
A  frequent  cause  of  sudden  death,  for  instance,  is  obstruction  of  a  branch 
of  the  coronary  artery.  This  may  lead  to  such  derangement  of  the 
luitritiou  of  the  heart's  muscle  as  to  cause  paralysis  and  cessation  of  its 
contractions. 

But  cessation  of  the  heart's  action  is  often  the  mode  of  death  when 
the  seat  of  disease  is  distant  from  that  organ  or  its  nervous  apparatus. 
In  that  case  the  heart  is  affected  secondarily.  It  is  weakened  it  may  be 
by  the  condition  of  the  blood  being  altered,  so  that  the  requisite  amount 
of  nutriment  is  no  longer  afforded  to  the  heart ;  or  it  may  be  injured  by 
the  blood  being  increased  in  temperature  or  contaminated  by  abnormal 
products.  In  these  cases  the  heart  partakes  in  the  general  weakening 
of  the  body,  and  gradually  ceases  to  contract. 

Failure  of  the  heart  has  an  immediate  effect  on  the  circulation  in  the 
lungs,  and  we  shall  see  afterwards  that  osdema  of  the  lungs  is  one  of 
the  most  constant  effects  of  this  condition.  QEdema  of  the  lungs,  on  the 
other  hand,  with  exudation  of  fluid  into  the  lung  alveoli,  which 
passes  on  into  the  air  passages,  obstructs  the  respiration.  The  laboured 
breathing  and  rattle  in  the  throat,  which  are  so  frequent  in  the  last 
stages  of  disease,  are  the  usual  signs  of  oedema  of  the  lungs,  so  that 
although  these  signs  call  attention  to  the  respiratory  organs,  the  real 
])rimary  failure  may  be  in  the  heart. 

It  will  be  seen  that  the  proclivity  to  death  in  the  various  forms  of 
disease  will  depend  on  the  degree  to  which  the  disease  affects  the 
respiration  or  the  heart's  action,  but  more  particularly  the  latter.  In 
this  view  of  it  the  actual  question  of  death  or  survival  will  frequently 
depend  on  the  staying  power  of  the  heart.  The  ability  of  the  heart  to 
continue  its  contractions  during  the  most  severe  period  of  an  illness  will 
frequently  determine  whether  the  person  is  to  die  or  recover.  This  is 
an  important  point  to  keep  in  mind  in  actual  practice.  There  are  great 
differences  in  the  staying  power  of  the  heart  in  different  persons,  and  so 
there  are  great  differences  in  the  fatality  of  the  same  diseases.  The 
ability  of  the  heart,  like  other  local  conditions,  is  largely  detei^mined  by 
inheritance.  It  is  probably  one  of  the  main  factors  in  determining  the 
<luration  of  life.  Longevity  depends  probably  more  on  the  character  of 
the  heart  than  on  any  other  single  factor. 

Literature. — John  Hunteh,  Lect.  on  Principles  of  Surgery,  in  vol.  i.  of 
Works  edited  by  Palmer,  183.5  :  Uhle  und  Waoneh,  Allg.  Path.,  5th  ed.,  187*2. 
IiiJieri/aiicR. — Coath,  in  Lancet,  Jan.  7,  14,  and  21,  1888 ;  Gai/i'on, 
Inquiries  into  Human  Faculty,  1883  ;  KijEinwachteii,  Die  Lehre  von  d. 
Zwillingen ;  Hedowick,  Med.  Chir.  Review,  1801  and  1803 ;  Wickhari  liWoo, 
at.  Barth.  Hosp.  Rep.,  1881 ;  Finlayson,  Glaag.  Med.  Jour.,  July,  1882,  and  Jan., 
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1881 ;  Gee,  St.  Barth.  Hosp.  Kep.,  1877 ;  Weil,  Virchow's  Arch.,  vol.  xcv., 
1884,  p.  70 ;  Koch,  Traumatic  Infective  Di.seases,  Syd.  See,  1880 ;  Chauveau, 
Comptes  Eendus,  1880  ;  Pasteuk,  Bur  la  cholera  de.s  poules,  Comptes  Eendus, 
1880;  D.VEWiN,  Descent  of  Man,  2nd  ed.,  1874,  p.  169.  At/e  and  ,Sea;.— See 
especially  Quetelet,  various  works  on  physical  conditions  and  causes  of  death, 
with  statistics ;  Humphbey,  Eeports  and  Articles  on  Diseases  of  Old  Persons,  in 
Brit.  Med.  Joiu-.,  Dec.  11,  1886  (Table  of  Centenarians),  March  5,  July  .SO,  1887, 
March  10,  1888;  Eussell,  Proceedings,  Phil.  Soc.  Glasg.,  xix.,  1888;  Chabcot, 
Clin.  Lect.  on  Senile  and  Chronic  Diseases,  Syd.  Soc.  transl.,  1881.  Cannes  of 
Death. — Bichat — Eeoh.  phys.  sur  la  vie  et  la  mort.,  in  Encycl.  des  Sc.  Med., 
1835  ;  Hilton  Fagge,  Practice  of  Medicine,  1886,  vol.  i.,  7. 
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SECTION  II. 

TEEATOLOGY. 
GENERAL  MALFOEMATIONS.  MONSTEOSITIES. 

IxTRODUCTio.v. — Definition  of  terms  and  groiqnug.  CcnmUion  of  monstrosities. 
I.  Monstrosities  by  exckss,  in  size  or  nvmljer.  A.  By  excess  in  size,  rjiants, 
local  hypertrophies.  B.  By  excess  in  number — Fission  of  embryo.  I.  Com- 
plete fission,  tiains,  with  subsequent  partial  union  {I)  of  xiphoid,  (2)  of  thorax, 
(3)  of  thorax  and  head,  (4)  of  crania,  (5)  of  'pi-lvis.  II.  Ahcaudal  fission  :  (1) 
head  single,  and  bodies  equal;  (2)  head  single,  one  body  undeveloped  and 
parasitic;  {3)  fission  of  pelvis  and  legs.  III.  Abcranial  fission  :  (1)  partial 
fission  of  head — double  face  ;  (2)  complete  division  of  head — double -head  ;  (3)  one 
division  undeveloped  and  piarasitic ;  {4l)  supernumerary  arms.  IV.  Fission  both 
ahcaudal  and  abcranial.  V.  Double  fission,  triple  monsters.  VI.  Reduplication 
of  parts.  II.  Monstrosities  BY  DEFECT  iH.  .s^e  or /orma</o?<.  A.  Defect  in 
size — Dwarfs.  B.  Defects  in  formation.  1 .  From  imperfect  closure  of  cerebro- 
spinal canal :  (1)  Brain  absent,  Anencephahis  ;  (2)  brain  displaced — Encepha- 
locele,  Hernia  cerebri  ;  (S)  Brain  defective— Cyclopia  ;  (4)  verterbral  canal  and 
cord  imperfect — Spina  bifida.  J  I.  Imperfect  closure  of  visceral  arches  :  (1)  facial 
clefts;  (2)  congenital  fistula  of  neck;  (3)  defective  closure  of  thorax ;  (4)  of 
abdomen.  II  I.  Defect  of  orifices  and  canals.  I V.  A  bsence  or  d.efect  of  extremi- 
ties.     III.  Aberrant  yLot^S'V'ROS,n:iE.s,  chiefly  transposition  of  viscera. 

INTBODUCTION. 

'J^HE  conditions  to  be  considered  here  are  all  referrible  to  errors  in 
the  development  of  the  embryo.  They  are  to  be  traced  to  causes 
acting  on  the  embryo  and  causing  it  to  deviate  in  its  formation  either 
as  a  whole  or  in  part  from  the  normal.  Malformations  may  consist 
merely  in  slight  local  deviations  from  the  regular  type,  as  whore  a. 
muscle  or  a  blood-vessel  has  abnormid  relations,  in  which  case  the  term 
Anomaly  is  frc(|uently  used.  On  the  other  liand,  they  may  affect  the 
body  as  a  whole  and  may  be  such  as  to  produce  the  most  serious 
deformities,  many  of  them  quite  incompatible  with  life.  In  that  case 
the  term  Monstrosity  is  frequently  used.  It  is  with  these  latter  that 
we  arc  chiefly  concerned  here.  The  malformations  of  individual  organs 
will  be  referred  to  in  th(!ir  places,  but  in  this  genei'al  section  we  have 


30 


TERATOLOGY — GENKRAL  MALFORMATIONS. 


chiefly  to  consider  those  which  aifect  the  body  as  a  whole  or  the  more 
important  parts  of  it.  The  science  of  monstrosities  or  Teratology  is  a 
very  wide  one  :  it  will  only  be  possible  here  to  give  a  general  outline  of  it. 

The  congenital  malformations  form  only  a  part  ,  of  the  congenital 
diseases  (see  p.  15).  In  some  of  the  latter  we  have  simply  the  ordinary 
pathological  changes  such  as  are  met  with  in  extra-uterine  life,  but  they 
have  happened  to  occur  in  the  foetus.  In  the  case  of  malformations, 
on  the  other  hand,  the  structure  of  the  tissues  in  themselves  is  normal, 
but  there  is  an  erroneous  arrangement  owing  to  some  interference 
occurring  during  the  period  of  development. 

The  malformations  are  divisible  into  three  great  groups.    These  are 
malformations  by  excess,  by  defect,  and  by  peculiarity  of  form. 

Malformations  by  excess  are  divisible  according  as  the  size  or  the 
number   of  parts   is  in  excess.      There  may  be  a   general  exces- 
.sive  size  of  the  whole  body  or  of  some  of  its  parts,  but  such  gigantic 
formation  is  uncommon.    Much  more  common  is  numerical  excess, 
consisting  in  a  doubling  or  even  in  a  trebling  of  the  body  as  a  whole  or 
•of  its  parts.    A  large  group  of  malformations  is  included  luider  the 
name  of  double  monsters,  in  which  a  considerable  portion  of  the  body 
is  doubled,  or  there  are  tM'-o  complete  bodies  joined  together.  Malfor- 
mations by  defect  occur  either  in  the  form  of  actual  deficiency  or  small- 
ness  of  parts,  or  else  of  hindered  or  checked  development.  In  the  latter 
case  the  parts  may  be  of  full  size,  but  they  represent  some  period  of 
embryonic  life  and  not  that  of  full  development ;  thus,  structures  which 
are  formed  separately  in  the  embryo  in  order  afterwards  to  unite  and 
form  single  structures  may  fail  to  do  so,  and  clefts  or  fissures  may  be 
the  result.     Malformations  by  peculiarity  of  form,  or  Aberrant  malfor- 
mations, are  local  anomalies  in  which  without  any  actual  defect  the 
development  has  taken  a  different  course  from  the  normal,  structures 
which  usually  atrophy  as  development  proceeds  perhaps  continuing  to 
grow,  while  those  which  usually  develop  completely  are  atrophied. 
Many  malformations  of  the  heart  and  vessels  and  of  the  generative 
organs  belong  to  this  class,  which  also  includes  many  local  anomalies." 
These  latter  do  not  fall  to  be  described  in  this  section. 

Causation  of  Malformations.— As  the  malformations  take  origin  in 
the  embryo  at  comparatively  early  stages  of  its  development,  it  must  be 
generally  difficult  to  trace  the  exact  natvure  of  the  cause,  but  there  are 
at  least  some  indications  of  the  kinds  of  causative  agents. 

In  the  case  of  the  malformations  by  excess  we  must  suppose  an 
excessive  stimulation  of  the  embryo  at  an  early  period  of  development, 
but  the  nature  of  the  stimulation  is  difficult  to  determine.  It  may  here 
be  pointed  out,  that  in  certain  of  the  lower  animals  which  are  capable  of 
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restoring  lost  parts  there  is  sometimes  a  reduplication  of  the  parts 
reproduced.  Thus  in  the  case  of  the  lizard,  when  the  tail  is  broken  ofi', 
there  may  be  two  or  three  tails  instead  of  one  rejjroduced.  In  the 
salamander  also,  when  the  foot  or  hand  is  amputated  or  divided 
longitudinally,  there  may  be  a  new  formation  of  one  or  more  super- 
mimerary  fingers.  In  these  cases  the  stimulation  of  the  wound,  in  which 
the  germinal  tissue  is  forming  a  new  member,  results  in  the  reduplication 
of  the  member.  In  a  similar  fashion  the  over-stimulation  of  the  embryo 
may  induce  it  to  a  reduplication,  which  will  affect  the  whole  body  or 
parts  of  it,  according  to  the  period  and  locality  of  its  application.  The 
stimulus  may  in  some  cases  be  related  to  the  activity  of  the  ovum  and 
spermatozoa  respectively,  but  there  is  reason  to  believe  that  external 
stimulation  may  in  some  cases  have  important  influences.  Thus 
Gerlach  asserts  that  by  varnishing  an  egg  so  as  to  leave  only  a  certain 
selected  part  free  for  the  penetration  of  air  he  succeeded  in  certain  cases 
in  producing  a  doubling  of  the  anterior  extremity  of  the  chick.  Panum, 
Dareste,  and  others  have  also  produced  malformations  by  varnishing, 
by  variations  of  temperature,  and  by  placing  the  eggs  vertically. 

In  the  causation  of  malformations  by  defect,  it  may  be  that  deficiency 
in  the  ordinary  stimulus  inherent  in  the  ovum  takes  part  in  the  pro- 
duction of  some  forms,  but  many  of  them  can  be  traced  to  disease  of 
the  embryo  or  its  coverings.  Thus  important  malformations  result 
from  accumulations  of  fluid  or  dropsies  in  the  cavities  of  the  embryo, 
more  especially  the  cerebro-spinal  canal.  This  leads  to  defects  and  other 
changes  in  the  central  nervous  system  and  its  bony  case.  Abnormal 
adhesions,  usually  produced  by  inflammations,  also  produce  malfor- 
mations, partly  by  holding  back  the  expanding  structures,  jjartly  by 
causing  obstruction  of  orifices  and  otherwise.  There  are  also  strangula- 
tions and  even  amputations  of  parts  by  the  umbilical  cord  or  by  threads 
accidentally  formed.  In  these  various  forms  of  disease  the  starting 
point  may  be  injuries  to  the  fcetus,  sometimes  from  blows  on  the  uterus 
or  violent  movements  on  the  part  of  the  mother. 

Inheritance  has  little  influence  in  the  causation  of  malformations. 
In  the  case  of  the  slighter  forms  or  anomalies,  such  as  supernumerary 
digits,  inheritance  has  a  most  marked  influence,  but  in  the  monstrosities 
proper  it  has  little  or  no  effect.  There  may  possibly  be  a  hereditary 
excess  or  defect  in  the  inherent  stimulus  of  the  embryo,  and  the 
ultimate  size  of  the  individual  is  determined  by  its  inherited  endow- 
ments. The  more  considerable  malformations,  however,  seem  to  be 
more  dependent  on  accidental  or  local  circumstances. 

Sudden  frights  or  shocks  are  often  assigned  jjopularly  as  the  causes 
of  malformations.     The  sight  of  a  person  with  harelip  or  with  an 
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amputated  limb,  l)y  the  mother,  is  supposed  to  give  rise  to  a  like 
malformation  in  the  foetus,  or  even  a  simple  fright  is  stated  as  the  cause. 
There  is,  however,  little  basis  for  this  opinion,  and  the  assigned  cause 
often  happens  at  a  period  of  pregnancy  when  the  malformation  must 
have  been  already  present.  Most  of  the  malformations,  as  we  have 
seen,  are  referrible  to  the  early  periods  when  perhaps  the  mother  is  as 
yet  ignorant  of  the  existence  of  pregnancy. 

Classification.— The  malformations  form  a  regular  scries,  and  subject 
themselves  to  a  classification  on  comparatively  simple  lines.  Most  of 
the  systems  are  based  on  that  laid  down  by  Foerster,  which  has  been 
already  indicated  above.  Cleland  has  suggested  a  classification  which 
follows  somewhat  on  Foerster's  lines,  taking  more  account,  however,  of 
the  causation  of  the  lesions.  This  classification  mil  be  in  general 
followed. 

The  author  is  indebted  to  Professor  Cleland  for  many  valuable  suggestions  in 
regard  especially  to  the  causation  and  classification  of  monstrosities.  These  sugges- 
tions are  contained  in  several  monographs  on  specific  examples  of  malfonnation 
(see  Literature),  and  in  a  volume  of  Memoirs  and  Memoranda,  by  Professor  Cleland 
and  his  assistants.  In  his  classification  the  author  has  made  great  use  of  a  paper  in 
the  latter  volume  in  which  a  suggested  classification  is  tabulated. 


I.— MONSTROSITIES  BY  EXCESS. 

The  excess  may  be  either  in  size  or  in  number,  and  these  again  maj- 
affect  the  bodj'  as  a  whole  or  individual  parts. 

A.— Monstrosities  by  Excess  in  Size. 

1.  General  hypertrophyof  the  body:  Giants.— AVe  include  here  persons 
who  greatly  exceed  in  height  the  stature  of  ordinary  men.  As  a  rule  a 
man  who  measures  7  feet  and  upwards  is  counted  a  giant ;  there  are 
cases  on  record  from  7  to  8  feet  in  height,  and  even  up  to  9  feet, 
although  many  of  the  accounts  are  doubtful.  The  excess  in  growth  is 
chiefiy^'of  the  osseous  system,  and  especially  in  the  legs,  but  the  other 
bodily  structures  are  also  in  excess.  In  some  cases  sexual  maturity  is 
delayed  or  remains  absent,  and  most  giants  become  prematurely  old  and 
do  not  live  long. 

2.  Local  hypertrophies.— Excessive  groArth  of  one  half  of  the  body 
is  a  rare  form  of  malformation.  We  have  also  unilateral  hypertrophy 
of  a  limb,  or  of  individual  fingers  or  toes.  The  bones  of  the  skull 
sometimes  grow  excessively,  especially  the  lower  jaw.    There  are  also 
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hypertrophies  of  the  hirynx  and  tongue,  and  more  rarely  of  the  internal 
I  organs,  which  as  they  have  no  explanation  in  any  acquired  disease,  are 
regarded  as  malformations. 

B. — Monstrosities  by  Excess  in  Number— Fission  of  the 

Embryo. 

These  form  a  very  important  group,  and  include  a  large  proportion 
of  the  more  considerable  malformations  of  the  body.  They  present 
great  variety  in  form  and  degree.  At  the  one  end  of  the  scale  we  have 
the  monstrosity  consisting  of  two  complete  individuals,  united  by  a 
narrow  band,  or  indeed  disunited.  At  the  other  end  we  have  simple 
duplicity  or  reduplication  of  parts. 

In  all  cases  of  double  monstrosity  there  has  been  to  begin  with  one 
ovum.  Opinions  have  been  divided  on  the  question  whether  in  the 
single  ovum  there  have  been  originally  two  embryoes  which  have 
partially  united,  or  whether  there  has  been  but  one  embryo  which  has 

.  given  rise  to  the  doubled  parts  by  fission.    The  latter  view  is  supported 
by  many  very  forcible  facts. 

Multiplication  by  fission  is  common  in  the  vegetable  kingdom,  and  is 
not  unknown,  as  we  have  seen,  in  animals.  In  the  embryo  an  excess 
of  formative  material  is  apt  to  express  itself  in  a  more  or  less  complete 

.  attempt  at  fission  in  the  longitudinal  direction.    At  the  earliest  period 

■  of  all,  when  there  is  over-stimulation  of  the  ovum  soon  after  impregna- 
•  tion,  there  may  be  fission  of  the  whole  germinal  mass,  with  the  ultimate 
i  production  of  two  separate  individuals  or  twins.  At  later  periods,  when 
'  the  central  part  of  the  cerebro-spinal  axis  has  been  already  laid  down, 

'  the  fission  may  still  aff"ect  the  upper  or  lower  end  of  the  embryo,  and 
we  may  have  doubling  of  these, either  together  or  singly,  while  a  portion 
<  of  the  cerebro-spinal  axis  is  single.  Then  at  still  later  periods  when 
t  the  appendages  are  being  formed,  the  germinal  material  may  be  .in 
'  excess,  and  by  fission  lead  to  multiplication  of  parts.  There  are  even 
cases  in  which  the  fission  has  been  repeated  more  than  once,  so  that 

■  there  is  not  only  a  doubling  but  a  trebling  of  parts,  and  the  monster 
contains  portions  of  three  individuals. 

An  interesting  confirmation  of  the  view  that  double  momstrosity  arises  by  fission 
of  one  embryo  and  not  by  union  of  previously  separate  embryoes  has  been  furnished 
by  Cleland  in  his  observations  on  supernumerary  legs.  According  to  the  old  theory 
supernumerary  legs  are  parts  of  an  undeveloped  ftetus  which  has  become  adherent 
to,  and  partly  included  in  that  which  has  attained  full  development.  The  developed 
legs,  however,  do  not  belong  to  one  pelvis  and  the  supernumerary  ones  to  another, 
'  as  the  ordinary  theory  would  presuppose.  On  the  contrary,  the  two  developed 
legs  belong  to  two  different  pelves,  as  do  also  the  supernumerary  ones.    That  is  to 
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say,  let  there  be  two  pelves  and  four  legs,  two  of  which  are  the  proper  legs  of  tli«; 
individual  and  two  are  supernumerary  and  ijrobably  ill-developed,  then  the  de- 
veloped legs  are  the  right  leg  of  the  right  pelvis  and  the  left  leg  of  the  left  pelvic 
while  the  supernumerary  ones  are  the  left  leg  of  the  right  pelvis  and  the  right  leg  ol 
the  left  pelvis.  The  only  possible  explanation  of  this  is  that  there  has  been  a  partial 
fission  of  the  hinder  part  of  the  embryo,  and  that  of  the  two  pelves  and  four  lef-'s 
those  parts  have  fully  developed  which  have  had  most  room  to  expand.  As  expan- 
sion takes  place  laterally  it  is  the  extreme  right  and  left  halves  which  develop  most 
fully,  the  adjacent  left  and  right  halves  being  more  or  less  crushed,  and  perhaps 
even  included,  forming  in  some  cases  no  more  than  a  sacral  tumour  (teratoma). 

The  doubled  parts  frequently  attain  varying  degrees  of  development. 
The  one  half  may  grow  much  more  quickly  than  the  other,  and  when 
that  is  the  case  the  lesser  half  may  undergo  various  degrees  of  displace- 
ment and  defective  development.  As  the  well-developed  half  grows  in 
length  it  may  even  tear  away  parts  of  the  less  developed  half  from  their 
relations,  and  so  produce  complex  arrangements.  The  more  quickly 
growing  part  may  even  come  to  include  the  less  developed  one,  and  the 
latter  may  form  a  kind  of  Parasite  on  the  former. 

Another  law  has  to  be  remembered  in  considering  double  mon- 
strosities, namely,  that  by  which  symmetrical  parts  tend  to  adhere. 
This  law  has  a  wide  application  in  normal  development,  lateral  parts 
adhering  and  coalescing  in  the  middle  line  in  front.  It  has  also  applica- 
bility in  cases  of  doubling,  the  symmetrical  parts  of  one  half  sometimes 
adhering  to  the  symmetrical  parts  of  the  other.    This  is  an  adhesion 
strictly  comparable  with  that  occurring  in  normal  development.  There  is,^ 
however,  not  infrequently  an  adhesion  and  partial  coalescence  of  parts  of 
double  monstrosities  if  they  meet  in  the  middle  line.  Thus  supernumerary 
arms  or  legs  where  the  doubling  is  imperfect  will  often  meet  in  the 
middle  line,  and  they  may  coalesce  more  or  less,  so  that  instead  of  two. 
extra  legs  or  arms  there  may  be  but  one,  but  this  generally  a  compound^ 
one.    This  is  an  adhesion  quite  distinct  from  the  normal  adhesion  of 
symmetrical  parts  of  the  embryo. 

The  large  majority  of  double  monstrosities  are  of  the  female  sex,  and 
the  two  bodies  are  always  of  the  same  sex. 

The  double  monstrosities  are  divisible  into  four  groups  according  to 
the  extent  and  situation  of  the  fission.  The  fission  is  (1)  complete, 
involving  the  whole  cerebro-spinal  axis,  or  (2)  of  the  hinder  extremity 
— abcaudal  fission,  or  (3)  of  the  anterior  extremity— abcranial  fission, 
or  (4)  of  both  extremities  while  a  portion  of  the  cerebro-spinal  axis  is 
imdivided. 
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I.— COMPLETE  FISSION.  TWINS. 

Most  tw^ins  are  developed  fi'om  two  ova,  and  are  just  as  distinct  as 
children  who  are  born  one  at  a  birth.  But  some  twins  are  developed  from 
one  oviim,  are  contained  in  one  chorion,  and  have  a  common  placenta. 
In  that  case  the  two  individuals  have  arisen  by  complete  fission  of  the 
original  embryo,  and  the  fission  has  remained  permanent.  It  is  con- 
sistent with  this  view  that  such  twins  are  always  of  the  same  sex  and 
closely  resemble  each  other,  so  closely  that  their  individual  identity  is 
often  mistaken.  In  a  certain  sense,  therefore,  such  twins  are  examples 
of  double  monstrosities. 

There  are,  on  the  other  hand,  twins  in  whom  the  cerebro-spinal  axis 
is  complete  in  each,  there  having  been  originally  a  complete  fission,  but 
union  has  taken  place,  so  that  the  two  are  connected  by  living  tissue. 
For  the  most  part  the  two  bodies  are  placed  parallel  to  each  other,  and 
mth  the  anterior  surfaces  turned  towards  each  other,  and  they  are 
usually  united  by  their  anterior  parts.  The  explanation  of  this  may  be 
that,  as  the  anterior  parts  are  the  last  to  close,  adhesion  is  more  likely  to 
take  place  here.    This  rule  is,  however,  not  without  exceptions. 

Although  the  cerebro-spinal  axis  is  complete,  there  is  in  this  form  of 
monstrosity,  not  infrequently  a  suppression  of  certain  parts,  the  sup- 
pressed parts  being  symmetrical,  as  if,  being  in  contact,  portions  had 
been  crowded  out  by  the  growing  structures.  There  are  thus  several 
forms. 

1.  Union  confined  to  the  neighbourhood  of  a  common  umbilicus 

{Xiphopagus). — This  is  the  least  degree  of  union,  and  is  illustrated  by 
the  well-known  Siamese  twins.  There  is  a  common  umbilicus  and 
umbilical  cord,  and  there  is  also  a  cartilaginous  bridge  between  the  two 
xiphoid  processes. 

2.  Union  from  umbilicus  upwards,  to  form  a  single  thoracic  cavity 
{Sternopagiis). — In  this  case  as  the  union  is  very  close  some  of  the 
adjacent  structures  may  be  suppressed  or  ill-developed.  The  two 
intestines  may  be  united  at  the  jejumim,  but  double  above  and  below. 
The  liver  is  usually  double,  but  the  two  livers  are  generally  coalesced. 
The  lungs  are  always  double,  and  the  heart  usually  so,  but  the  two 
hearts  may  have  coalesced  at  their  borders  and  be  externally  single. 
There  is  sometimes  a  partial  or  complete  coalescence  of  two  of  the  arms, 
so  that  there  are  only  three  arms.  The  coalesced  arms  will  be  the  left 
of  the  right  twin,  and  the  right  of  the  left, 

3.  Union  of  thorax  and  head  {Pi  'osopo-Umracopagus  or  Sgiicephalus). — 
The  spinal  column  and  l)asc  of  the  crarn'um  are  separate,  but  the  faces 
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have  come  in  contact  and  partly  coalesced.  There  may  be  two  faces,  but 
they  are  often  partially  undeveloped.  The  union  here,  as  in  the  two  pre- 
ceding classes,  is  anterior,  so  that  it  is  the  faces  which  come  in  conta(  t 
and  coalesce.  Symmetrical  parts  of  the  two  faces  may  thus  unite, 
especially  those  in  the  middle  line,  as  the  mouths  and  noses,  while  the  ears 
are  brought  close  together.  There  is  in  some  cases  a  peculiar  coalescence 
of  the  two  faces,  as  if  while  facing  one  another  they  had  becom(! 
flattened  out  against  each  other  and  the  parts  carried  to  either  side. 
There  are  thus  two  faces  looking  to  the  right  and  left,  but  each  face 
really  belongs  half  to  one  body  and  half  to  the  other.  This  form  of 
Mr.  Facing-both-ways  is  called  Janiceps.  Sometimes  one  of  the  faces  is 
only  a  rudiment.  In  all  these  forms  the  mouth  and  tongue  are  single  in 
the  posterior  part ;  the  oesophagus,  stomach,  and  duodenum  are  single. 
The  lungs,  urinary,  and  sexual  organs  are  double,  but  the  heart  single. 
The  arms  are  nearly  always  completely  double. 

These  three  forms  are  usually  included  in  the  genus  Thoracopagus,  and  they  con- 
stitute a  very  common  form  of  double  monster.  Amongst  them  the  second  or  Stemo- 
pagus  is  the  most  frequent.  In  some  cases  one  of  the  twins  is  ill  developed,  and 
exists  as  an  appendage  to  the  other,  forming  a  parasite  attached  to  the  abdomen  or 
thorax.  This  form  is  called  Parasitic  thoracopagus,  and  is  illustrated  by  the  case  of 
Lazarus  CoUoredo,  who  was  born  in  1716,  and  lived  to  an  adult  age.  The  smaller 
twin  had  most  of  the  external  parts,  with  the  exception  that  there  was  only  one  leg. 

It  is  customary  to  include  under  the  thoracopagus  parasiticus  cases  in  which  the 
head  of  the  ill-developed  foetus  is  absent  (acephalic  parasites),  but  this  is  more  pro- 
bably due  to  incomplete  or  abcaudal  fission.    (See  further  on.) 

4.  Union  of  cranial  vaults  (Kraniopagiis). — -The  twins  are  complete, 
and  separate  except  that  the  cranial  vaults  have  united.  The  union 
may  be  frontal,  parietal,  or  occipital  (Kraniopagus  frontalis,  parietalis, 
occipitalis). 

5.  Union  pelvic  {IscJdqxu/us). — This  is  the  converse  of  the  preceding 
form.  The  two  bodies  are  united  below,  and  diverge  from  one  another 
so  that  the  heads  are  at  the  opposite  poles.  The  two  pelves  are  united, 
and  sometimes  the  two  sacra  in  such  a  way  as  that  the  spinal  canals  arc 
continuous.  All  the  organs  of  the  chest  and  abdomen  are  doubled,  but 
one  set  of  the  external  sexual  organs  may  be  imperfectly  formed  or  they 
may  have  coalesced.  There  are  generally  four  legs,  M'hich  are  thrown 
to  the  sides,  but  there  may  be  three  or  only  two. 

Ahlfeld  divides  the  cases  of  complete  fission  into  those  in  which  the  two  parts  arc 
homogeneously  developed  and  those  in  which  they  are  unequally.  Under  this 
latter  are  included  chiefly  very  ill-formed  monstrosities,  which  occur  along  with,  and 
frequently  as  appendages  to,  fully-developed  fa?tus.  Most  of  them  have  the  heart 
either  rudimentary  or  absent  (hence  Acardiacus),  and  they  are  usually  parasitic  on 
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the  more  fully-developeil  fietus,  whose  heart  carries  on  the  circulation  in  the  para- 
site. As  Cleland  has  indicated,  most  of  these  are  really  cases  of  abcaiidal  or 
abcranial  fission  in  which  various  distortions  have  occurred  owing  to  one  half 
f^rowing  more  quickly  than  the  other,  and  they  will  be  mentioned  further  on. 

II.— ABCAUDAL  FISSION. 

The  fission  in  this  case  may  be  more  or  less  extensive,  from  below 
npwards,  and  it  may  involve  the  whole  vertebral  column,  but  the  head 
will  always  be  single.  One  of  the  halves  may  develop  excessively,  and 
the  other  may  be  very  imperfect. 

1.  Head  single,  bodies  double  and  equally  developed  {Dipygm). — 
There  is  here  one  head  and  two  bodies,  but  the  bodies  and  arms  may  be 
to  a  variable  extent  coalesced.  There  may  be  the  regular  four  arms,  or 
there  may  be  only  two  ;  hence  dijDygus  tetrabrachius  and  dibrachius. 
This  form  of  double  monstrosity  is  rare  in  man,  but  common  in  animals. 

2.  Head  single,  one  body  much  larger  than  the  other  {Parasitic 
forms). — "We  have  here  a  great  variety  of  malformations  according  to  the 
degree  of  defect  of  the  smaller  portion.  The  fully-developed  foetus  is 
continuous  with  the  head,  Avhile  the  imperfect  one  seems  a  mere  appen- 
dage, or  is  even  broken  off  from  the  former.  We  are  able  to  recognize 
various  modifications. 

(rt)  Smaller  part  appended  to  front  of  larger  (Acephalic  parasites). — 
In  this  form  we  have  the  fully-developed  foetus  with  part  of  an  ill- 
developed  one  hanging  from  the  front  of  the  thorax  and  abdomen  in  the 
form  of  two  legs,  or  two  legs  with  part  of  a  body  and  two  arms.  This 
form  is  sometimes  called  Epigastrius.  It  is  the  commonest  form  of  the 
parasitic  monstrosities,  and  is  illustrated  in  the  case  of  a  Hindu  girl, 
called  Lalloo,  who  is  now  about  18  years  of  age. 

{h)  Smaller  part  included  in  the  other  {Indnsio  fwMis,  Fcetus  in 
f(.i'tv). — The  included  portion  is  within  the  abdominal  cavity  of  the 
larger  part  (Engastrius),  and  is  very  ill  developed.  It  lies  in  a  sac 
composed  of  connective  tissue,  and  the  parts  are  rather  confusedly 
mixed,  but  there  are  usually  recognizable  the  bones  of  legs  and  arms 
with  hands  and  feet — sometimes  also  portions  of  the  vertebral  column. 

('■)  Smaller  part  completely  separated  {Aceplmhis.  Amorplms). — In 
this  case  the  smaller  division  has  got  broken  off  from  the  larger,  and  has 
developed  separately,  being,  however,  still  dependent  for  its  blood 
supply  on  the  cai-diac  contractions  of  the  completed  foetus.  As  these 
forms  have  only  a  rudimentary  heart,  or  none  at  all,  they  are  sometimes 
called  Acanliad.  The  separate  monster  has  its  own  umbilical  cord, 
whose  vessels,  instead  of  passing  to  the  |)laccnta,  open  into  those  of 
the  fully-formed  frctns.    Hence  the  circulation  in  the  monster  is  peculiar 
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in  respect  that  blood  is  carried  to  it  by  the  umbilical  artery  and  leaves 
it  by  the  umbilical  vein,  and  that  it  receives  blopd  which  has  already 
passed  through  the  body  of  the  well-formed  foetus. 

The  aceplialus  presents  various  degrees  of  development  of  the  body 
and  limbs.  There  may  be  only  pelvis  and  legs,  or  there  may  be  part  of 
the  vertebral  column,  and  even  thorax  and  arms.  The  legs  and  arms, 
if  present,  are  often  coalesced.  There  may  even  be  some  trace  of 
cranial  bones.    The  lungs  and  heart  are  always  absent. 

The  amoiyhus  is  a  rounded  mass  covered  with  skin,  and  showing 
externally  no  indication  of  parts  of  the  body.  It  contains  internally 
fat  and  connective  tissue,  with  a  rudimentary  vertebral  column. 
Sometimes  there  is  more  of  an  approach  to  human  form,  and  the  mass 
contains  distinguishable  rudimentary  parts  of  the  body. 

3.  Fission  affecting  pelvis  and  appendages  {Supemmnerary  legs,  sacral 
teratoma). — There  is  in  this  case  primarily  a  fission  which  affects  the 
inferior  part  of  the  embryo  ;  the  primordial  pelvis,  and  perhaps  also  the 
lower  part  of  the  vertebral  column  are  divided.  If  the  latter  is  at  all 
divided,  then  one  half  disappears,  and  besides  the  one  fully  developed 
trunk  there  is  ultimately  nothing  but  the  two  pelves  with  their 
appendages. 

From  the  observations  of  Cleland,  it  appears  that  the  two  halves 
present  peculiar  and  interesting  relations.  The  fission  is  in  the  middle 
line,  so  that  a  right  and  a  left  pelvis  result.  As  the  two  pelves  are 
closely  connected  behind  (by  the  spinal  column),  there  is  much  more 
room  for  expansion  in  front,  and  so  while  the  proximate  posterior  parts 
are  crushed  together  and  liable  to  imperfect  development,  the  anterior 
halves  attain  full  development.  The  result  is  two  perfect  limbs,  which, 
however,  belong  properly  to  two  different  pelves,  being  the  right  leg  of 
the  right  pelvis  and  the  left  leg  of  the  left,  and  in  addition  a  more  oT 
less  imperfectly  formed  composite  pelvis  with  super uiunerary  legs, 
variously  coalesced  or  dwarfed,  behind. 

This  subject  has  been  worked  out  by  Cleland  in  his  memoir  on  "  Birds  with 
supernumerary  legs,"  etc.  He  there  refers  to  cases  in  the  human  subject,  especi- 
ally to  that  of  Dos  Santos,  a  monstrosity  which  has  been  described  by  several 
writers.  In  this  case  there  was  a  supernumerary  leg  attached  posteriorly.  It  had 
the  knee  turned  backwards,  and  ended  in  a  composite  foot  with  the  great  toes 
joined  and  the  fifth  toes  at  the  outer  sides.  This  composite  limb,  therefore,  had  not 
arisen  by  the  fission  of  two  limbs  of  the  same  pelvis,  but  by  the  coalescence  of  the 
left  leg  of  a  right  pelvis  and  the  right  leg  of  a  left  pelvis.  In  front  there  werc 
two  penes  between  the  fully-developed  limbs,  another  indication  that  the  anterior 
parts  and  the  two  developed  limbs  belonged  to  different  pelves. 

The  condition  of  the  su])erinunerary  parts  behind  varies  considerably. 
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There  is  usually  one  coalesced  limb,  like  that  mentioned  above ;  but 
there  may  be  two,  or  the  indications  of  a  second. 

On  the  other  hand,  the  whole  ill-developed  part  may  be  included  in 
the  well-developed  parts,  and  the  abnormality  appear  as  a  tumour  in 
the  sacral  region.  The  sacral  teratoma  is  a  tumour  in  which  portions 
of  bone,  muscle,  fiit,  etc.,  are  found,  and  they  arise  by  an  inclusion 
such  as  this.  The  contained  bones  may  sometimes  be  recognized  as 
l)elonging  to  the  pelvis  or  lower  limb. 

III.— ABCRANIAL  FISSION. 
As  in  the  case  of  abcaudal  fission,  the  division  may  be  more  or  less 
complete,  and  the  lateral  halves  may  be  unequally  developed,  so  that  in 
the  extreme  cases  one  is  parasitic. 

1.  Partial  fission  of  head  {Diprosojms,  double-face).— In  this  there  are 
indications  of  fission  in  the  middle  line,  but  the  corresponding  parts 
have  coalesced  more  or  less,  so  that  while  the  head  is  single,  the  parts 
of  the  face  are  at  least  partly  doubled.  In  the  lowest  degree  there  is 
apparent  externally  only  a  broadening  of  the  head,  and  there  is  no 
doubling  of  external  parts,  although  the  mouth  and  nasal  cavities  show 
a  certain  amount  of  duplicity.  From  this  there  are  successive  degrees, 
the  double  parts,  as  it  were,  emerging  as  successive  stages  are  reached. 
As  the  two  heads  are  applied  laterally  the  eyes  and  nose  first  emerge, 
and  then  the  ears.  Hence,  beginning  with  the  lowest,  we  have  cases 
with  two  eyes  {DiproHojpus  diophthalmus),  with  three  eyes  {triophthalmus), 
with  four  eyes  {tetrophthcdmus),  with  three  ears  {triotus),  and  with  four 
ears  (tetrotus). 

This  form  of  monstrosity  is  rare,  and  as  the  brain  and  fauces  are 
usually  defective,  it  is  not  cajjable  of  life. 

2.  Complete  division  of  head  {Dicephalus,  double-head). — In  this  case 
also  we  have  degrees  of  fission  varying  from  cases  of  two  heads  on 
one  neck  to  those  in  which  the  body  is  also  to  a  large  extent  doubled. 
The  condition  of  the  arms  indicates  approximately  the  extent  of 
division  of  the  spinal  column ;  hence  we  have  as  varieties,  in  different 
stages,  cases  with  two  arms  {Dicephalus  dihrachim),  with  three  arms 
{Iribmchiun),  and  with  four  arms  {teirabrachius).  There  are  even  cases  in 
which  an  additional  lower  limb  has  been  present  in  a  rudimentary  state 
( Dicephalus  iripus),  the  fission  having  extended  almost  throughout. 

These  forms  are  very  common,  forming  indeed  the  most  frequent 
double  monsters.  The  malformation  causes  great  difficulty  in  parturi- 
tion, but,  if  safely  delivered,  the  monster  is  quite  capable  of  life,  and 
iiiiiy  even  attain  to  old  age. 

3.  One  division  much  larger  than  the  other  {Parasitic  forms).. — As  in 
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the  case  of  abcaudal  fission,  so  here  one  of  the  halves  may  develop 
fully,  while  the  other  is  dwarfed,  and  remains  as  an  appendage  or  para- 
site. It  may  be  considerably  displaced  or  even  separated  from  its 
connection  with  the  fully  developed  portion. 

(a)  Smaller  part  appended  in  front  of  larger.— This  form  is  mucli 
rarer  than  the  corresponding  one  in  abcaudal  fission.  There  is  a  head 
and  part  of  the  body  appended  to  the  thorax  and  abdomen  of  a  fully 
developed  foetus  (Epigastrius),  but  the  parasitic  portion  is  dwarfed. 
The  monstrosity  is  quite  consistent  with  life. 

(h)  Smaller  part  included  in  the  other.— To  what  extent  the  occa- 
sional occurrence  of  teratoma  inside  the  skull  or  in  the  mediastinmi] 
may  be  due  to  abcranial  fission  with  imperfect  development  of  one  half, 
is  not  known. 

(c)  Smaller  part  completely  separated  {A corvms).— In  this,  as  in  the 
corresponding  form  of  abcaudal  fission,  the  separated  part  is  connected 
by  the  umbilical  vessels  with  a  fully  developed  foetus,  from  which  it 
receives  its  blood.  The  separated  portion  consists  of  a  head  either  with 
no  spinal  column  or  a  short  piece.  The  head  itself  is  ill  formed,  the 
parts  frequently  much  altered.  The  umbilical  cord  proceeds  from  the 
neck.  There  is,  of  course,  no  heait,  as  there  is  no  ti'unk,  and  the 
monstrosity  is  included  amongst  the  acardiaci. 

4.  Supernumerary  arms.— As  in  the  case  of  superniunerary  legs  in 
abcaudal  fission,  so  by  a  somewhat  similar  cause  Ave  may  have  super- 
numerary arms  produced  in  abcranial  fission.  In  this  case  the  spinal 
column  is  single,  one  of  the  original  divisions  having  disappeared,  but  the 
primordial  limbs  of  both  divisions  remain.  As  in  the  former  case  also, 
the  outer  limbs  of  each  division  develop  into  the  proper  limbs  of  the 
anim-al,  while  the  internal  or  proximate  ones  become  dwarfed  appen- 
dages. The  developed  arms  are  therefore  the  right  arm  of  the  right 
division  and  the  left  arm  of  the  left,  while  the  appended  ones  are  the 
left  of  the  right  and  the  right  of  the  left.  (Cleland.) 

IV.— FISSION  SIMULTANEOUSLY  ABCEANIAL  AND  ABCAUDAL. 

This  will  present  many  of  the  features  of  complete  fission,  but  the 
spinal  column  will  be  in  part  at  least  undivided.  There  will  be  two 
heads  or  the  indication  of  such  a  division,  and  four  legs  or  indications 
of  them.  The  "Two-headed  Nightingale"  is  a  monstrosit}'^  of  this 
kind. 

v.— DOUBLE  FISSION.    TEIPLE  MONSTERS. 

It  is  not  very  uncommon  to  have  trijjlets  in  one  chorion,  arising  by 
double  fission  of  one  embryo.     It  is  also  not  very  rare  to  meet  with  ii 
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partially  divided  foetus  along  with  a  fully  developed  one.  On  the 
other  hand,  a  double  fission  in  a  foetus  which  remains  united  is  exces- 
i  sively  rare.  In  one  authentic  case  there  were  three  heads  (Tricephalus), 
two  of  which  were  on  a  single  vertebral  column,  the  cervical  vertebrai 
being  alone  divided,  while  the  other  had  a  separate  column  to  itself. 
There  had  been  a  nearly  complete  abcranial  fission  followed  by  a  partial 
abcranial  fission  of  one  of  the  divisions. 

VI.— EEDUPLICATION  OP  PAETS. 

The  tendency  to  fission  does  not  confine  itself  to  the  cerebro-spinal 
axis,  but  extends  to  the  individual  parts  of  the  body,  more  especially  to 
those  accessory  parts  which  as  it  were  bud  out  from  the  main  body. 

Polydactylism  is  the  reduplication  of  the  fingers  and  toes,  a  some- 
what common  malformation.  The  lowest  degree  is  that  in  which  a 
small  appendage  is  attached  by  a  narrow  neck  to  the  outer  aspect  of 
the  hand  or  foot.  This  may  or  may  not  have  a  bony  phalanx.  In  a 
higher  degree  the  finger  has  an  additional  metacarpal  bone,  and  even 
an  added  carpal  one.  In  the  highest  degree  the  hand  or  foot  has  nine 
or  ten  fingers  or  toes.  The  multiplication  may  affect  one  hand  or  one  , 
foot,  or  both  hands  or  both  feet,  or  all  the  four  members  simultaneously. 
When  individual  fingers  or  toes  are  divided  it  is  most  frequently  the 
little  one;  next  to  that  the  thumb  or  great  toe,  and  very  seldom  one  of 
the  intermediate  ones. 

These  malformations  are  remarkably  subject  to  hereditary  trans- 
mission. It  is  also  remarkable  that  suijernumerary  digits  when 
amputated  are  liable  to  grow  again.  (See  Darwin,  "Animals  and  Plants 
under  Domestication,"  vol.  ii.,  p.  14.) 

Multiplication  of  bones  and  muscles.— It  is  not  uncommon  to  find 
additional  vertebrae  in  the  various  regions  of  the  column,  and  they  are 
sometimes  rudimentary.  Sometimes  there  is  a  prolongation  of  the 
column  so  as  to  produce  a  Tail.  There  is,  however,  sometimes  no  bone 
iti  such  caudal  appendages,  the  vertebrae  being  only  prolonged  as  mem- 
brane, and  sometimes  the  apjjendage  is  not  a  proper  tail  at  all,  but 
nierely  a  cutaneous  projection. 

The  rilis  are  somewhat  frequently  reduplicated,  so  that  Ave  may  have 
cervical  or  lumbar  ribs. 

Keduplication  of  muscles  is  frequent,  and  some  anomalies  of  this  kind 
are  so  common  as  to  be  regarded  as  mere  varieties. 

Supernumerary  mammae  are  perhai:)s  doubtfully  to  be  regarded  as 
nistuuces  of  i'e(lu])licii,tiou  of  pai'ts,  as  tliey  may  be  rather  due  to  revei'- 
sion.  There  are  cases  of  three,  four,  and  five  mamnuB.  The  extra 
mammae  are  usually  near  the  proper  ones,  and  generally  under  them, 
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but  there  are  cases  of  very  considerable  removal,  as  in  the  inguinal 
region,  or  on  the  back.  The  mammae  may  be  represented  only  b\- 
nipples. 

Internal  organs  are  sometimes  reduplicated,  most  commonly  the 
spleen,  but  also  the  pancreas  and  other  organs. 

II.— MONSTROSITIES  BY  DEFECT. 

It  will  be  understood  that  we  have  here  to  do  with  the  more  general 
defects,  and  that  the  more  distinctly  local  ones  fall  under  their  respec- 
tive special  sections.  In  studying  the  malformations  by  defect  we  have 
to  go  back  to  the  develojDing  embryo,  and  to  see,  in  interferences  with 
the  expansion  and  development  of  parts,  the  causes  of  the  defects. 

A. — Defect  in  Size,  Dwarfing. 

Defect  in  size  of  the  body  as  a  whole  results  in  the  production  of  a 
dwarf.  Dwarfs  may  be  well  formed  although  diminutive  in  size. 
Generally,  however,  the  head  is  disiiroi^ortionately  large,  and  sometimes 
it  is  so  excessive  in  comparison  with  the  body  as  to  give  the  body  as  a 
whole  a  deformed  ajapearance.  The  body  is  also  sometimes  deformed, 
and  the  extremities  crooked.  Dwarfs  have  frequently  good  health,  and 
may  live  to  a  considerable  age.  The  usual  height  of  dwarfs  in  the 
adult  state  is  about  2J  feet,  never  under  2  feet,  and  sometimes  as  much 
as  3 1  or  3|  feet. 

Partial  dwarfing  occurs  in  various  parts  of  the  body,  bvit  especially 
in  the  extremities.  The  extremities  may  be  well  formed,  but  defective 
in  size.  This  may  affect  all  four  limbs  (microvidus),  or  the  arms  (micro- 
brachius),  or  the  legs  (micropus).  The  brain  may  be  defective  in  size 
as  a  whole  (in  idiots  and  cretins)  or  in  parts,  such  as  the  cerebellum. 
The  face  is  sometimes  at  birth  dwai'fed  on  one  side  {Hemiafrophy),  this 
apparently  depending  on  some  affection  of  the  brain.  The  intestine 
may  be  abnormally  short. 

B.— Defects  in  the  FoRaiATioN  of  Parts. 

These  vary  considerably  in  form  and  causation,  and  it  is  difficult  to 
divide  them  into  perfectly  definite  groups.  Although  the  causation  is 
ol)scure  in  many  cases,  yet  the  constancy  of  the  resulting  forms  shoM-s 
that  common  infiuences  have  been  at  work. 
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I.— DEFECTS  EEOM  IMPERFECT  CLOSUEE  OE  DEOPSY  OF  THE 
CEEEBEO- SPINAL  CANAL. 

Ill  the  early  embryo  the  cerebro-spinal  axis  is  represented  by  the 
medullary  plates,  beneath  or  in  front  of  which  is  the  notochord.  The 
medullary  plates,  rising  up  at  the  sides  and  folding  round  dorsally,  come 
in  contact  and  form  the  medullary  canal  which  is  the  representative  of 
the  ventricles  of  the  brain  and  the  central  canal  of  the  spinal  cord.  It 
has  been  shown  by  Lebedeff  and  Cleland  that  this  closure  of  the 
medullary  canal  dorsally  may  fail  to  occur,  and  it  has  been  ascribed  to 
an  over-growth  of  the  medullary  plates  causing  them  to  flatten  out  and 
go  into  folds  or  curvatures,  while  the  notochord  pi-events  proper  longi- 
tudinal expansion.  On  the  other  hand,  after  the  closure  of  the 
medullary  canal  there  may  be,  perhaps  from  over-stimulation,  an 
accumulation  of  fluid  or  dropsy,  and  this  again  may  lead  to  a  secondary 
rupture  of  the  canal  or  else  to  a  bulging  of  it  backwards.  We  have 
therefore  these  three  possibilities,  non-closure  of  the  canal,  its  rupture 
by  dropsy,  and  over-distension  with  bulging.  According  to  Cleland  the 
first  of  these,  occurring  at  a  very  early  period,  is  likely  to  jDroduce  such 
distui'bance  in  development  as  to  cause  the  death  of  the  embryo,  and 
in  consequence  the  more  permanent  malformations  are  due  to  accumula- 
tions of  fluid  producing  rupture  or  distension. 

The  condition  of  the  parts  formed  by  the  epiblast  and  mesoblast  will 
depend  on  whether  there  has  been  rupture  or  not.  When  there  is 
rupture  the  bone  and  cutaneous  tissue  which  normally  cover  the  olorsal 
aspect  over  the  cerebro-spinal  axis  will  be  defective,  and  the  latter  will 
be  from  the  first  open  or  exposed.  On  the  other  hand,  if  there  is  mere 
distension  of  the  medullary  canal,  the  cutaneous  structures  may  be 
continued  over  it,  forming  a  tumour,  but  the  bony  structures  are  likely 
to  be  pressed  aside  by  the  bulging  tumour  and  imperfectly  formed. 

The  changes  mentioned  may  aff"ect  chiefly  certain  parts  of  the 
medullary  canal,  and  may  occur  at  different  periods  of  development, 
the  ultimate  result  varying  accordingly.  Thus  the  part  aff'ectod  may 
be  the  cerebral  ventricles  either  in  whole  or  in  part,  or  it  may  be  the 
central  canal  of  the  cord,  or  it  may  be  both  of  them  in  various  degrees. 
Certain  well-marked  forms  are  described. 

1.  Anencephalus. — This  name  implies  that  the  brain  is  absent.  It 
lu  ise.s  by  an  early  rui)turc  of  the  medullary  canal  or,  according  to  ' 
Lebedeff',  from  a  non-closure  of  it. 

The  child  is  often  born  at  the  full  time,  and  the  trunk  and  limbs  arc 
usually  well  developed.  But  the  vault  of  the  cranium  is  absent,  and 
the  base  of  the  skull  exposed.    The  base  is  occupied  by  some  loose 
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membrane  in  which  there  may  be  some  cysts.  Occasionally  there  is  u 
vestige  of  brain,  with  perhaps  a.  small  cavity  communicating  with  the 
surface,  in  which  case  the  early  rupture  has  been  limited  and  has 
allowed  of  some  development  of  the  brain.  The  membrane  at  the  ba.se 
represents  arachnoid  and  pia  mater  turned  aside,  and  with  the  ventricles 
exposed.  It  may  be  in  some  cases  that  there  is  a  bulky  sac  occupying 
the  iDlace  of  the  brain,  but  this  is  of  doubtful  occurrence.  If  it  did 
occur  it  would  represent  the  distended  but  unruptured  ventricles.  The 
absence  of  the  cranial  vatilt  renders  the  eyes  unduly  prominent  as  they 
project  at  the  edge  of  the  open  skull,  giving  the  head  the  appearance  of 
a  toad,  from  which  the  malformation  is  sometimes  called  popularlj- 
Toad's  head. 

The  cranium  shows  almost  complete  absence  of  the  flat  bones  of  the 
vault,  a  shortening  of  the  base  and  an  angular  curvature  between  the 
sphenoid  and  occipital  bones.  In  view  of  the  open  state  of  the  bones 
anencej)halus  is  sometimes  designated  Cranioschisis  or  Acrania.  The 
malformation  is  often  combined  with  a  similar  lesion  of  the  spine  (spina 
l)ifida). 

2.  Encephalocele,  Hernia  cerebri.— In  this  case  the  brain  or  a  portion 
of  it  projects  outside  the  skull.  There  may  be  distension  of  the 
ventricles  in  the  extruded  part  (Hydrencephalocele)  or  there  may  not. 
It  arises  by  dropsy  of  the  ventricles  without  rupture. 

In  the  more  extreme  cases  the  appearance  of  the  skull  is  at  first  sight 
like  that  of  anencephalus,  but  instead  of  the  cranial  bones  being  absent 
they  are  flattened  down  so  as  to  form  a  very  diminutive  cranial  caAdtj^, 
while  the  bi'ain,  sometimes  nearly  of  full  size,  lies  outside,  commimicat- 
ing  with  the  interior  through  an  aperture  in  the  bones.'  In  this  case 
there  has  been  at  an  early  pei'iod  a  partial  dropsy,  which  has  caused 
disiDlacement  of  the  brain,  and  there  is  often  eAddence  of  this  in  the 
presence  of  two  or  three  vesicles  in  the  diminutiA'^e  cranial  cavity. 
01  eland  has  shown  that  these  A'esicles  sometimes  represent  drojjsical 
olfactory  lobes  with  infundibula,  which  have  pushed  backwards  the 
cerebral  hemisi)heres,  the  latter  at  the  period  concerned  being  of  small 
size.  In  other  cases  the  extruded  brain  is  hydrocephalic,  and  some- 
times there  is  little  more  than  a  sac  containing  fluid  (sometimes  called 
Meningocele). 

The  position  of  the  protrusion  is  most  commonly  behind  the  occiput 
or  at  the  root  of  the  nose. 

3.  Cyclopia  {Monophihalmia). — In  this  condition  there  is  a  single 
orbital  cavity  in  the  middle  line,  containing,  in  some  cases,  only  a  rudi- 
ment of  the  eyeball,  in  others  a  fullj'-developed  globe,  or  it  mav  bo 
twQ,  close  together.    There  is  no  retina  in  the  eyeball,  which  consists 
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I   alone  of  inivts  developed  from  without.    The  cerebmni  consists  of  one 
mesial  portion  containing  a  single  ventricle. 

According  to  Cleland  there  is  here  a  dropsy  of  the  roof  of  the  thala- 
mencephalon,  including  the  pineal  body.  The  enlargement  of  these 
parts  causes  defect  of  the  anterior  cerebral  vesicle,  and  by  its  pressure 
also  interferes  with  the  development  of  the  face.  There  may  be,  from 
a  similar  cause,  a  still  further  defect  of  the  face,  such  as  the  condition 
named  Agnathia,  in  which  the  lower  jaw  is  deficient  and  the  ears  are 
brought  close  together  so  as  to  touch  one  another.  This  may  be  asso- 
ciated with  Cyclopia,  in  which  case  the  brain  is  defective  as  in  that 
form  of  lesion,  although  otherwise  the  upper  part  of  the  face  and  the 
brain  are  unaffected. 

4.  Spina  bifida. — In  this  condition  the  sj^ines  of  the  vertebrae  are 
usually  more  or  less  incomplete,  and  there  may  be  a  tumour  projecting 
whose  internal  cavity  communicates  with  the  spinal  canal.  But  this 
tumour  is  absent  in  certain  forms,  and  it  is  possible  to  divide  the  cases 
into  those  in  which  the  vertebral  canal  is  open  mthout  tumour,  and 
those  in  which  there  is  a  tumour. 

(a)  Open  spina  bifida  (Ehachischisis). — This  form  is  strictly  comparable 
with  anencephalus,  Avith  which  it  is  often  associated.  The  medullary 
canal  has  never  been  completed  or  an  early  rupture  has  occurred. 
Accordingly  the  integuments  have  not  been  carried  to  the  middle  line 
behind,  and  the  arches  of  the  vertebrae  are  wanting,  so  that  the  verte- 
bral canal  is  exposed,  covered  only  with  a  membrane.  This  membrane 
is  continuous  laterally  with  the  sldn.  The  exposed  canal  does  not, 
however,  appear  as  a  gutter ;  it  is  flattened  out  and  shows  at  most  a 
slight  groove,  but  is  frecj[uently  even  convex  posteriorly.  The  surface 
of  the  membrane  represents  the  internal  surface  of  the  medullary  canal, 
that  is  to  say,  the  central  canal  of  the  spinal  cord,  and  the  cord  itself,  to 
the  extent  of  the  lesion  of  the  .spine,  is  absent  or  present  as  a  mere  trace, 
like  the  brain  in  anencephalus.  In  a  case  described  by  Cleland  the  mem- 
branous surface  was  continuous  with  a  dilated  central  canal,  thus  proving 
that  the  former  is  really  the  open  central  canal.  Although  the  cord  is 
absent,  the  spinal  nerves  are  present,  arising  from  the  membrane  in  an 
inner  and  an  outer  series,  representing  the  anterior  and  posterior  roots. 

Ehachischisis  is  often  associated  with  anencephalus,  in  which  case  it 
affects  the  whole  length  of  the  column  or  its  upper  part,  the  condition 
being  inconsistent  with  life.  On  the  other  hand,  it  may  affect  a  limited 
area  usually  at  the  lower  part  of  the  column,  being  produced  by  a  local 
rupture  or  defect  of  the  medullary  canal.  In  that  case  we  may  have  a 
l)ersistcnt  dilatation  of  the  central  canal  of  the  cord,  and  jierhaps  a 
hydrocephalus. 
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(b)  Spina  bifida  with  tumour. — In  this  case  there  is  a  persisteMt 
dropsy  with  protrusion  of  portion  of  the  condition  comparable 

with  hydrencephalocele.  The  dropsy  may  be  of  the  central  canal  of  the 
cord  (syringocele)  or  merely  of  the  meninges  (meningocele),  but  the  cord 
is  usually  carried  outwards  with  the  protrusion  (myelomeningocele).  In 
the  syringocele  the  central  canal  is  expanded  so  as  to  form  the  internal 
lining  of  the  sac,  and  the  spinal  cord  may  be  atrophied  or  partially  pre- 
served. The  nerve  roots  arise  in  front  of  the  sac.  In  the  meningocele 
and  myelomeningocele  the  fluid  is  in  the  subarachnoid  or  arachnoid  space, 
usually  the  latter,  and,  according  to  its  seat  in  relation  to  the  circum- 
ference of  the  cord,  will  be  the  condition  of  the  cord  itself  and  the  nerve 
roots.  The  nerves  may  lie  in  front  of  the  sac,  or  may  arise  -within  it 
and  course  in  its  walls. 

Spina  bifida  with  tumour  may  occur  in  any  part  of  the  spine  but  is 
most  common  in  the  lumbo-sacral  region.  (See  under  Aff"ections  of  the 
Nervous  System.) 

II.— DEFECTIVE  COALESCENCE  OR  CLOSURE  OF  PARTS  IN  FRONT. 

In  the  completion  of  the  parts  in  front,  the  visceral  arches  grow 
forward,  and,  for  the  most  part,  coalesce  in  the  middle  line  in  a  fashion 
similar  to  that  of  the  neural  arches  on  the  dorsal  surface.  The  face 
and  neck  are  partly  formed  by  the  subcranial  and  branchial  arches, 
which  variously  unite  with  each  other,  and  with  the  fronto-nasal  plate. 
In  all  these  there  are  possibilities  of  non-union,  and  so  we  have  various 
forms  of  clefts. 

The  incomplete  closure  may  arise,  as  in  the  conditions  considered 
above,  by  dropsical  accumulations,  especially  in  the  case  of  the  thorax 
and  abdomen.  It  may  be,  also,  that  protrusion  of  viscera,  from  various 
causes,  may  prevent  closure.  But  there  are  many  cases  in  which  no 
mechanical  explanation  is  apparent,  and  the  defect  has  no  obvious  cause. 

1.  Facial  clefts. — The  most  extreme  case  is  that  in  which  the  fronto- 
nasal and  the  superior  maxillary  plates  are  defective,  and  the  face 
presents  in  its  middle  part  a  large  opening,  which  to  a  greater  or  less 
extent  replaces  nose  and  upper  jaw,  and  in  some  cases  also  involves 
orbits  and  lower  jaw.  This  condition  is  called  Aprosopus  or  Schisto- 
prosopus  (tt/doo-wttov  =  a  face). 

Less  degrees  of  it  are  shown  in  Cleft  palate  and  Harelip.  The 
naso-frontal  plate  forms  the  central  part  of  the  upper  lip  and  of  the 
alveolar  process  of  the  upper  jaAV.  Hence,  in  these  parts,  the  line  of 
union  is  on  either  side  of  the  middle  line,  while  in  the  palate  it  is  mesial. 
The  cleft  in  the  lip  and  alveolar  process  is  therefore  lateral  and  that  in 
the  palate  mesial.  All  degrees  of  non-union  exist,  from  complete  fissure 
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of  the  palate,  with  cleft  of  the  alveolus  and  lip  o)i  each  side,  to  the 
slightest  notch  on  one  side  of  the  xx^jper  lip.  These  defects  date  back 
to  the  third  month  of  foetal  life,  at  which  period  the  closure  ought 
to  occur. 

2.  Congenital  fistula  in  the  neck  [Fistula  colli  congevita). — This 
arises  by  imperfect  closure  of  the  lateral  aspects  of  the  branchial  arches. 
There  is  a  small  aperture,  only  sufficient  to  admit  a  small  probe  or 
bristle,  usually  situated  half  an  inch  to  an  inch  above  the  sterno-clavi- 
cular  articulation,  more  rarely  further  upwards  and  outwards,  or  in  the 
middle  line.  The  aperture  leads  into  a  canal  which  is  directed  towards 
the  larynx,  trachea,  or  pharynx,  but  does  not  usually  communicate  with 
any  of  these  canals.  The  fistula  is  lined  with  mucous  membrane,  and 
mucus  may  be  discharged  at  the  orifice.  There  is  usually  one  fistula 
which  is  most  frequently  on  the  right  side  or  in  the  middle,  but  occa- 
sionally there  are  two  symmetrically  placed. 

Occasionally,  from  a  similar  origin,  we  have  Cysts  in  the  neck  without 
external  aperture.  These  may  be  filled  with  serous  fluid  (Congenital 
hydrocele  of  the  neck),  or  may  have  a  more  epidermic  structure  and 
contents. 

3.  Defective  closure  of  thorax  (Fismra  sterni). — There  are  various 
desrees  of  this,  and  various  combinations  with  defect  of  the  anterior 
abdominal  wall,  the  highest  degree  being  a  complete  cleft  of  thorax  and 
abdomen.  In  these  extensive  clefts  the  organs  are  generally  extruded, 
but  even  when  there  is  a  limited  cleft  of  the  sternum,  the  heart  is  liable 
to  lie  outside  the  chest.  In  this  ectopia  cordis  the  heart  generally  lies 
in  the  middle  line,  communicating  with  the  inside  of  the  chest  by  a 
narrow  peduncle  composed  of  the  great  vessels.  The  heart  itself  is 
usually  malfonncd.  Sometimes  the  heart  lies  at  the  root  of  the  neck, 
the  manubrium  being  cleft.  Sometimes  ectopia  cordis  occurs  without 
any  cleft  in  the  stermim,  in  which  case  the  heart  lies  in  the  neck  or  in 
the  epigastrium,  in  the  latter  case  projecting  through  an  aperture  in  the 
diaphragm.  These  facts  indicate  a  displacement  by  pressure  from  be- 
hind, and  probably  the  whole  phenomena  are  due  to  dropsy  of  the 
pleural  cavity  at  an  early  period. 

4.  Defective  closure  of  abdomen  (Fissuru  ahclom'malis). — As  noted 
above,  this  is  frequently  associated  with  defect  of  the  thorax.  In  com- 
plete fissure  of  thorax  and  abdomen,  as  there  is  no  umbilicus,  there  is 
usually  no  pro]>er  umbilical  cord,  and  the  vessels  pass  directly  from  the 
placenta  by  the  amnion  to  the  cleft  in  the  abdomen.  The  proper 
abdominal  fis.surc,  in  its  highest  degree,  extends  from  the  ensiform 
cartilage  to  the  pubes.  In  that  case  the  viscera,  are  extruded,  the 
urinary  bladder  is  cleft,  and  the  genital  organs  arc  absent  or  defective. 
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Sometimes  the  defect  is  less,  and  the  abdominal  contents  lie  outside  the 
abdomen  in  a  large  hernial  sac.  The  umbilical  cord  is  usually  absent, 
and  the  placenta  is  directly  in  contact  with  the  sac,  the  vessels  travers- 
ing the  latter  to  reach  the  abdomen.  Tavo  special  forms  merit  more 
particular  attention. 

(a)  Hernia  of  the  umbilical  cord  (Hernia  funiculi  umbilicalis). — This 
is  really  a  minor  degree  of  the  condition  last  mentioned.  There  is,  at 
the  seat  of  the  umbilicus,  a  rounded  tumour,  from  the  distal  extremity 
of  which  the  cord  passes  olF,  there  being  no  proper  umbilicus.  The 
tumour  consists  of  a  peritoneal  pouch  which  is  protruded  through  the 
abdominal  wall.  There  is  an  aperture  in  the  wall  of  the  abdomen,  and 
the  peritoneal  pouch  is  covered  with  amnion,  which  is  continuous  on 
the  one  hand  with  the  surface  of  the  abdomen,  and,  on  the  other,  with 
the  surface  of  the  umbilical  cord.  The  hernia  is  one,  therefore,  of  the 
umbilical  cord,  and  not  simply  of  the  umbilicus.  AVhen  the  cord  drops 
off,  the  amnion  goes  with  it  and  the  peritoneal  sac  is  exposed.  If  the 
tumour  be  large  it  will  become  gangrenous,  and  the  patient  will  rapidly 
succumb.  Even  if  the  tumour  be  small  the  exposure  generally  results  in 
fatal  peritonitis,  and  it  is  only  exceptionally  that  the  gap  in  the  abdomen 
is  closed  by  healing. 

(h)  Fissure  of  the  bladder. — (Inversio  s.  extroversio  vesicce).  In  this  con- 
dition the  abdominal  wall  between  umbilicus  and  pubes  is  incomplete. 
The  allantois  has  failed  to  close  completely  inside  the  abdomen  so  as 
to  form  the  urinary  bladder,  and  the  lateral  borders  of  the  latter  are 
adherent  to  the  sides  of  the  cleft,  while  the  anterior  wall  is  entirelj* 
absent.  The  posterior  wall  of  the  bladder  therefore  fills  the  cleft,  and 
as  it  is  pushed  forward  by  the'  abdominal  viscera  it  jDrotrudes  as  a  soft 
red  area  of  mucous  membrane,  on  the  surface  of  which  the  lU'eters  * 
open,  and  which  readily  bleeds.  At  the  upper  end  of  the  cleft  is  the 
umbilicus  which  is  frequently  displaced  downwards. 

The  defect  geiierallj^  extends  to  the  parts  below.  The  pubic  bones 
do  not  meet  in  the  middle  line,  the  rami  ending  in  rounded  lateral 
prominences.  In  the  female  the  urethra  is  usually  absent  as  well  as 
the  clitoris,  and  sometimes  the  vagina  is  defective  or  absent.  In  the 
male  there  is  a  rudimentarj'^  penis,  which  is  not  traversed  bj''  a  urethra, 
but  presents  on  its  uppei'  surface  a  deep  groove  which  represents  the 
cleft  urethra. 

Minor  degrees  of  the  defect  occur.  The  cleft  may  confine  itself  to  the 
upper  part  of  the  bladder,  which  presents  itself  as  a  red  protrusion  just 
beneath  the  umbilicus,  the  parts  below  being  perfect.  A  still  less 
degree  is  a  simple  persistence  of  the  urachus,  which  forms  an  open 
communication  between  the  bladder  and  the  siu-face  at  the  umbilicus. 
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On  the  other  hand  it  may  be  the  lower  part  which  is  defective,  the 
urinary  bladder  being  well  formed,  but  the  urethra  cleft  and  defective. 
In  the  male  this  constitutes  Epispadias.  The  penis  is  short  and  cleft 
on  its  dorsum,  the  urethra  forming  here  a  deep  groove.  The  groove 
ends  posteriorly  in  an  aperture  which  communicates  with  the  bladder 
beneath  the  pubes. 

The  causation  of  these  malformations  is  obscure.  It  may  be  that 
there  is  a  simple  ftiilure  in  the  formative  material  of  these  parts,  or  that 
an  over-distension  of  the  allantois  has  prevented  a  proper  closure. 

III.— ABNORMAL  CLOSURE  OR  DEFECT  OP  ORIFICES  AND  CANALS. 

Some  of  these  are  local  and  fall  under  their  special  sections,  but  there 
is  one  form  which  has  more  general  results. 

Imperforate  anus,  Persistence  of  cloaca.— Up  to  the  fifth  week  of 
embryonic  life  there  are  no  external  openings  for  the  intestine  and 
urino-genital  organs.  The  rectum  is  still  closed  below,  but  communi- 
cates ^vith  the  allantois,  which  forms  a  common  opening  for  the  in- 
testinal, urinary  and  genital  passages,  and  is  itself  still  open  through  the 
imperfect  abdominal  wall  in  front.  This  condition  may  persist  in  a 
greater  or  less  degree. 

The  most  extreme  form  is  where,  along  with  imperforate  anus,  there 
is  fissure  of  the  abdomen  and  bladder,  a  combination  of  the  conditions 
described  in  last  section  with  that  now  under  consideration.  In  some 
cases  the  colon  is  deficient,  and  the  ileum  may  communicate  Avith  the 
extroverted  bladder.    Such  conditions  are  hardly  compatible  with  life. 

In  the  simpler  forms  there  is  imperforate  anus  and  the  intestine 
communicates  with  urinary  or  genital  passages.  The  communication 
may  be  with  the  vagina  (anus  vaginalis),  or  with  the  urethra  {amis 
urethralii),  or  with  the  urinary  bladder  {anus  vesicalis).  The  communi- 
cations may  be  very  small,  so  that  continuance  of  life  is  impossible  from 
accumulation  of  faeces,  but  there  may  be  fuller  communication,  and 
sometimes  the  condition  is  surgically  remediable. 

Simple  imperforate  anus,  may  be  a  simple  absence  of  the  aperture, 
but  in  many  cases  there  is  also  ii  defect  of  a  portion  of  the  rectum. 
The  latter  condition  may  exist  while  the  anus  is  perfectly  formed. 

IV.— ABSENCE  OR  DEFECT  OF  THE  EXTREMITIES. 

Defective  formation  of  the  extremities  may  be  due  to  a  failure  in  the 
inherent  powers  of  the  germinal  matter  which  forms  these  parts,  or  to 
mechanical  interference.  Where  there  is  a  symmetrical  defect,  then 
we  may  i)resume  that  there  has  l)e(!n  a  failure  in  the  material  destined 
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for  the  limbs,  whereas  a  non-symmetrical  deformity  is  probably 
due  to  a  local  interference.  As  the  limbs  form  by  lateral  expansion, 
they  arc  more  likely  than  other  parts  to  come  in  contact  with  the 
amnion  and  the  umbilical  cord,  or  with  any  band  or  bridge  which  may 
have  accidentally  formed.  There  may  even  be  an  amputation  of  a  limb 
by  the  cord  or  a  band  of  fibrine.    Various  forms  are  described. 

1.  Defect  of  all  the  four  limbs. — (a)  Armhs,  or  absence  of  all  the  ex- 
tremities. The  body  is  usually  well  formed,  but  at  the  shoulders  and 
hips  there  are  short  rounded  or  warty  projections,  at  the  ends  of  which 
there  may  be  horny  or  nail-like  apjaendages.  Sometimes  there  are  ill- 
formed  bones  present. 

(h)  Feromelus.  The  whole  four  extremities  are  defective  or  deformed. 
The  body  may  be  well  formed,  but  sometimes  the  deformity  is  associa- 
ted with  other  malformations  which  prevent  the  persistence  of  life. 

(c)  Phocomelus.  This  is  a  variety  of  the  formei",  in  which  the  long 
bones  are  absent  or  very  defective,  and  the  hands  and  feet  are  seated 
immediately  on  the  shoulders  and  hips  and  are  well  formed. 

2.  Defect  of  the  arms. — (a)  Abmchius.  The  upper  extremities  absent, 
while  the  lower  are  developed. 

(b)  PerohracMus.  Both  arms  are  defective.  The  long  bones  may 
fail  and  the  hands  be  planted  on  the  shoulders,  or  the  arms  may  be 
short  and  deformed,  and  the  hands  have  only  two  or  three  fhigers.  In 
most  cases,  however,  the  upper  arm  is  little  deformed,  but  the  fore-arm 
and  hand  are  defective. 

(c)  Monohrachius.  Absence  of  one  limb.  This  sometimes  occurs  as 
part  of  a  greater  defect  of  the  thorax  and  abdomen,  but  the  body  may 
be  fully  developed. 

3.  Defects  of  the  legs. — Defects  of  the  lower  extremity  are  similarly 
classified  to  those  of  the  upper,  and  have  similar  characters.  We  have 
Apus,  Peropus,  Monopus.  In  the  last  mentioned  the  absence  of  the  leg 
may  be  associated  with  defect  of  the  pelvis  and  protrusion  of  the 
abdominal  contents.  In  addition  to  this  we  have  the  following  special 
form. 

Defect  and  coalescence  of  lower  limbs  {Si/nijnts,  Siren). — This  arises 
by  an  imperfect  development  and  peculiar  distortion  of  the  posterior 
extremity  of  the  embryo,  and  it  involves  not  only  the  limbs,  but  also 
the  pelvis  and  its  organs.  The  osseous  pelvis  is  rudimentary,  the 
external  organs  of  generation  are  seldom  present,  and  the  \irethra  and 
anus  arc  closed.  These  conditions  render  the  continuance  of  life  im- 
possible. The  lower  limbs  are  united  in  varying  degrees,  so  that  the 
body  is  prolonged  downwards  as  a  conical  process  (Simi).  The  legs  are 
revolved  so  that  the  anterior  surfaces  present  backwards,  and  the  coalos- 
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ceiice  is  by  their  miter  aspects,  the  external  condyles  of  the  femur,  the 
fibula^  and  the  little  toes  being  the  jmrts  united.  There  are  various  degrees 
of  union  and  consequently  of  defect.  The  foot  may  be  absent  {Sympus 
apiis),  or  there  may  be  one  foot  at  the  extremity  of  the  combined  leg 
(Synvpus  mompuii),  the  single  foot  being  sometimes  defective,  some- 
times normal,  and  sometimes  Avith  redundant  toes,  or  there  may  be  two 
feet,  which  also  may  present  defects  {Sympus  dipus). 

4.  Defects  of  the  fingers  and  toes. — These  present  themselves  as 
absence  or  defect  of  the  digits,  and  as  coalescence.  These  are  very  frequent 
malformations,  and  they  may  affect  all  four  members,  or  be  limited  to 
two  or  one.  In  cases  of  coalescence  it  is  usually  only  the  skin  which 
unites  the  fingers  or  toes,  but  sometimes  the  muscles  and  tendons  are 
united,  and  more  rarely  the  bones. 

These  defects  of  the  fingers  and  toes  are,  like  polydactilism,  in  a  high 
degree  inherited.  This  applies  to  the  symmetrical  forms,  and  not  to 
such  defects  as  may  be  due  to  mechanical  interference,  as  by  amputa- 
tion. 

III.— ABEREANT  MONSTROSITIES. 

In  this  division  we  include  malformations  in  which  there  is  little  or 
no  quantitative  defect,  but  there  is  a  qualitative  diff'erence  from  the 
normal,  an  error  in  the  development ;  they  are  the  forms  which  Foerster 
has  classified  as  Monstra  per  fabricam  alienam.  The  malformations  afi"ect 
the  thoracic  and  abdominal  viscera  and  the  external  organs  which  are  in 
immediate  connection  with  them.  The  heart  and  blood-vessels  and  the 
generative  organs  are  most  frequently  aff'ected.  The  malformations  of 
these  will  be  described  in  their  special  sections,  we  have  here  to  deal 
with  general  monstrosities. 

Transposition  of  the  viscera  {Situs  trumversus). — This  malforma- 
tion is  not  very  rare.  The  entire  viscera  of  chest  and  abdomen  are 
transposed,  so  that  the  aorta  comes  off"  from  a  right  ventricle,  the  veuiB 
cavse  are  on  the  left  side,  the  liver  is  on  the  left,  the  spleen  on  the  right 
and  so  on.  The  organs  are  properly  formed  and  their  function  is 
normal.  The  existence  of  the  malformation  may  altogether  escape 
observation,  or  may  be  accidentally  discovered  when  the  person  is  being 
examined  medically. 

Transposition  is  constant  in  double  monsters,  the  left  twin  having  the 
normal  arrangement,  and  the  right  having  the  viscera  transposed.  This 
seems  to  indicate  that  in  single  embryocs  the  usual  situation  in  the 
umbilical  vesicle  is  left,  but  that  occasionally  it  may  be  right,  in  which 
case  the  viscera  are  transposed. 
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SECTION  III. 

AFFECTIONS  OF  THE  CIRCULATION  AND  DISTRIBUTION 

OF  THE  BLOOD. 

Fhyriolo(;y  of  the  Circulation. — Innervation  of  Arteries,  etc.  Local 
Hypee^mia. — /.  Active  hyper cemia  ;  caused  chiefly  by  dilatation  of  arterie-'i ; 
phenomena.  II.  Passive  hypcrcemia  ;  caused  chiefly  by  weakness  of  heart  or 
venous  obstruction.  Phenomena,  includinr/  diapedesis,  cedema,  etc.  Local 
An.emia  or  Iscii-t:mia  ;  chiefly  from  obstruction  of  arteries.  Thrombosis  and 
Embolism. — /.  Thrombosis.  Coagulation  of  the  blood.  The  process  of  throm- 
bosis shovm  by  experiment ;  characters  and  forms  of  thrombi.  Causation,  from 
staijnation  of  blood  ;  from  alteration  of  wall.  Growth  of  thrombi.  (Absence  of 
thrombosis  from  capillaries.)  Chanqes  in  thrombi,  chiefly  softening  and  organiz- 
ation. Results  of  thrombosis.  II.  Embolism,  Causation,  chiefly  by  thrombosis. 
Phenomena,  -when  anastomosis  free  are  trivial ;  tvhen  anastomosis  imperfect 
(End  arteries)  frequently  the  hemorrhagic  infarction  ;  various  occurrence  of 
engorgement  of  vessels,  hoimorrhage  and  necrosis  ;  disposal  of  infarction.  Special 
forms  of  embolism,  malignant  tumours,  fat,  air,  and  Infective.  HyEMORRHAGE  ; 
by  rupture  or  by  diapedesis  ;  causation  various  ;  stilling  of  hcemorrhage  ;  seats  of 
effusion  and  disposal  of  the  blood.  CEdema  and  Dropsy,  depend  on  the 
lymphatic  circulation.  Causation  and  nature  of  process  j  rarely  from  lymphatic 
obstruction  ;  usually  from  passive  hyperemia  ;  hydrmmia  and  hydrcemic  plethora 
CM  cames,  especially  in  Bright's  disease  ;  nervous  influences  in  causation.  Position 
and  character  of  exudation. 

Physiology  of  the  Circulation.— In  the  distribution  of  the  blood  the 
capilliirics  and  veins  may  l)e  regarded  as  virtually  utissive  channels. 
They  are  able  to  accommodate  more  or  less  blood  according  to  circum- 
stances, but  of  themselves  they  have  probably  little  to  do  with  the 
variations  in  the  supply.  The  supply  of  blood  to  the  tissues  varies, 
chiefly  according  to  their  needs;  the  brain  or  muscle  while  working  re- 
quires and  gets  a  fidler  and  more  rapid  supply  of  blood  than  when  at 
rest.  This  supply  is  regulated  by  the  artei'ies ;  when  they  dilate  more 
l)lood  passes  into  the  capillaries  and  on  to  the  veins,  and  when  they  con- 
tract less  blood  reaches  the  capillaries  and  veins.  W e  may  regard  the 
arteries  as  regulating  the  supply  of  blood,  the  capillaries  as  distributing 
the  blood,  bringing  it  within  reach  of  the  elements  of  the  tissues,  and 
the  veins  and  lymphatics  as  carrying  it  off'.    The  amount  of  blood 
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admitted  by  the  arteries  depends  on  the  state  of  contraction  or  relaxa- 
tion of  the  muscular  fibre-cells  in  the  middle  coat,  and  this,  like  all 
other  muscular  actions,  is  under  the  command  of  the  nervous  system. 
When  the  vaso-motor  nerves  are  stimulated  the  muscular  coat  contracts, 
when  these  nerves  are  paralysed  it  relaxes,  and  when  a  moderate 
amount  of  stimulus  is  supplied,  then  we  have  that  state  of  modei'ate 
contraction  to  which  the  name  of  Tonicity  is  applied. 

Innervation  of  Arteries. — Hunter  pointed  out  that  the  walls  of 
arteries  possess  not  only  elasticity  but  muscular  contractility,  and  this 
contractility  is  due  to  the  existence  of  the  muscular  fibre-cells  of  the 
middle  coat.  Constriction  of  vessels  is  brought  about  by  stimulation  of 
these  cells,  and  this  is  effected  by  stimulation  of  a  special  set  of  nerve- 
fibres,  the  vaso-constridors.  These  have  been  shown  to  exist  in  the 
symjiathetic  nerves,  and  also  in  the  cerebro-spinal  nerves  of  the 
extremities,  where  they  are  2Derha,ps  derived  from  the  sympathetic 
system.  Division  of  constrictor  nerve-fibres  will  induce  relaxation 
of  arteries,  because  it  "will  remove  the  stimulation  which  keeps  up 
their  tonicity. 

Bernard's  discovery  of  the  fact  that  electric  stimulation  of  the  chorda 
tympani  causes  dilatation  of  the  vessels  of  the  submaxillary  gland, 
proved  the  existence  of  vnso-dilator  fibres,  and  further  observation 
seems  to  prove  that  both  kinds  of  fibres  pass  to  the  vessels  in  all  parts 
of  the  body.    Both  kinds  probably  belong  to  the  sympathetic  system. 

These  facts  have  suggested  that  the  regulation  of  the  calibre  of 
arteries  is  effected  by  the  nerves  through  the  intermediate  action  of 
local  nervous  ganglia  in  or  near  the  walls  of  the  arteries.  Arteries 
may  be  compared  in  their  innervation  as  well  as  in  their  structure  to  the 
heart.  The  heart  has  intrinsic  ganglia  and  it  has  accelerator  fibres 
derived  from  the  sympathetic  which  stimxilate  these  ganglia,  and  in- 
hibitory fibres  from  the  vagus  which  depress  them.  Nervous  ganglia 
have  been  discovered  in  the  neighbourhood  of  very  few  arteries,  chiefly 
those  of  the  submaxillary  gland  and  the  penis,  but  the  nerves  are  known 
to  form  a  close  plexus  around  the  arteries,  and  the  known  facts  can 
only  be  explained  on  the  assumption  of  local  centres.  A  further  proof 
of  this  is  to  be  found  in  the  fact  that  when  arteries  are  cut  oft'  from  all 
central  connections  they  are  still  capable  of  varying  their  calibre.  If 
the  sciatic  nerve  in  a  frog  is  divided,  the  arteries  indeed  dilate,  but 
after  a  time  they  resume,  at  least  partially,  their  state  of  tonicity  and 
are  capable  of  still  further  variations.  Again,  an  excess  of  carbonic 
acid  in  the  blood  will  cause  arteries  to  contract  after  all  their  central 
connections  have  been  severed,  and  they  may  be  made  to  dilate  by 
means  of  chloral  or  atropine. 
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The  vaso-motor  nerves  are  known  to  run,  to  a  large  extent  at  least,  in 
the  sympathetic  system,  and  they  are  under  the  influence  of  the 
sympathetic  ganglia.  The  sympathetic  system,  however,  is  not  an  in- 
dependent one,  and  the  proper  vaso-motor  centres  are  in  the  spinal 
cord  and  medulla  oblongata,  with  which  the  sympathetic  has  numerous 
communications.  Most  of  the  physiological  variations  in  the  calibre  of 
the  vessels  is  brought  about  by  reflex  action,  and  the  reflex  centres  are 
situated  in  the  cord  and  medulla.  From  these  centres  there  seems  to 
pass  a  continuous  slight  stimulation  inducing  that  moderate  contraction 
Avhich  we  name  tonicity.  If  the  connection  be  severed  the  tonicity 
ceases,  the  arteries  dilate.  There  is  a  general  centre  for  the  whole 
vaso-motor  system  in  the  medulla  oblongata.  When  this  is  stimulated 
all  the  arteries  appear  to  contract.  When  it  is  destroyed  all  the  arteries 
in  the  body  dilate.  But  without  being  destroyed  the  centre  may  be  _ 
paralysed  or  inhibited.  It  is  inhibited  by  the  inhalation  of  nitrite  of 
amyl,  and  the  arteries  dilate.  It  may  also  be  inhibited  by  the 
stimulation  of  a  nervous  branch  which  passes  upwards  from  the  heart, 
the  depressor  nerve.  This  general  centre,  therefore,  has  nervous  con- 
nections of  a  similar  kind  to  the  local  ganglia. 

Literature. — A  very  good  historical  account  of  the  physiology  of  the  vessels 
is  that  in  Von  Eecklinghausen's  Handbuch  der  allgemeiner  Pathologic,  1883,  p.  4 
et  seq.  See  also  Hunter,  On  the  blood,  inflammation,  and  gunshot  wounds,  1793, 
Palmer's  ed.  vol.  iii.,  p.  145;  Henle,  Pathologische  Untersuchungen,  1840;  Hand- 
buch d.  rationelle  Pathologie,  1846;  BERNAno,  several  series  of  Lepons,  1858-1876; 
Lister  (who  inferred  the  existence  of  peripheral  ganglia),  Phil.  Trans,  for  1858,  vol. 
cxlviii;  Waller,  Proceedings  of  Eoy.  Soc,  1862.  Cyon  &  Ludwig,  Ludwig's 
Arbeiten,  1866  and  1867;  Vulpl^n,  Lemons  sur  I'appar.  vasomot.,  1875;  Stilling, 
.lenaische  Annalen,  1851.  Saviotti,  Virchow's  Archiv,  1.1870;  Golz,  Virchow's 
Archiv,  vols,  xxvi.,  xxviii.,  and  xxix. 


LOCAL  HYPER.^MIA. 

This  term  is  applied  to  conditions  in  which  the  vessels,  and  especially 
the  capillaries,  contain  an  excess  of  blood.  Two  forms  are  distinguished 
according  as,  on  the  one  hand,  the  blood  is  too  freely  admitted  by  the 
arteries,  or,  on  the  other,  meets  with  some  obstacle  to  its  passage  by  the 
veins.  These  arc  called  respectively  active  or  arterial  and  passive  or 
venous  hypersemia. 

I.— ACTIVK  OR  ARTERIAL  HYPER/EMIA.    ACTIVE  CONGESTION. 

This  occurs  when  an  excess  of  blood  is  admitted  by  the  arteries  into 
a,  part.  The  terras  atonic  and  arterial  hyperaimia  are  synonymous 
with  active;  hvT)er{)emia,  as  are  also  fluxion  and  determination  of  blood.      r  , 
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Causation.— Active  hypersemia  is  brought  about  chiefly  by  causes  which 
i'lt^uce  dilatation  of  the  arteries,  although  a  local  increase  of  blootl- 
pressure.  by  forcing  more  blood  into  the  arteries,  will  have  a  similar  effect. 

Local  increase  of  blood-pressure  is  not  of  frequent  occurrence, 
because  as  a  general  rule  the  vessels  are  so  completely  under  the 
regulation  of  the  nervous  system  that  a  rapid  accommodation  is  readily 
effected,  by  contraction  of  the  arteries.  If  the  arteries  be  diseased, 
however,  so  that  their  walls  are  rendered  rigid  (as  by  atheroma)  then 
variations  in  blood-pressure  will  not  be  readily  compensated.  Hence 
in  old  people,  whose  cerebral  arteries  are  atheromatous,  temporary 
increase  of  blood-pressure  may  cause  congestion  of  the  brain. 

Collateral  hypersemia  might  be  supposed  to  be  due  to  a  local 
increase  of  blood-pressure.  It  occurs  when  in  consequence  of  ob- 
struction of  an  artery  or  otherwise,  the  blood  suj^ply  is  diminished 
in  one  locality,  with  the  result  that  there  is  an  increase  in  the 
amount  of  blood  in  another,  generally  a  neighbouring  locality. 
DoulDtless  an  obstruction  in  an  artery  leads  to  increase  of  pressm-e 
in  the  arteries  proximal  to  the  obstruction,  and  there  may  be 
a  resulting  hypersemia  of  neighbouring  parts  which  wall  assist  in 
establishing  an  anastomotic  circulation.  But  the  problem  is  not  always 
so  simple  as  this.  The  arteries  are  so  completely  under  the  command 
of  the  nervous  system  that  the  site  of  the  collateral  hypersemia  is 
frequently  at  a  certain  distance  from  that  of  the  ansemia,  and  is  de- 
termined not  by  increase  of  blood-pressure  but  by  relaxation  of  arteries. 
Thus  obstruction  of  one  renal  artery  will  induce  collateral  hypersemia  in 
the  kidney  of  the  opposite  side. 

Dilatation  of  arteries  leads  more  directly  to  active  hypersemia  in 
several  different  ways.  It  may  be  due  to  purely  local  causes,  or  to  an 
action  on  the  vaso-motor  nerves  or  the  vaso-motor  nerve-centres. 

As  examples  of  dilatation  of  arteries  from  Local  causes  may  be  cited 
cases  in  which  the  sudden  withdrawal  of  pressure  induces  local  hyper- 
semia. When  the  abdomen,  for  instance,  is  the  seat  of  a  collection  of 
fluid,  jjressure  is  exercised  on  the  vessels,  and  the  arteries  will  relax 
as  completely  as  possible  to  allow  the  blood  to  overcome  the  pressure 
from  without.  But  if  the  fluid  in  the  abdomen  be  suddenly  removed, 
the  pressure  outside  the  vessels  will  be  greatly  reduced  and,  till  the 
arteries  have  time  to  contract,  there  will  be  an  active  hypera?mia.  This 
effect  of  the  sudden  removal  of  pressure  is  generally,  at  least  in  part, 
obviated  by  the  application  of  a  bandage.  On  similar  principles  removal 
of  large  ovarian  tumours  which  have  pressed  on  the  kidncj?s  and  renal 
arteries  sometimes  leads  to  active  hyperfemiaof  the  kidneys,  which  may 
be  accompanied  by  albuminuria. 
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Other  examples  of  active  hyperseniia  due  to  local  causes  are  afforded 
by  the  application  of  warmth  to  the  surface  of  the  body  as  by  poultices, 
the  result  being  a  direct  dilatation  of  the  cutaneous  arteries.  Mechani- 
cal irritation  of  the  skin,  as  by  stroking  it,  usually  induces,  first  a  con- 
traction of  the  arteries,  evidenced  by  paleness,  and  then  a  dilatation, 
shown  by  a  red  streak.  Similarly  chemical  irritants  2)i'oduce  dilatation, 
sometimes  preceded  by  contraction,  the  dilatation  leading  to  active 
hyperasmia,  which,  in  this  case,  may  be  the  first  phenomenon  of 
inflammation.  Again  a  mere  temporary  deprivation  of  blood  may  induce 
dilatation  of  arteries  and  a  local  hyperajmia.  Thus  in  surgical  opera- 
tions when  the  circulation  has  been  suspended  by  the  application  of 
an  elastic  bandage,  the  removal  of  the  latter  is  often  followed  by  an 
active  hyperemia. 

Active  hypertemia  due  to  causes  influencing  the  Vaso-motor  nerves 
may  be  produced  by  paralysis  of  thevaso-constrictors  or  by  irritation  of  the 
vaso-dilators.  Injury  or  disease  of  the  sympathetic  nerve  in  the  neck 
is  sometimes  followed  by  unilateral  congestion  of  the  face,  and  unilateral 
sweating  together  vnth  narrovidng  of  the  pupil,  small ness  of  the  eyeball 
and  ptosis,  these  all  being  signs  of  paralysis  of  the  sympathetic. 

Such  cases  have  been  clesciibecl  by  Weir  Mitchell  and  others  as  following  gun- 
shot wounds,  etc.,  and  by  Hutchinson  as  the  consequences  of  fractures  of  the  clavicle  ; 
but  some  of  the  manifestations,  at  least,  may  ensue  from  the  pressure  of  tumours, 
or  aneurysms,  or  the  extension  of  abscesses,  tuberculosis,  etc.,  to  the  neighbourhood 
of  the  sympathetic  in  the  neck. 

In  certain  forms  of  neuralgia,  especially  in  hemicrania,  the  phenomena  indicate 
first  an  irritation  and  then  a  paralysis  of  the  vaso-constrictors.  Du  Bois-Eeymond 
by  analysis  of  his  own  symptoms  in  such  attacks  came  to  this  conclusion.  In  his 
case  there  was  redness  of  the  external  ear ;  in  other  cases  redness  of  the  retina  has 
been  observed.  The  temperature  as  tested  by  the  thermometer,  in  the  external 
meatus,  is  usually  raised,  both  in  the  neuralgic  cases  and  those  due  to  injury. 

There  are  comparatively  few  cases  of  active  hyperjemia  which  can  be 
directly  referred  to  irritation  of  the  vaso-dilators,  but  after  wounds  of 
nerves,  and  during  the  process  of  healing  there  sometimes  occur  severe 
attacks  of  pain  accompanied  by  redness  and  elevation  of  temperature, 
which  seem  only  explicable  on  the  supposition  that  the  vaso-dila,tors  are 
irritated.  These  phenomena  arc  sometimes  followed  by  trophic  dis- 
turbances, more  particularly  the  "  glossy  skin  "  of  Paget. 

Paralysis  of  Vaso-motor  centres  is  calculated  to  induce  active  hyper- 
ffimia  if  the  dilatation  of  the  arteries  be  localized.  Thus  in  a  case 
observed  by  the  author  there  was  a  traumatic  lesion  of  the  medulla 
oblongata  which  injured  the  vaso-motor  centres  of  the  kidneys.  The 
residt  was  an  intense  hypertemia  of  Ijoth  kidneys,  visil)le  after  death, 
and  manifested  during  life  by  an  excessive  secretion  of  watery  urine. 


58 


AFFECTIONS  OF  THE  CIRCULATION. 


During  the  few  hours  of  life  a  large  quantity  of  urine  -vvas  twice  removed 
hy  catheter,  and  after  death  the  bladder  was  found  greatly  distended. 
Some  authors  ascribe  diabetes  mellitus  to  paralysis  of  the  centres  in  the 
medulla  oblongata,  or  in  the  semilunar  ganglion.  Such  a  paralysis 
would  induce  congestion  in  the  abdominal  organs,  and  more  especially 
in  the  liver.    (See  section  on  Diabetes.) 

Phenomena  of  active  congestion. — When  a  local  dilatation  of  the 
finer  arteries  of  a  part  occurs,  the  most  direct  result  is  that  the  blood 
is  admitted  more  freely,  and  at  an  accelerated  rate.  It  meets  with  less 
resistance  in  the  arteries,  and  reaches  the  capillaries  and  veins  at  a 
higher  pressure  than  normal.  The  part  so  affected  is  of  a  bright  red 
colour,  and,  if  it  be  an  external  part,  its  temperature  is  raised.  In 
many  cases  the  active  congestion  is  of  short  duration,  but  if  it  continue 
it  leads  commonly  to  more  definite  changes.  There  is  increased 
transudation  from  the  vessels,  and  consequent  swelling.  The  secretion 
of  the  part  is  increased.  This  has  been  observed  more  particidarly  in 
the  case  of  the  secretion  of  sweat  j  unilateral  hypersemia  and  sweat- 
ing have  been  ascribed  to  pressure  on  the  sympathetic  by  an  aneurysm 
(Gairdner)  or  a  tumour  (Ogle  and  Verneuil).  There  may  also  be 
considerable  hypertrophy  in  consequence  of  active  hyperemia.  (See 
Hypertrophy.) 

It  has  been  said  that  active  hyperfemia  may  lead  to  haemorrhage,  but 
experiment  seems  to  prove  that  even  a  very  great  rise  in  the  blood- 
pressure  in  the  capillaries  does  not  lead  to  haemorrhage  unless  the 
vessels  are  badly  supported,  or  else  defective  in  some  way.  By 
obstructing  the  respiration  in  a  dog  the  arterial  pressure  may  be  raised 
enormously,  but  there  is  no  rupture  of  the  capillaries,  or  only  in  such 
delicate  structures  as  the  retina,  brain,  or  conjunctiva.  The  increase 
in  pressure  in  a  pure  active  hyperfemia  is,  of  course,  greatly  less  than 
this. 

Literature. — Weie  Mitchell,  Morehouse,  and  Keen,  Gunshot  wounds  and 
other  injuries  of  nerves,  1864;  Hutchinson,  Lond.  Hosp.  Eeports,  186(5;  Weik 
Mitchell,  Injuries  of  nerves  and  their  consequences,  1872 ;  Denm.uik,  Med.  chir. 
trans,  iv.;  Paget,  Med.  Times  and  Gaz.,  1864;  Bergeb  (Hemicrania),  Virchow's 
Archiv,  vol.  liv.,  1874  ;  Gaiedneh,  Clin.  Med.,  1862,  p.  557 ;  YEiixEt:iL,  Gaz.  des 
hOpit.  1864. 

II.— PASSIVE  vOR  VENOUS  HYPEFv^MIA  OR  PASSIVE  CONGESTION. 

This  is  a  condition  in  which  the  blood  stagnates  in  the  vessels ;  they 
are  overfilled  with  blood  which,  as  it  remains  too  long  in  the  vessels, 
has  a  venous  character,  hence  passive  hyperoemia  is  also  called  Venous 
Hyperaemia. 
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Causation.— Passive  hypera?mia  frequently  occurs  as  a  consequence 
of  Weakness  of  the  heart.  In  the  normal  state  the  forces  of  the 
circulation,  in  order  to  remove  the  blood  from  depending  parts,  have 
to  overcome  gravitation.  The  force  of  the  heart  propagated  through 
arteries  and  capillaries  to  the  veins  is  generally  sufficient  to  do 
this.  It  is,  however,  assisted  by  the  muscular  movements,  which, 
in  conjunction  with  the  valves  in  the  veins,  materially  assist  the  venous 
current ;  also  by  the  aspiration  effected  by  the  inspiratory  movements. 
But  if  the  heart  is  weak,  the  blood  is  apt  to  linger  in  depending  parts 
or  in  parts  far  removed  from  the  centre  ;  hence  the  name  Hypostasis 
or  Hypostatic  hypersemia  applied  to  such  conditions.  Weakening  of 
the  heart  occurs  in  many  forms  of  disease.  It  is  often  very  marked  in 
fevers,  such  as  typhus  and  typhoid,  or  in  long-continued  debilitating 
diseases,  which  produce  annemia.  In  these  cases  the  blood  often  stag- 
nates in  the  dependent  parts  of  the  lungs,  or  in  depending  parts  of  the 
skin,  over  the  sacrum  and  shoulder  blades  in  persons  lying  on  their 
backs,  over  the  trochanters  in  persons  lying  on  their  sides.  In  these 
latter  situations  the  weakness  of  the  circulation  along  with  the  mechani- 
cal effects  of  the  weight  of  the  body  and  the  irritation  of  decomposing 
material,  leads  frequently  to  the  sloughing  of  the  skin  and  the  forma- 
tion of  bed-sores.  In  fevers  there  may  be  hypersemia  of  the  extremities 
of  the  fingers  or  toes,  resulting  even  in  necrosis  or  gangrene. 

Again,  there  may  be  difiiculty  in  overcoming  gravitation  on  account 
of  the  force  of  the  heart  being  partly  lost  by  reason  of  Obstruction  of 
arteries.  Thus  atheroma,  by  producing  a  thickening  of  the  internal 
coat  may  cause  a  partial  obstruction,  which  is  often  increased  by  the 
formation  of  thrombi  on  the  affected  surface.  In  consequence  of  this,  the 
force  of  the  heart  may  be  insufficient  and  the  blood  stagnate5in  the  parts 
supplied.  Complete  occlusion  of  an  artery  will  under  certain  circum- 
stances produce  extreme  passive  hyperajmia.  (Hsemorrhagic  infarction, 
see  under  Embolism). 

Obstruction  of  veins,  however,  is  the  most  direct  cause  of  passive 
hyperajmia.  This  may  be  prodixced  by  pressure  of  tumours,  exudations, 
bandages,  the  pregnant  uterus,  even  hard  masses  of  fEeces,  by  coagula- 
tion of  blood  within  the  veins,  or  by  the  bursting  of  tumours  into 
veins,  or  their  growth  through  their  walls. 

Lastly,  Disease  of  the  valves  of  the  heart  produces  in  a  large  pro- 
portion of  cases  a  general  venous  hyperaemia. 

Phenomena  of  passive  hpyersemia. — Taking  the  simplest  case,  that 
of  olistructioii  of  a  venous  stem,  the  first  result  is  an  increase  of  blood- 
pressure  in  the  veins  behind  the  point  of  obstructioii,  and  an  accunuila- 
tion  of  blood  in  the  part.    If  the  veins  have  abundant  anastomoses,  then 
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the  blood  will  soon  to  a  considerable  extent  find  its  way  by  other 
channels  and  the  normal  conditions  be  restored.  But  from  the  list 
of  caiises  of  passive  hyperajmia  it  will  be  seen  that  most  of  these  involve 
sets  of  veins,  or  whole  regions  of  the  body  ;  even  in  the  case  of  throm- 
bosis, the  coagulation  usually  extends  to  a  number  of  veins  ;  hence,  relief 
by  anastomosis  cannot  be  obtained.  Apart  from  relief  by  anastomosis, 
however,  it  might  be  supposed  that  when  obstruction  in  a  vein  occurs  the 
increase  of  pressure  would,  as  in  the  case  of  obstruction  of  an  artery,  be 
compensated  by  changes  in  the  state  of  contraction  of  the  arteries.  But 
a  local  relaxation  of  the  arteries  would  only  intensify  the  result  by 
superinducing  an  active  hypersemia,  and  the  desired  compensation  could 
only  be  effected  by  a  reduction  of  the  blood-pressure  throughout 
the  system,  which  will  scarcely  happen.  The  increase  of  pressure  re- 
mains, and  it  affects  not 
only  the  veins  but,  more 
particularl}^,  the  capil- 
laries. 

The  further  effects  .are 
to  be  traced  to  the  ex 
cessive  pressure  in  the 
capillaries.  The  blood 
accumulates  in  excessive 
quantity  in  these  vessels 
and  at  an  excessive  pres- 
sure. In  consequence  of 
this  an  increase  in  the 
natui'al  transudation  of 
fiiiid  through  the  capil- 
laries occurs,  and  the 
blood  corpuscles,  es- 
pecialljr  the  red  ones, 
escape  from  the  vessels. 
Each  of  these  pheno- 
mena merits  more  special 
consideration. 

Haemorrhage  by  diapedesis  is  the  escape  of  the  red  corpuscles  from 
the  blood-vessels  without  rupture  of  their  walls.  This  process  occurs 
mainly,  if  not  entirely,  in  the  capillaries,  and  it  can  be  shown  by  ex- 
periment that  it  does  not  involve  rupture  of  these  vessels.  If  the 
tongue  of  a  frog  is  ligatured  at  its  base  so  as  to  include  all  the  veins, 
but  excluding  the  artery,  there  wiU  be  the  phenomena  of  hyperasmia 
greatly  intensified,  and  among  these  phenomena  diapedesis.    But  if  the 


Fig.  1. — Normal  capil- 
lary, with  endothelium 
mapjjed  out  by  treatment 
with  nitrate  of  silver. 


Fig.  2. — Capillaries  after  p.as- 
sivehypera3raia.  Apertures  Ije- 
tween  the  cells  greatly  enlarged; 
the  so-called  stoniata.  (Ar- 
nold.) 
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ligature  he  loosened  within  a  moderate  period,  the  circulation  is  restored, 
and  the  phenomena  disappear.  If  the  escape  of  blood  corpuscles  had 
l)een  by  rupture,  it  would  have  continued  after  resumption  of  the  circu- 
lation. As  to  the  manner  in  Avhich  corpuscles  escape,  it  is  probable  that 
they  pass  between  the  endothelial  cells.  Fig.  1  shows  the  appearance  of 
the  endothelium  of  a  capillary  mapped  out  by  treatment  with  nitrate  of 
silver,  and  Fig.  2  shows  capillaries  similarly  treated  after  passive 
hyperaemia  had  existed.  The  latter  illustration  is  taken  from  Arnold, 
who  asserts  that  while  in  the  normal  condition  there  axe  minute 
apertures  between  the  endothelial  cells,  chiefly  at  the  angles  where  two 
or  three  meet,  these  are  found  much  enlarged  in  passive  hyjDergemia. 
The  small  apertures  may  be  called  stigmata,  and  the  larger  ones  stomata. 
Thd  excessive  pressure  in  the  capillaries  seems  to  be  the  chief  agent  in 
causing  the  escape  of  the  cor^DUScles  as  well  as  the  increased  transuda- 
tion of  Hi;id.  The  hfemorrhage  is  usually  inconsiderable,  but  in  some 
cases  it  attains  to  considerable  amounts.  (See  under  Thrombosis  of 
cerebral  sinuses. ) 

That  there  is  an  increased  Transudation  of  fluid  can  be  directly  proved 
by  experiment.  The  flow  in  the  lymphatic  vessels  has  been  proved  to 
l)e  excessive.  If  the  lymphatics  are  not  capable  of  disposing  of  the 
entire  excess,  then  the  fluid  accumulates  in  the  serous  sj^aces  and 
cavities  of  the  body,  giving  rise  to  Gldema  and  Dropsy,  which  are 
to  be  more  fully  considered  afterwards.  This  accumulation  will  occur 
if,  on  the  one  hand,  the  transudation  be  too  excessive  for  the  lymphatics 
to  di.spose  of  it,  or  if  on  the  other,  for  some  reason,  the  lymphatics  do 
not  take  it  up  sixfficiently.  The  current  in  the  lymphatics  depends  on 
the  blood-pressure,  and  we  have  just  seen  that  the  cause  of  the  in- 
creased tran.sudation  is  excess  of  blood-pressure,  and  so  the  same 
condition  which  determines  the  increase  will,  to  a  certain  extent, 
cause  it  to  be  more  rapidly  disposed  of  In  cases  of  hypostasis, 
however,  there  is  a  special  tendency  to  oedema.  The  hypersemia 
here  is  due  as  wo  have  seen,  to  weakness  of  the  heart  associated 
with  the  action  of  gravitation.  Both  of  these  causes  will  equally 
act  on  the  lymphatic  circulation  and  induce  the  transuded  fluid  to  linger 
and  accumulate. 

The  exuded  fluid,  as  may  be  inferred,  contains  red  corpuscles,  but  it 
does  so  to  a  much  less  extent  in  actual  pathological  jjrocesses  than  might 
be  .supposed  from  experiments  in  animals.  In  the  latter  there  is  a  sud- 
den obstruction,  with  exaggerated  results  ;  in  actual  disease  in  man  the 
processes  usually  develop  slowly,  and  there  is  some  accommodation  of 
the  vessels.  It  should  be  added  that  the  white  corj)usclcs  pass  out  of 
the  vessels  as  well  as  the  red,  but  not  to  such  an  extent,  and  that  the 
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corpuscles,  both  red  and  wliite,  escape  from  the  small  veins  as  well  as 
from  the  capillaries. 

The  part  which  is  the  seat  of  passive  hypersemia  will  be  unduly  red 
and  the  colour  will  be  dark  or  livid.  It  will  be  swollen,  both  from  the 
overfilling  of  the  vessels  and  from  the  oedema,  and  it  will  usually  be 
lowered  in  temperature.  In  organs  readily  capable  of  increase  in  bulk, 
there  may  be  considerable  Enlargement  as  a  result  of  passive  hyperaemia. 
This  is  especially  the  case  in  the  spleen. 

Two  other  consequences  frequently  follow  in  prolonged  passive 
hypersemia.  The  distended  capillaries  exerting  pressure  on  the  sur- 
rounding structures  may  through  time  produce  Atrophy.  This  is  seen 
especially  in  passive  hypersemia  of  the  liver,  where  the  central  parts  of 
the  lobules  often  show  a  striking  absence  of  hepatic  cells.  It  i^  also 
seen  in  the  kidney  and  the  retina.  An  opposite  result  is  effected  by 
prolonged  passive  congestion  in  the  connective  tissue,  namely  Hyper- 
trophy, induced  by  the  increased  transudation  which  bathes  the  con- 
nective tissue.  The  hypertrophied  connective  tissue  is  dense  and  it 
i^ives  increased  density  to  the  organs  affected,  hence  the  term 
Cyanotic  Induration,  applied  to  it.  This  is  very  common  as  a  result 
of  valvular  disease  of  the  heart  and  is  seen  in  the  heart  itself,  the 
lungs,  kidneys,  liver,  etc.  In  the  lungs  the  induration  is  associated 
with  pigmentation,  due  to  the  haemorrhage  by  diapedesis,  hence  the 
term  Brown  Induration. 

Necrosis  or  death  of  parts  is  not  a  common  result  of  passive 
hypersemia.  It  occurs  when  the  conditions  are  such  as  to  produce  com- 
plete stagnation  of  blood.  If  a  loop  of  intestine  be  caught  in  a  hernia 
in  such  a  way  as  to  obstruct  all  the  veins,  then  passive  hypersemia  may 
be  followed  by  gangrene.  Similarly  ligature  of  the  femoral  vein  or  its 
obstruction  by  a  tumour  may  produce  gangrene,  as  this  vein  has  few 
and  insufficient  anastomoses.  This  only  occurs  if  the  vein  be  suddenly 
obstructed. 

Literature. — For  good  account  of  passive  hyperffimia,  from  experimental  side,  see 
Cohnheim's  Allgem.  Pathologie,  2iid  ed.,  vol.  i.,  p.  138.  See  also  Recklinghausen, 
Allgem.  Path.,  p.  28;  Arnold,  Virehow's  Avchiv.  Iviii.,  1873;  and  Zielonko,  ibid, 
Ivii.,  1873. 

.1 

LOCAL  ANEMIA  OK  ISCH.EMIA. 

In  this  condition  the  vessels  arc  more  or  less  emptj-  of  blood,  and  the 
part  is  correspondingly  pale. 

Causation. — The  vessels,  and  especially  the  capillaries,  may  be 
directly  emptied  by  pressure  from  without.  We  have  an  artificial 
anaemia  produced  in  this  way  by  Esmarch's  elastic  bandage.    A  tumour 
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or  ail  abscess  may  by  pressure  empty  the  vessels,  and,  if  long  continued, 
this  may  lead  to  necrosis  of  the  structure  concerned.  In  most  cases, 
however,  antsmia  is  due  to  obstruction  of  arteries  and  this  may  occur 
in  various  ways. 

Spasm  of  arteries,  that  is  to  say,  violent  contraction  of  their  middle 
coat,  may  cause  such  obstruction  as  to  produce  an  extreme  anaemia. 
The  application  of  cold  to  the  skin  causes  contraction  of  the  cutaneous 
arteries — ether  spray  causes  a  striking  ansemia  by  this  means.  The 
rigor  at  the  beginning  of  many  fevers,  accompanied  as  it  is  by  paleness 
and  coldness  of  the  surface,  is  due  to  spasm  of  the  cutaneous  arteries. 
In  some  persons  the  vaso-motor  system  is  peculiarly  sensitive  and 
slight  causes  are  sufficient  to  induce  spasm  of  the  arteries. 

The  series  of  phenomena  which  may  be  thus  produced  is  grouped  under  the 
name  of  Raynaud's  disease,  from  the  writer  who  first  gave  a  full  description  of  these 
phenomena.  In  predisposed  persons  an  ordinary  exposure  to  cold,  as  in  washing, 
will  induce  such  a  spasm  as  to  render  the  fingers  bloodless  and  ansBsthetic ;  they 
are  said  to  be  "  dead  "  {local  syncope).  In  more  severe  cases  the  skin  becomes  dark 
blue  and  various  eruptions  may  form  [local  mphyxia).  In  very  severe  cases  there 
may  be  actual  necrosis  of  the  ends  of  the  fingers  and  toes.  This  form  of  disease  is 
always  symmetrical.  Some  neuralgias  are  associated  with  spasm  of  arteries. 
(Du  Bois-Keymond.) 

Disease  of  the  walls  of  arteries  may  narrow  their  calibre,  more 
especially  atheroma  and  endarteritis  obliterans  (which  see).  In  both 
these  conditions  there  is  thickening  of  the  internal  coat,  but  it  is  only 
when  they  occur  in  small  arteries  that  serious  obstruction  results. 
In  the  case  of  atheroma,  thrombosis  or  coagulation  of  the  blood  is  often 
superadded  and  materially  increases  the  obstruction.  Lastly,  arteries 
may  be  obstructed  by  ligature  or  by  plugging.    (See  Embolism). 

Phenomena  and  results. — The  case  of  complete  obstruction  of 
arteries  will  be  considered  more  fully  under  embolism.  Where  there  is 
incomplete  obstruction  some  blood  will  pass  by  the  arteries,  but  the 
capillaries  will  be  imperfectly  filled.  The  part  will  be  pale,  reduced  in 
temperature,  flaccid.  Its  nutrition  will  be  diminished,  and  its  elements 
prone  to  undergo  atrophy  and  degeneration,  or  even,  as  we  have 
already  seen,  necrosis.  The  function  will  be  interfered  with  if  the 
nutrition  is  depreciated,  and  if  the  ansemia  affect  an  important  organ, 
the  results  may  be  serious.  Thus,  obstruction  of  the  coronary  arteries 
may  cause  death  by  paralysis  of  the  heart.  Lastly,  a  local  anaemia  may 
produce  a  hypersemia  elsewhere — a  collateral  hypcrsemia. 

Literature. — Ekcklinohausen's  Handbuch,  p.  .H5 ;  Vincnow,  Handbuch  d.  spec. 
Path,  und  Therapie,  vol.  i. ;  Eaynaud,  De  I'asphyxie  local  et  da  la  gangrene 
syni6tri(iue,  18()2;  and  Arch.  g6n.  de  mk\.  xxiii.,  1874;  Du  Bois-Keymond,  Arch. 
{.  Anat.  und  rhysiol.,  IHOO. 
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THROMBOSIS  AND  EMBOLISM. 

These  two  conditions  are  often  associated,  but  must  be  carefully  dis- 
tinguished. Thrombosis  is  the  coagulation  of  blood  within  the  vessels 
or  heart.  Embolism  is  the  obstruction  of  a  vessel  by  a  plug  brought 
from  a  distance.  The  coagulum  which  forms  in  thrombosis  is  a  thrombus, 
the  plug  which  obstructs  in  embolism  is  an  embolus.  A  thrombus 
detached  from  its  place  becomes  an  embolus,  and  an  embolus,  whether 
consisting  of  coagulum  or  not,  may  grow  by  successive  deposition  of 
clot  or  thrombosis. 

I.— THEOMBOSIS. 

In  considering  the  mode  of  occurrence  of  thrombosis,  it  is  necessary 
to  refer  to  the  Coagulation  of  blood.    According  to  the  views  which 
are  identified  with  the  name  of  Alexander  Schmidt  (although  Andrew 
Buchanan  anticipated  many  of  his  results)  three  agents  are  necessary 
for  coagulation,  the  fibrinogen,  the  fibri no-plastic  substance  or  para- 
globulin,  and  the  fibrine  ferment.    The  two  former  unite  to  form  fibrine 
in  the  presence  of  the  latter.    The  fibrinogen  is  dissolved  in  the  blood- 
plasma;  the  paraglobulin,  at  least  chiefly,  and  the  ferment,  entirely, 
reside  in  the  white  corpuscles.     It  is  only  by  destruction  of  the  white 
corpuscles  that  the  paraglobulin  and  ferment  are  set  free ;  so  long  as 
the  white  corpuscles  circulate  in  the  blood  and  remain  alive  fibrine 
cannot  form.    Fibrine  will  form  when  the  conditions  are  such  that  the 
white  corpuscles  are  no  longer  preserved  alive.    Fibrine,  it  will  thus  be 
seen,  is  the  result  of  a  chemical  combination,  and  the  resulting  albumin- 
ous substance,  the  fibiine,  is  not  a  vital  structure  but  a  dead  chemical 
compound.    In  order  to  the  preservation  of  the  white  coriDuscles  they 
must  not  be  exposed  to  the  contact  of  dead  matter.    You  may  keej) 
blood  fluid  for  a  long  time  if  you  simply  ensure  that  it  is  in  contact 
with  living  tissue.    Lister  long  ago  showed  that  if  an  artery  be  liga- 
tured in  two  places,  and  cut  out  while  full  of  blood,  it  may  be  hung  up 
and  the  blood  will  remain  fluid  for  some  days.    AVithin  the  body  if  a 
vessel  be  ligatured  carefully  in  two  places,  the  middle  portion  remaining 
in  connection  with  the  living  tissues,  then  the  blood  may  be  kept  fluid 
from  twelve  to  fifteen  days.    When  blood  is  exposed  to  a  perfectly 
smooth  surface,  even  if  it  be  of  dead  matter,  it  does  not  coagulate 
readily.    Thus  a  piece  of  glass  in  the  circulating  blood  docs  not  indvice 
coagulation,  and  blood  in  a  vessel  whose  internal  surface  is  smeared 
with  oil  does  not  readily  coagulate. 

It  appears  from  the  observations  of  Eauscheubach  that  the  cells  of  lymphatic 
glands  when  treated  with  water  yield,  like  leucocytes,  the  ferment  necessary  for 
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coagulation.  Most  other  cells  probably  possess  a  similar  power.  Foa  and  Pellacani 
assert  that  when  fresh  brain  substance  is  treated  with  water  and  filtered,  the  filtrate, 
injected  into  the  jugular  vein  of  rabbits  induces  rapid  coagulation. 

Hayem  and  Bizzozero  have  recently  alleged  the  presence  of  a  third  form  of  cor- 
puscle in  the  blood.  Hayem  gives  the  name  hmmatob^ast,  and  Bizzozero  that 
of  Blutpliittchen  to  this  coi-puscle.  Hayem's  name  implies  the  view  that  these  form 
the  red  coiiDuscles,  and  as  this  view  is  probably  incorrect  the  name  is  inadmissible. 
We  shall  refer  to  them  imder  the  designation  blood-disklets.  They  are  small 
colourless  bodies,  oval  or  round  in  outline  and  disc-shaped.  In  cold-blooded  animals 
there  are  spindle-shaped  bodies  which  are  regarded  as  of  a  similar  nature.  The 
disklets  undergo  rapid  changes  when  once  removed  from  the  body,  running  together 
into  indefinite  granular  masses.  The  existence  of  the  disklets  as  definite  coi^puscles 
has  been  questioned  by  several  observers  (Lowit,  Weigert),  and  it  is  acknowledged 
that  they  are  difficult  of  detection  on  account  of  the  readiness  with  which  they 
change  when  the  blood  is  shed.  Bizzozero,  however,  asserts  that  he  has  seen  them 
in  the  circulating  blood  of  the  mesentery  of  guinea-pigs  and  rabbits.  They  may 
be  prevented  from  changing  if  the  blood  be  rapidly  dried  on  a  cover  glass  and 
stained  with  methylviolet  (Schimmelbusch).  Bizzozero  asserts  that  it  is  the  disk- 
lets  and  not  the  leucocytes  which  have  to  do  with  coagulation.  He  would  adopt  the 
view  given  above  of  this  process,  substituting  the  disklets  for  leucocytes.  This 
view,  however,  has  not  been  supported  by  subsequent  observers.  (See  Eberth  and 
Schimmelbusch.) 

The  Process  of  thrombosis. — If  a  portion  of  blood  inside  a  vessel  be 
cut  off  from  the  circulation,  then  it  will  by  and  by  coagulate  just  as  it 
does  outside  the  body,  the  main  agent  in  the  coagulation  being  the  dis- 
integrating white  corpuscles.  In  this  way  a  Red  thrombus  is  produced. 
But  vessels  are  rarely  so  situated  as  to  allow  of  a  complete  coagulation 
such  as  this ;  much  more  frequently  the  thrombus  is  formed  from  the 
blood  which  is  still  moving,  although,  it  may  be,  slowly,  and  it  is  of 
gradual  growth.  The  formation  of  thrombi  in  the  living  vessels  has 
been  carefully  studied  by  Zahn,  whose  experiments  throw  much  light 
on  the  process. 

The  mesentery  of  a  frog  is  exposed  and  subjected  to  microscopic 
examination.  A  vessel  of  some  size,  an  artery  or  vein,  is  chosen,  and 
its  wall  in  some  way  injured,  as  by  twitching  it  slightly  with  the 
forceps,  or  placing  a  small  crystal  of  common  salt  near  it.  Very  soon 
white  blood-corpuscles  begin  to  adhere  at  the  injured  part.  As  the 
blood  passes  over  it  successive  layers  of  white  corpuscles  adhere,  and  a 
growing  clump  of  them  is  formed.  Along  with  the  white  corpuscles  a 
stray  red  one  may  be  insinuated,  or  there  may  be  several  red  ones. 
The  clumj)  so  formed,  be  it  wholly  white  or  partly  mixed  with  red 
corpuscles,  may  bo  carried  off,  in  which  case  a  new  one  begins  to  form ; 
but  the  clumj)  may  remain  fixed  and  be  contiiuiously  enlarged  by  suc- 
cessive dei)ositions  of  coipuscles  from  the  circulating  blood.  In  course 
'>f  time  a  change  occurs  in  the  appearance  of  the  clump,  the  white 
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corpuscles  lose  their  individual  outline  to  a  great  extent,  and  the  clump 
gathers  itself  together  into  a  grey  graiuilar  mass  in  which  neither  bj^ 
acetic  acid  nor  by  staining  are  the  majority  of  the  white  corpuscles  to 
be  discovered.  It  has,  indeed,  very  much  the  characters  of  fibrine 
which  has  been  obtained  by  whipping  the  blood  outside  the  body.  The 
clump  of  white  corpuscles,  in  fact,  by  the  disintegration  of  the  corpuscles 
and  the  attraction  of  the  fibrinogen  from  the  blood  plasma  has  converted 
itself  into  a  fibrinous  coagulum.  All  the  white  corpuscles,  however, 
are  not  disintegrated,  some  are  still  recognizable  in  the  mass.  A  similar 
mode  of  formation  is  observed  when  a  vessel  is  injured  by  pricldng  with 
a  needle,  or  by  cutting  it.  The  jjresence  of  foreign  bodies  if  they  are 
rough  on  the  surface  produces  adhesion  of  white  corjDuscles  and  their 
conversion  into  thrombi  in  similar  fashion.  The  thrombus  formed  in 
these  various  ways  is  called  by  Zahn  the  White  thrombus. 

Eberth  and  Schimmelbuseh,  from  a  very  elaborate  series  of  observations,  have  come 
to  several  very  important  conclusions.  They  assert;  that  Zahn's  observations  are 
correct  with  the  exception  that  it  is  the  clisldets  and  not  the  leucocytes  which  go  to 
form  the  white  thrombus.  They  do  not  regard  the  process  as  one  of  coagulation, 
but  rather  of  conglutination;  that  is  to  say,  the  clumps  of  disklets  ran  together  and 
form  white  masses,  in  which  no  proper  fibrine  is  present.  When  a  foreign  body, 
such  as  a  thread,  is  introduced  into  the  circulation  then  true  fibrine  is  deposited,  but 
not  in  the  simple  white  thrombus.  Leucocytes  are  often  caught  in  the  thrombi, 
in  which  they  may  be  present  in  larger  or  smaller  numbers. 

In  actual  pathological  processes  in  the  human  subject  the  pure  white 
thrombus  is  frequently  seen,  especially  in  the  heart,  but  it  is  more 
frequently  mixed.  As  a  general  rule  the  thrombus  enlarges  by  fresh 
deposition,  and  it  not  infrequently  happens  that,  as  corpuscles  accumu- 
late, suflBcient  ferment  is  produced  as  to  allow  of  the  coagulation  of  a. 
layer  of  entire  blood.  Hence  strata  oi'  i-ed  coaguhim  may  alternate 
with  strata  of  white.  Again  the  thrombus  after  its  formation  may 
become  compacted  into  a  dense  white  structureless  layer  having  a. 
hyaline  appearance,  and  composed  of  fibrine  which  adheres  to  the  wall, 
and  is  so  united  that  its  boundary  is  indefiTiite ;  the  fibrine  is  some- 
times traversed  by  canals  (channelled  filirine).  This  condition  is  often 
seen  in  the  external  layers  of  clot  in  aneurysms.  We  may  thus  distin- 
guish four  forms  of  thrombus  according  to  structure.  (1)  The  red 
thrombus,  composed  of  the  entire  blood  ;  (2)  the  white  thrombus  ;  (3) 
the  stratified  and  mixed  thrombus  ;  and  (4)  the  hyaline  thrombus. 

The  main  cause  of  coagulation,  then,  is  the  contact  of  the  Avhitc 
corpuscles  with  dead  matter  or  altered  living  tissue.  In  the  living  body 
a.nything  which  iiiterferes  with  the  integrity  of  the  vessel-wall  or  the 
endocardium  is  likely  to  predispose  to  coagulation.  Stagnation  of  the 
blood  is  often  set  down  as  a  cause  of  coagulation,  but  this  will  art 
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chiefly  by  altering  the  vessel-wall,  and  by  keeping  the  white  corpuscles 
removed  from  contact  with  the  living  tissue.  As  it  is  the  endothelium 
of  the  vessels  and  endocardium  which  is  in  most  immediate  contact 
with  the  blood,  it  will  be  interferences  with  it  that  will  conduce  to 
coagulation. 

Causation. — In  most  cases  of  thrombosis  there  is  either  a  stagnation 
of  the  blood  or  else  some  palpable  injury  to  the  vessel  compromising 
its  endothelium,  and  the  various  thrombi  may  be  studied  according  as 
they  are  formed  in  one  of  these  ways  or  the  other,  while  in  some  cases 
the  action  of  both  may  be  traced.  As  we  have  already  seen,  the  stagna- 
tion is  rarely  complete,  and  accordingly  the  thrombi  are  mostly  white 
or  mixed,  being  formed  in  the  way  just  described. 

(a)  Thrombosis  from  stagnation  of  blood. — It  will  be  found  that 
wherever  the  circulation  is  so  altered  as  that,  while  the  blood  moves 
more  or  less  freely  in  the  general  current,  there  are  subsidiary  currents 
or  eddies,  thrombosis  is  liable  to  begin  in  the  situation  of  the  latter. 
Local  dilatations  produce  this  A'^ery  directly.    In  cases  of  aneurysm  oi' 
varix  there  is  a  pouch  containing  blood  which  is  out  of  the  regular 
current  and  thrombosis  is  liable  to  occur,  although  in  the  case  of 
aneurysm  there  is  the  additional  fact  that  the  wall  is  considerably 
altered.     Weakness  of  the  heart,  especially  when  associated  with 
dilatation  of  its  cavities,  leads  to  imjjerfect  emptying  of  its  cavities,  and 
the  blood  forms  eddies  in  the  parts  most  removed  from  the  general 
current.    White  thrombi  often  form  in  this  way  behind  the  column* 
carneiB,  in  the  airricular  appendages,  and,  if  there  is  much  dilatation, 
near  the  apices  of  the  ventricles.  These  thrombi  often  assume  a  globular 
shape  (Globular  vegetations  of  Lsennec),  and  may  grow  to  a  large  size. 
General  weakness  or  marasmus,  occurring  in  consequence  of  debilitat- 
ing diseases,  such  as  typhoid  fever,  phthisis,  etc.,  renders  the  current  in 
the  veins  slugglish.    There  is  under  these  circumstances  not  only  weak- 
ness of  the  heart,  but  the  muscles  being  weak  do  not  assist  in  emptying 
the  veins,  and  respiration  also  fails  to  give  due  assistance.    AVhile  thei'e 
is  a  general  sluggishness,  the  localities  in  which  the  thrombosis  begins 
usually  correspond  with  bye  currents  in  the  circixlation.     The  blood  in 
the  veins  moving  slowly  and  at  a  low  pressure  does  not  press  back  the 
valves  against  the  walls  of  the  veins.    Hence  as  the  valves'  arc  half 
open,  the  blood  will  stagnate  in  the  sinuses  of  the  valves,  and  throm- 
bosis is  liable  to  occur  there.     Coagula  so  formed  gi'ow  up  the  veins, 
l>ut  even  when  they  are  continuous  they  usually  present  a  Icnotted 
character  from  the  parts  corres{)onding  with  the  valves  being  bulkier. 
This  knotted  condition  is  sometimes   detectable  through  the  skin. 
Again  marasmic  thrombi  often  begin  in  the  longitudinal  sinus  of  the 
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dura  mater.  This  vessel  has  somewhat  rigid  walls,  and  the  tributary 
veins  from  the  pia  mater  are  small.  If  the  current  in  the  latter  he  slow- 
then  there  will  be  eddies  in  the  sinus,  especially  at  the  parts  lying 
highest.  The  most  common  starting  jioint  is  indeed  the  highest  part  of 
the  sinus  (Recklinghausen).  Thrombosis  in  the  uterine  veins  after 
delivery  is  partly  due  to  stagnation  of  blood  in  cases  where  the  uterus 
contracts  imperfectly,  but  the  injury  to  the  veins  in  the  removal  of  the 
placenta  contributes. 

(b)  Thrombosis  from  alteration  of  the  wall. — Wounds  of  vessels 
induce  thrombosis,  and  this  process  bears  an  imi^ortant  j^art  in  stilling 
haemorrhage.  If  the  blood  is  stagnating  in  the  veins,  as  is  the  case  in 
passive  hyperaemia  from  heart  disease,  a  trivial  wound  may  start  a 
thrombosis.  In  cases  of  valvular  disease  the  legs  are  not  infrequently 
punctured  to  relieve  the  oedema  which  is  so  common  in  such  cases, 
and  the  punctures  may  be  the  starting  points  of  thrombosis.  Liga- 
ture of  vessels  causes  thrombosis  as  there  is  nipture  of  the  internal 
and  middle  coats.  Acute  inilammation  of  the  walls  induces  coagulation, 
as  one  sees  so  frequently  in  acute  endocarditis.  Chronic  endocarditis 
and  atheroma,  by  producing  jDalpable  alterations  in  the  endocardium 
or  internal  coat  of  arteries,  are  frequent  causes  of  thrombosis,  more 
particularly  when  calcareous  matter  is  deposited  and  becomes  exposed 
to  the  blood.  An  occasional  cause  is  the  protrusion  of  tvunours  through 
the  walls  of  vessels,  but  this  scarcely  ever  occiu's  in  arteries  and  is  rare 
in  veins. 

(c)  There  are  cases  in  which  coagulation  occurs  api^arentl}-  in  conse- 
quence of  the  sudden  setting  free  of  the  ferment  and  fibrino-jilastic  sub- 
stance in  the  general  circulation.  This  has  been  mostlj^  in  cases  of 
transfusion,  where  blood  from  one  of  the  lower  animals  has  been  used. 
(See  case  by  Recklinghausen). 

It  is  important  to  distinguish  Thrombi  which  have  formed  dm-ing  hfe  from  mere  Post- 
mortem Coagula.  It  will  be  clear  from  what  has  gone  before  that  the  thrombi 
are  mostly  either  white  or  grey,  but  being  formed  largely  of  white  coi-puscles  they 
are  of  a  dead  or  opaque  white  or  grey  api^earance.  Post-mortem  clots  are  sometimes 
pale  from  the  sinking  of  the  red  corpuscles  or  otherwise,  but  they  are  gelatinous  and 
smooth  on  the  surface  and  mostly  transi^areut,  whereas  the  thrombi  are  firmer, 
drier,  more  opaque  and  granular  on  the  surface.  The  thrombi  also  adhere  to  the 
wall  to  some  extent,  whereas  the  clots  do  not,  although  in  the  heart,  from  getting 
entangled  among  the  columniE  carneas,  they  may  have  an  appearance  of  adhesion. 
Lastly,  the  thrombi  are  often  stratified,  indicating  their  deposition  in  successive 
layers. 

Growth  of  Thrombi. — Thrombi  begin  as  local  depositions  on  the 
internal  surface,  but  they  are  liable  to  groAV  till  they  may  fill  the  vessel, 
obstructing  it  and  extending  to  further  portions  of  the  vessel.  The 
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thrombus  is  composed  of  dead  matter,  and  its  surface  is  rough,  so  that 
the  conditions  are  given  for  further  deposition,  unless  the  current  is 
very  rapid.  In  the  case  of  the  veins  the  blood  Avill  be  for  the  most  part 
stagnant  above  and  very  often  below  the  thrombus,  and  it  is  in  these 
vessels  particularly  that  they  are  apt  to  grow  very  extensively.  Thus 
a  coagulation  starting  in  the  uterus  may  travel  along  to  the  internal 
iiiid  common  iliac  veins,  and  thence  pass  into  the  veins  of  the  legs.  In 
a  case  observed  by  the  author,  coagulation  had  its  origin  in  a  cancer  of 
the  kidney  which  involved  the  wall  of  the  renal  vein;  it  extended 
thence  to  the  inferior  vena  cava,  and  to  the  veins  of  both  'legs  which 
were  distended  with  old  thrombi.  Thrombi  in  the  veins  will  often  be 
found  growing  on  till  they  reach  a  vessel  where  the  circulation  is  very 
free,  and  the  globular  thrombi  in  the  heart  often  grow  so"  as  to  project 
into  the  cavity.  Growing  thrombi  will  be  mostly  white  or  mixed,  but 
us  the  blood  above  and  beneath  an  obstructing  thrombus  is  iisually  at  a 
stand-still  or  nearly  so,  they  may  be  almost  purely  red  in  parts. 

Before  leaving  this  subject,  it  may  be  well  to  consider  Whether 
coagulation  occurs  in  the  living  capillaries.  '  It  is  to  be  remembered 
that,  so  lont;  as  the  living  endothelium  exercises  its  due  influence  on  the 
Ijlood,  coagulation  will  not  occur.  As  the  capillary  wall  is  entirely 
composed  of  fiat  cells,  it  is  only  when  necrosis  takes  place  that  the 
conditions  requisite  for  coagulation  will  be  fulfilled.  Moreover,  as  the 
tissues  depend  on  the  capillaries  for  their  nutrition,  obstruction  by 
thrombosis  will  involve  the  death  of  the  tissues  themselves.  Hence 
thrombosis  of  the  capillaries,  or  even  complete  stagnation  in  them,  may 
be  put  out  of  the  question  except  in  connection  with  necrosis.  If  this 
were  not  so,  the  thrombi  in  veins  would  grow  into  the  capillaries,  and, 
through  them,  into  the  arteries.  The  capillaries,  not  admitting  of  this, 
form  a  barrier  to  the  extension  of  the  coagulation.  It  thus  haiopens 
that,  after  extensive  coagulation  in  the  veins,  the  circulation  is  largely 
maintained  by  arteries,  capillaries,  and  lymphatics,  and  necrosis  rarelj'^ 
occurs.  It  is  worthy  of  note  in  connection  with  this  matter  that  the 
blood  found  in  the  capillaries  after  death  is  nearly  always  fluid. 

■  Changes  in  thrombi. — If  a  thrombus  contains  red  corpuscles,  then 
their  colouring  matter  is  soon  dissolved  out  and  stains  the  coagulum, 
giving  it  frequently  a  deep  l)rown  tint.  The  pigment  sometimes  de- 
posits crystals  of  hgematoidin,  which  may  remain  long  unaltered.  (See 

Fig.  .3.)    In  course  of  time  further  changes  occur,  of  which  the  more 

im[)f)rtant  ai'c  softening  and  organization. 

Softening  h  a  frequent  residt,  esjjecially  in  the  coagula  in  the  heail 

iuul  veins.    The  globular  thrombi  in  the  heart  frequently  cxhi))it  this 

process.    It  begins  in  the  central  parts  of  the  thrombus,  and  the 


r 


70 


AFFECTIONS  OF  THK  t'IKOULATION. 


coagnhim  breaks  down  into 


turbid  browiish 


the  softenint 


13' 


Pig.  'A. — Crystals  of  haimatoidin 
found  closely  aggregated  in  the  midst 
of  an  old  thrombus  in  a  vein.  The 
crystals  have  a  deep  red  colour,  x  350. 


juice,  —    ^ 

extending  gradually  outwards.  The  juice 
is  often  like  a  mixture  of  jms  and  blood, 
or  in  very  white  thrombi  it  may  be  like 
pure  pus.  It  consists  of  the  debris  of  the 
throml)us,  and  no  well  preserved  corpuscles 
are  to  be  found  in  it.  The  softening  may 
extend  outwards  till  a  mere  rind  is  left, 
and  this  may  give  way  and  cause  the  juice 
to  lie  launched  into  the  circulation. 

Thrombi,  instead  of  softening,  may  dry 
in  and  shrivel.   In  such  case  Ave  may  have 
lime  salts  deposited,  and  even  through 
time  the  formation  of  little  stony  masses 
—Vein-stones  or  Phleboliths. 
The  Organization  and  Absorption  of  a  thrombus  is  a  process  of  some 
interest.    As  the  coagulum  is  dead,  it  is  clear  that  it  cannot  take  part 
in  the  process  of  organization.    In  studying  inflammation  this  subject 
will  come  up  for  fuller  discussion,  but  it  may  here  be  stated  that  when 

a:  piece  of  dead  animal  sub- 
stance is  present  among  the 
living  tissues,  the  first  step 
towards  its  absorption  is 
usually  its  replacement  by 
an  elementary  tissue,  the 
dead  structure  fomiing,  as 
it  were,  a  mould  on  Avhich 
the  new  tissue  forms  itself. 
The  constituents  of  the 
thrombus  are,  therefore, 
pushed  aside  or  disinte- 
grated by  masses  of  round 
cells  (as  shomi  in  Fig.  4  h) ; 
and  at  the  same  time  blood- 
vessels springing  from  the 
vasa  A-asorum  extend  into 

.    .     , , ,   ,  ,  ^  .       ,    the  substance  of  the  new- 

Fig.  4. — Organization  of  blood-clot,  a  represents  the  clot 
little  altered  ;  red  corpuscles  are  chiefly  seen,  with  a  few  formed  tisSUO.    The  tlirom- 
solid  round  cells,  which  are  like  white  corpuscles,  but  more 

numerous  than  in  normal  blood.  In  b  the  red  corpuscles  buS  is  thuS  COllVertcd  into, 
are  entirely  replaced  by  round  cells.    In  <r  the  round  cells 

have  yiven  place  to  large  spindles,    x  S.OO.  Or  replaced  by,  a  VaSCUlar 

tissue  which  subsequently  develops  into  connective  tissue.  Like 
other  new-formed  connective  tissue  of  this  kind,  this  tissue  tends 
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contract.     The   usual  result  is  that  the  vessel  is  permanently 
obliterated  and  replaced  by  a  solid  cord  of  connective  tissue. 

There  are  some  cases  in  which  the  process  is  somewhat  modified.  The  contract- 
ing connective  tissue  acts  on  the  new-formed  vessels  of  the  tissue  which  has  replaced 
the  thrombus  rather  than  on  the  walls  of  the  original  vessel,  and  it  has  the  effect  of 
mdening  these  thin-walled  vessels.  In  this  way  a  sponge-like  or  cavernous  tissue 
may  form,  and  the  result  may  be  the  re-establishment  of  the  circulation,  the  wide 
spaces  of  the  sponge-like  tissue  coming  to  communicate  with  the  regular  calibre  of 
the  vessel.  A  favourite  place  for  the  formation  of  this  cavernous  tissue  is  the  place 
of  union  of  the  iUac  veins  to  form  the  vena  cava.  Here  the  vessels  are  sometimes 
found  filled  with  a  spongy  tissue  through  which  the  circulation  is  carried  on.  By  a 
still  further  contraction  of  the  new-formed  tissue,  the  caUbre  of  the  vessel  may  be 
completely  re-established,  the  sinus-like  blood-channels  expanding  into  the  calibre 
of  the  vessel. 

In  studying  thrombosis,  we  have  left  out  of  account  all  cases  of  what 
is  called  septic  thrombosis,  where  the  coagulation  arises  in  connection 
^vith  the  introduction  of  decomposing  material  into  the  veins.  Such 
processes  will  receive  consideration  in  another  part. 

Results  of  thrombosis.— Embolism  is  a  frequent  consequence  of 
thrombosis  in  any  situation.    (See  under  Embolism). 

Thrombosis  in  veins  leads  most  directly  to  passive  hypersemia  with 
its  consequent  oedema  and  dropsy.  The  occurrence  of  serious  redema 
depends  largely  on  the  extent  of  the  anastomosis  of  the  obstructed  vems, 
and  also  somewhat  on  the  rapidity  with  which  the  thrombosis  has 
occurred.  If  the  thrombus  forms  slowly  the  functions  of  the  plugged 
veins  may  be  largely  taken  up  by  the  lymphatics  and  by  other  veins 
which  remain  unaffected.  In  the  case  already  referred  to,  where  a 
cancerous  tumour  in  the  kidney  had  burst  into  the  renal  vein,  and 
thrombosis  had  extended  to  the  vena  cava  and  down  the  veins  of  both 
legs,  there  was  comparatively  little  oidema  at  any  time,  although  all  the 
main  venous  trunks  of  both  legs  were  plugged.  The  fact  that  the 
thrombosis  does  not  extend  into  the  capillaries  allows  the  circulation 
to  be  carried  on  by  arteries,  capillaries,  and  lymphatics. 

At  the  seat  of  thrombosis  there  is  usually  an  inflammation,  which 
may  be  of  considerable  intensity,  and  is  sometimes  accompanied  by 
considerable  pain.  Even  when  the  thrombus  does  not  include  specially 
irritating  material,  there  is  inflammation  of  the  wall,  leading,  especially 
in  the  case  of  veins,  to  adhesion  to  pa,rts  around  with  induration  {Pen- 
lihlebitis).  A  periphlebitis,  accompanied  by  considerable  oedema  and  by 
severe  pain,  occurs  in  Phlegmasia  alba  dolens. 

It  is  im])ortant  to  know  that  these  secondary  effects  of  thrombosis, 
and  especially  oedema,  will  not  usually  show  themselves  for  some  time 
after  the  onset  of  the  process.    A  coagulation  beginning  in  a  vein  will 
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take  some  time  before  it  completely  obstructs  it,  and  even  when  it  has 
done  so,  it  may  be  necessary  for  it  to  grow  into  other  veins  before  any 
pronounced  oedema  will  develop.  Hence  it  is  that  a  thrombosis  may 
lead  to  embolism  by  detachment  of  portions  of  the  thrombi  before  it  has 
manifested  its  presence  by  hyperaemia  and  oedema. 

Thrombosis  in  veins  seldom  leads  to  Gangrene,  and  in  the  few  cases 
in  which  gangrene  actually  occurs  some  additional  interference  with  the 
circulation  will  usually  be  discoverable.  Weakening  of  the  heart,  in 
conjunction  with  thrombosis,  may  cause  it,  and  so  may  disease  of  the 
arteries  diminishing  the  force  of  the  blood. 

Thrombosis  in  arteries,  occurring,  as  it  does,  chiefly  along  mth 
atheroma,  may  have  as  its  result,  ischjemia  and  its  consequences.  (See 
above.) 

Literature.— Buchanan,  Proceedings  of  Phil.  Soc.  of  Glasg.,  1845;  Schmidt, 
various  papers  and  Die  Lehre  v.  d.  f ermentativen  Gerinnungserscheinungen,  1876 ; 
Eauschenbach,  Protoplasma  und  Blutplasma,  1882;  Foa  and  Pellacani,  Arch, 
ital.  de  Biologie,  iv. ;  Hayem,  Arch,  de  physiol.,  1878,  1879 ;  Bizzozeeo,  Virchow's 
Archiv,  vol.  xc,  1882 ;  Lowit,  Arch.  f.  exper.  Path.,  vol.  xxiv.,  1887 ;  Eberth  und 
Schimmelbttsch,  various  papers  in  Virchow's  Archiv,  vols,  ci.,  ciii.,  cv.,cyiii. ;  Z.\hn, 
Virchow's  Archiv,  vol.  Ixii. ;  Viechow,  Ges.  Abhandlungen,  1856,  and  Handbuch  der 
spec.  Path.  u.  Therap.  vol.  i. ;  Baiimg.a.rten,  Die  Organization  des  Thrombus  1877; 
Eecklinghausen,  Handbuch,  p.  133. 

II.— EMBOLISM. 

Causation.— Any  solid  material  in  the  circulating  blood  may  ob- 
struct a  blood-vessel  which  it  finds  too  small  to  give  it  passage.  It  may 
be  a  foreign  body,  such  as  a  parasitic  animal  or  vegetable,  or  a  piece  of  a 
tumour  or  a  piece  of  cretaceous  matter  broken  off  from  a  degenerated 
valve  or  vessel.  But  the  most  frequent  soiu-ce  of  embolism  is  a  pre- 
existing thrombus.  Thrombi  most  readily  become  detached  from  the 
heart  or  veins,  and  in  either  case  the  thrombus  is  most  dangerous  when 
it  has  grown  into  the  current  so  as  to  be  exposed  to  the  force  of  the 
blood.  In  a  vein  a  thrombus  which  completely  obstructs  the  vessel 
will  not  be  readily  carried  away.  The  actual  displacement  of  the 
thrombus  will  often  take  place  in  consequence  of  some  compression  or 
movement  of  the  body  affecting  the  part  where  it  is  seated.  This  is 
sometimes  seen  in  the  case  of  thrombosis  in  the  uterine  veins  Avhere 
the  first  considerable  movement  after  delivery  may  displace  the 
thrombus  and  lead  to  embolism  of  the  lunas 

The  embolus,  whatever  its  source,  will  obstruct,  for  the  most  part,  an 
artery  or  capillary.  The  only  practical  exception  to  this  is  the  case  of 
the  portal  vein,  Avhich  in  its  ramifications  in  the  liver  has  the  distribu- 
tion of  an  artery.    The  possibility  of  a  proper  venous  embolism  has 
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been  asserted.  Foreign  bodies,  especially  if  heavy,  may  fall  backwards 
ill  the  venous  system,  but  this  is  not  an  occurrence  of  any  practical 
moment,  if,  indeed,  it  actually  occurs  in  human  pathology  (Eeckling- 
hausen).  A  thrombus  or  other  loose  solid  body  in  the  circulating 
blood  will  usually  in  its  course  be  caught  at  a  place  where  an  artery  is 
dividing;  it  often  rides  on  the  bifurcation.  It  sometimes  becomep 
broken  against  the  projecting  bifurcation,  and  its  fragments  may  be 
dispersed  to  the  smaller  branches,  producing  numerous  embolisms  in 
them.  The  embolus,  acting  as  a  foreign  body,  will  usually  induce 
thrombosis  on  its  surfiice,  so  that  it  may  get  covered  in  by  an 
encapsuling  thrombus.  As  the  embolus  may  be  derived  from  a 
thrombus,  and  may  induce  thrombosis  afterwards,  it  may  be  difficult  to 
distinguish  the  one  process  from  the  other. 

The  Diagnosis  of  embolism  from  thrombosis  rests  on  a  survey  of  the 
existing  conditions.  In  veins  and  in  the  heart  any  existing  coagulum 
must  be  a  thrombus,  as  embolism  does  not  occur  in  them.  In  arteries 
we  may  have  either,  but  the  situation  and  circumstances  will  often 
guide  us.  Thrombosis  in  arteries  almost  necessarily  implies  disease  of 
their  walls,  and  the  thrombus  is  iirmly  adherent.  The  embolus,  on  the 
other  hand,  will  often  be  found  riding  over  a  bifurcation  and  non- 
adherent, or  there  may  be  part  adherent  (the  enca,psuling  thrombus) 
and  part  non-adherent.  Assistance  may  often  be  obtained  by  finding  a 
source  of  embolism,  such  as  thrombosis,  elsewhere.  Again,  there  are 
some  arteries  much  more  prone  to  embolism  than  others.  In  the 
arteries  of  the  lungs,  intestines,  kidneys,  and  spleen,  thrombi  are  com- 
paratively rare,  but  in  those  of  the  brain,  in  the  coronary  arteries  of  the 
heart,  and  in  those  of  the  extremities  both  thrombosis  and  embolism 
are  common  (Cohnheim). 

Phenomena  of  embolism. — These  phenomena  vary  greatly  in 
ilitterent  cases,  the  variations  depending  chiefly  on  the  circumstances  of 
the  vessels  in  regard  to  anastomosing  communications.  In  this  respect 
we  have  all  degrees  of  difference. 

If  the  anastomosis  be  very  free  then  embolism  will  at  once  cause 
increa.se  of  pressure  on  the  proximal  side  of  the  plug,  and  this  increase 
of  pressure  may  be  sufficient  to  restore  the  circulation  by  means  of  the 
anastomosing  connections.  At  the  seat  of  the  obstruction  thrombosis 
will  occur  on  each  side,  and  by  the  organization  of  the  thrombus  the 
■artery  will  be  permanently  converted  into  a  solid  cord  from  the  nearest 
proximal  to  the  nearest  distal  branch,  the  circulation  being  completely 
carried  on  by  the  anastomosing  branches.  The  arteries  with  freest 
anastomoses  are,  in  general,  those  whose  branches  are  most  liable  from 
their  situations  to  temporary  ol)structions  from  external  pressure  or 
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Otherwise.  Hence  in  the  arteries  of  muscle,  of  the  skin,  of  the  intestine, 
of  the  circle  of  Willis  in  the  brain  (the  common  carotids  are  liable  to 
pressure),  and  of  acinous  glands,  embolism  is  usually  of  trivial  conse- 
quence. A  similar  result  will  follow  capillary  embolism.  As  the 
cajnllaries  are  in  the  freest  possible  inter-communication,  embolism 
produces  little  disturbance  of  the  circulation,  luiless,  as  sometimes 
happens,  there  be  many  obstructed  simultaneously. 

The  opposite  extreme  is  where  the  anastomosis  is  very  imperfect. 
Cohnheim  has  endeavoured  to  distinguish  certain  arteries  of  the  body 
as  being  entirely  devoid  of  anastomosing  connections — they  are  like  the 
branches  of  a  tree,  each  division  having  no  distal  communications  vnih 
its  fellows.  Such  arteries  he  calls  End  arteries.  It  is  impossible  to 
carry  out  this  distinction  absolutely,  inasmuch  as  nearly  all  arteries 
at  least  fine  communications,  and  all  communicate  by  their  capillaries. 
It  may  be  said,  however,  that  the  following  arteries  have  at  least  ex- 
ceedingly imperfect  anastomoses,  and  are  practically  end  arteries,  namely, 
the  pulmonary,  renal,  and  splenic  arteries,  the  coronary  artery  of  the 
heart,  the  central  artery  of  the  retina,  and  the  nutrient  arteries  of  the 
brain,  to  which  may  be  added  the  portal  vein.  In  addition,  the 
superior  mesenteric  artery  and  the  external  iliac  ni-teries  have  anasto- 
mosing communications,  which,  in  relation  to  the  size  of  these  arteries, 
are  small.  In  such  arteries  as  those  mentioned  the  results  of  embolism 
are  not  strictly  uniform,  but  are  nearly  always  serious.  The  typical 
result  is  the  formation  of  the  hasmorrhagic  infarction,  which  Avill  be 
first  considered. 

The  Hsemorrhagic  infarction  is  seen  most  characteristically  in  the 
lung  as  a  result  of  plugging  of  the  pulmonaiy  artery.  A  piece  of  lung- 
tissue,  generally  in  the  form  of  a  wedge  with  its  base  at  the  surface,  is 
solidified  and  presents  a  deep  red  colour,  as  if  a  solid  blood  clot  had 
replaced  the  lung  tissue.  The  entire  vessels  in  the  affected  area  ai'e 
distended  with  blood,  and  blood  has  escaped  from  the  vessels  so  as  to 
fill  up  the  lung  alveoli,  which  are  entirely  destitute  of  air. 

The  mode  of  formation  of  the  ha3morrhagic  infarction  has  been  care- 
fully observed  by  Cohnheim,  using  the  tongue  of  the  frog  as  a  subject 
of  observation.  The  two  main  lateral  arteries  of  the  tongue  are  not  end 
arteries,  but  their  lateral  branches  are.  Cohnheim  introduced  little 
blackened  pellets  of  wax  into  the  division  of  the  aorta  which  com- 
municates with  the  arteries  of  the  tongue,  and  these  were  sometimes 
carried  to  the  tongue,  obstructing  the  artei'ies  there.  Sometimes  one 
pellet  obstructed  the  anastomosing  branch  between  the  main  arteries 
while  another  stuck  in  one  of  the  main  arteries,  so  that  the  latter  was. 
converted  into  an  end  artery.    Whether  a  main  artery  thus  conditioned 
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or  a  plugged  lateral  branch  was  observed,  the  process  was  virtually  the 
<ame.  The  blood  was,  immediately  after  the  plugging,  at  a  standstill, 
i„  artery,  vein,  and  capillaries.  These  vessels  might  be  moderately 
full  of  blood  or  might  contain  only  blood  plasma.  Soon,  however,  a, 
backward  flow  of  the  blood  from  the  veins  was  observed  (diagram- 
niatically  shown  in  Fig.  5),  and  by  and  by  this  produced  an  engorge- 
ment of  the  entire  vessels,  veins,  capillaries,  and  arteries.  After  a  tmie 
a  remarkable  diapedesis  began  to  manifest  itself  through  the  capillaries 
into  the  surrounding  tissue,  which  became  engorged  with  blood.  The 
portion  of  tissue  concerned  would,  in  accordance  with  the  area  of  dis- 
tribution of  the  artery,  be  wedge-shaped,  and  the  result  was  a  wedge- 


Fig.  5.— Diagram  of  conditions  following  embolism  of  an  end  artery. 
In  the  figure  to  the  left  the  state  of  anaemia  immediately  after  the  em- 
boUsm  is  shown.  In  the  other  figure  the  regurgitant  current  from  the 
vein  is  indicated.    (After  Cohnheim.) 

shaped  red  pulpy  piece  of  tissue,  not  unlike  a  blood  clot— the 
hsemorrhagic  infarction.  If  the  frog  survived,  the  piece  of  tissue  by 
and  by  sloughed  off. 

The  explanation  of  these  phenomena  is  not  very  difficult.  The 
obstruction  of  the  artery  reduces  the  pressure  in  the  vessels  supplied  by 
it  to  nothing.    The  veins  are  still  in  open  communication  with  the 
veins  of  the  part,  in  which,  although  the  lilood-pressure  is  low,  it  is 
still  something.    Accordingly,  the  backward  flow  occurs  from  the  veins 
to  the  capillaries,  and  so  to  the  obstructed  artery.    Thus  the  engorge- 
ment  of  the  vessels  is  not  difficult  to  explain.    The  diapedesis  is  to  be 
referred  to  the  fact  that  the  capillaries,  being  deprived  of  T)lood,  have 
the  integrity  of  their  walls  impaired.    We  have  already  seen  tha,t  passive 
hypersemia  produces  diapedesis,  owing  to  interference  with  the  capillary 
wall.    Much  more  serious  is  the  nutritive  deterioration  in  this  case,  and 
so  the  diapedesis  is  very  great,  leading  to  a  marked  infilti'ation  of  blood 
into  the  tissues  around.    The  deprivation  of  fresh  blood  causes  death 
of  the  tissue,  which  here,  as  it  is  an  external  part,  sloughs. 
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It  Will  be  seen  thiit  in  this  occurrence  three  processes  are  involved, 
namely,  engorgement  of  the  vessels  or  hyperEemia,  hemorrhage,  an(i 
necrosis.  These  results  are  by  no  means  uniform,  and  in  their  aijplica- 
tion  to  human  pathology  they  require  further  elucidation. 

Engorgement  of  the  vessels  is  ascribed  by  Cohnheim  to  the  re- 
gurgitant current  from  the  veins,  but  farther  observation  has  shown 
that  when  an  artery  is  obstructed  blood  flows  into  the  capillaries  fi-oni 
all^  surrounding  communications,  from  arteries  and  capillaries  as  well  as 
veins,  and  the  engorgement  may  be  due  to  the  flow  from  these  as  much 
as  from  the  veins.    Moreover,  the  current  from  the  communicating 
arteries  and  capillaries  may  be  sufficiently  strong  to  carry  on  the 
circulation  and  prevent  any  considerable  engorgement  or  diapedcsis. 
This  is  frequently  the  case  in  the  lungs,  where  the  ha^morrhagic  infarc- 
tion often  fails  to  develop  after  embolism.    The  circulation  in  the  lungs 
IS  somewhat  special.    The  capillaries  are  wide  and  very  abundant,  and 
the  bronchial  artery  not  only  supplies  nutrient  branches  to  the  'lung 
tissue  but  forms  anastomosing  communications  with  the  pulmonary 
artery.    In  consequence  there  may  be  none  of  the  phenomena  of  the 
hsemorrhagic  infarction,  and  even  if  the  engorgement  and  hajmorrhage 
occur,  it  may  stop  short  of  an  actual  necrosis  of  the  tissue. 

On  the  other  hand,  it  is  common  in  some  situations  to  have  Necrosis 
with  very  little  engorgement  or  none  at  all.  In  order  to  engorgement 
the  vessels  must  remain  alive,  othermse  the  blood  mil  coagulate  and 
obstruct  any  backward  current.    But  necrosis  may  occur  before  time 

has  been  given  for  engorgement, 
or   the   engorgement   may  he 
limited  to  the  peripheral  parts. 
In  the  spleen  and  kidneys  this 
is  frequently  the   case.  The 
tissue,  especially  if  the  artery 
be  of  large  size,  dies  without 
any  considerable  engorgement, 
and  in  these  organs  the  dead 
tissue  undergoes  a  peculiar  pro- 
cess of  coagulation  (see  Coagula- 
tion Necrosis),  the  result  being 
the  formation  of  a  dense  pale 
M'edge,   the  white  infarction, 
kidney,  siiowiiig  (See  Fig.  6.)    In  the  spleen  and 

..,ffno^,.H     (After  1  .  -I  ,  „  ,  . 

kidney  we  have  all  gradations 
l)etween   the    white    and  the 
bemorrhagic  infarctions,  and  a.  white  infarction  is  often  surrounded  by 


Fig.  «.— White  infarutiou  <   

the  wedge-shiiped  piece  of  ti.ssiie  iiffected. 
Rayeb.) 
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a  red  zone  in  which  htemorrhage  has  occurred.     In  the  brain  and 
retina,  necrosis  occurs  in  the  form  not  of  coagulation  but  of  soften- 
ing, and  there  is  usually  little  ha?morrhage,  hence  a,  white  softening. 
The  superior  mesenteric  artery,  although  it  has  many  anastomosing 
i  branches,  is  so  large  in  comparison  with  these  vessels  that  its  obstruc- 
tion may  lead  to  engorgement  and  necrosis  in  the  portion  of  intestine 
to  M^hich  it  is  distributed.    The  infarction  is  not  co-extensive  with  the 
distribution  of  the  artery,  the  peripheral  parts  of  the  district  being 
sufficiently  supjjlied  to  escape.    Just  as  in  the  case  of  the  lung  the  plug 
is  usually  some  distance  to  the  proximal  side  of  the  apex  of  the  infarc- 
tion, and  the  wedge  is  appreciably  smaller  than  the  area  of  distribution 
of  the  artery. 

The  portal  vein  is  in  its  distribution  an  end  artery,  but  infarction  does  not  occur 
as  a  result  of  plugging.    The  explanation  is  that,  not  only  is  the  liver  suiDpUed  by 

;  the  hepatic  artery  in  addition  to  the  portal  vein,  but  the  blood  of  the  former,  after 

I  passing  through  its  own  proper  capillaries  in  the  walls  of  the  vessels  and  con- 
nective tissue  of  the  liver,  is  carried  into  the  inter-lobular  veins  \yhich  are  the 

.terminals  of  the  portal  vein.    Obstruction  of  the  latter  will  not  therefore  stop 

ithe  circulation. 

It  will  be  obvious  that  arteries  possessing-  free  anastomoses  may  be 
I  reduced  to  the  condition  of  end-arteries  if  their  anastomoses  are  no 
longer  available.  If,  as  sometimes  happens,  an  embolus  passing  to  the 
leg  breaks  up,  say,  by  being  propelled  against  a  bifurcation,  and  is 
scattered  to  a  number  of  stems  simultaneously,  then  the  circulation  will 
be  re-established  very  slowly  or  not  at  all,  and  necrosis  is  liable  to 
occur,  especially  if  the  circulation  is  already  feeble.  Thus,  we  may 
have  gangrene  of  the  toes  occurring  in  this  way.  It  is  to  be  added  that 
in  old  people  obstruction  of  a  number  of  arteries  sometimes  occurs  from 
thrombosis  as  a  result  of  atheroma,  and  this  may  likewise  lead  to 
necrosis. 

Disposal  of  the  infarction.— We  have  seen  that  the  infarction  whether 
haemorrhagic  or  not,  generally  implies  necrosis  of  the  piece  of  tissue 
linvolved.  This  is  not  always  the  case  in  the  lung,  however.  The 
■engorgement  and  hajmorrhage  imply  a  certain  delay  in  the  occurrence 
'Of  necrosis,  and  in  the  case  of  the  lungs  the  bronchial  artery  may 
isufiiciently  nourish  the  tissue  as  to  prevent  actual  necrosis,  and  even  to 
I  allow  of  ultimate  restoration  by  absorption  or  discliarge  of  the  blood 
■  exuded.  In  some  cases,  however,  necrosis  does  occur,  so  that,  if  the 
-patient  survive,  symptoms  like  those  of  phthisis  develop,  and  lung 
'tissue  has  been  known  to  be  spit  iip.  As  the  ncci-osed  lung  tissue  is 
'disposed  of  a  cicatrix  will  take  its  place. 

The  solid  infarctions  in  the  spleen  and  kidneys,  whether  red  or 
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white,  are  treated  like  dead  animal  matter  in  any  protected  situation 
among  the  living  tissues.  They  are  gradually  absorbed  (see  Fig. 
7)  and  their  place  is  taken  by  cicatrices,  in  the  midst  of  which,  even 
at  a  late  date,  little  pieces  of  cheesy-looking  material  may  be  seen.  In 
the  case  of  red  infarctions,  the  blood-jiigment  is  first  dissolved  out 
of  the  corpuscles,  and  then  partly  absorbed  and  partly  deposited  in  the 
form  of  solid  granules,  the  result  being  that  the  infarction  becomes 
pale. 

The  softened  brain  tissue  is  also  absorbed,  and  a  cicatrix  or  a  cyst 
takes  its  place.  So  is  it  with  the  retina,  the  piece  of  tissue  is  lost  and 
absorbed.     In  the  case  of  the  superior  mesenteric  artery,  the  slough  of 


Fig.  7.— Infai  ctiou  of  kiduey  uudei  goiug  absorption.  The  infarctiou  is  wliite  and 
depressed  below  the  level  while  the  tissue  is  puckered  around  it.    (After  Raver.) 


the  bowel  and  haemorrhage  lead  on  mostly  to  a  fatal  result,  but  cases  do 
occur  in  which,  after  the  separation  of  a  slough,  an  ulcer  is  left  which 
may  ultimately  cicatrize. 

Special  forms  of  embolism.— (1)  Malignant  tumours  not  infrequently 
extend  into  the  blood  and  form  secondary  tumours  by  embolism.  (Sec 
Metastasis  of  Tumours.) 

{2)  Fat-embolism.— Oil  or  fluid  fat  not  infrequently  gets' into  the 
blood,  and  it  may  obstruct  especially  the  capillaries,  forming  capillary 
embolism.  This  occurs  mostly  in  consequence  of  fracture  of  bones,  but 
also  in  consetjuerico  of  injuries  to  the  subcutaneous  adipose  tissue,  as 
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in  operations,  or  to  the  liver  when  it  contains  fat  in  excess.  In  these 
cases  the  fat  finds  entrance  to  the  blood  by  the  veins  which  are  ruptured ; 
but  there  are  cases  in  which  apparently  it  reaches  the  blood  circuitously 
by  the  lymphatics  ;  in  suppurations  occurring  in  parts  rich  in  fat,  such 
as  the  uterus  after  delivery  (endometritis)  this  may  occur  (Cohnheim). 
Oil  also  occurs  in  the  blood  in  cases  of  diabetes.    (See  Lipsemia.) 

The  oil  finds  its  way,  carried  by  the  blood,  to  the  right  side  of 
the  heart  and  on  into  the  lungs.  If  small  in  quantity  it  obstructs 
a  few  capillaries  and  small  arteries,  and  there  is  no  appreciable  efi"ect. 
But,  if  a  considerable  number  of  small  arteries  near  each  other  be 
obstructed  or  even  a  large  luimber  of  capillaries,  we  may  have. a  condi- 


Fig.  s. — Oil  or  i-.it  ciiibolisui  of  the  luu;,'.  The  fat  occupies  the  smaller  arteries 
and  extends  into  the  capillaries,  which,  towards  the  right,  form  a  network  injected 
with  oil.    X  no.  (Thirrkelder.) 

tion  resembling  the  hfemorrhagic  infarction.  In  some  cases  the  oil  may, 
to  some  extent,  pass  through  the  lung  capillaiies,  and  it  is  then  found 
mostly  in  the  Malpighian  tufts  of  the  kidney,  one  or  two  loops  being 
hei'e  and  there  filled.  There  are  a  few  rare  cases  on  record  in  which 
(!xtensive  embolism  has  occurred  in  the  smallest  vessels  of  the  brain, 
conjunctiva,  skin,  muscles,  heart,  intestines,  liver,  and  kidneys,  and  has 
a  j)paT'ently  been  the  cause  of  death. 

The  oil  may  be  detected  in  the  caiiillaries  or  small  arteries  in  the  lung 
or  elsewhere  (see  Fig.  8),  especially  in  sections  which  have  been  ti-eated 
with  osmic  acid. 

(3)  Air-embolism. — T\n',  nxlmi.ssion  of  a  considerable  ([uantity  of  air 
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into  veins  near  the  heart  often  leads  to  a  fatal  result,  and  some  have 
supposed  that  embolism  in  the  lungs  is  the  cause.  As  the  jjressure  in 
the  veins  near  the  heart  is  very  low,  and  there  is  even  a  degree  of 
suction  during  inspiration,  there  is  great  danger  in  opening  such  a 
vein  as  the  jugular.  Air  admitted  at  a  distance  from  the  heart,  as 
by  the  uterine  veins  after  delivery,  may  also  cause  death  (see  case 
referred  to  by  Birch-Hirschfeld).  In  regard  to  the  cause  of  death  in 
these  cases  it  is  important  to  notice  that  a  repeated  admission  of 
small  quantities  of  air  does  not  produce  serious  results,  whereas  a 
single  large  admission  is  rapidly  fatal.  This  hardly  looks  as  if  embolism 
were  the  cause,  and  as  a  matter  of  fact,  the  air  is  found  after  death 
mainly  churned  up  \Y\th  the  blood  in  the  right  auricle  and  ventricle, 
which  are  usually  enormously  dilated.  It  seems  that  the  right  ventricle, 
in  contracting,  merely  sf[ueezes  together  the  elastic  air  which  again  ex- 
pands during  the  diastole.  The  force  of  the  heart  is  thus  fruitlessly 
expended  and  the  blood  is  not  sent  into  the  pulmonary  artery.  More- 
over, the  over  distension  of  the  right  auricle  with  air  prevents  the 
admission  of  blood  from  the  vena3  cavse.  Thus  the  circulation  is  at  a 
standstill  and  death  results. 

(4)  Infective  embolism.— Hitherto  the  phenomena  of  embolism  have 
been  referred  to  on  the  supposition  that  the  obstructing  plug  is  in  itself 
of  an  indifferent  nature.  If  this  is  not  so,  and  especially  if  the  plug 
contains  specific  micro-organisms,  especially  those  of  inflammation 
(pyogenic),  then  the  results  are  very  difi"erent.  In  some  cases  the  veins 
are  in  communication  with  wounds  which  are  the  seat  of  decomposition, 
and  the  thrombi  which  form  contain  pyogenic  micrococci.  If  embolism  " 
occurs,  then  each  embolus,  whether  in  an  artery  or  capillary,  is  likely  to 
form  a  centre  of  inflammation.  Hence  arise  multiple  abscesses,  chiefly 
in  the  lungs,  but  also  in  the  kidneys,  liver,  and  elsewhere.  A  similar 
infective  embolism  may  occur  in  consequence  of  the  existence  of  a  focus 
of  infection  in  the  heart.    (See  Ulcerative  Endocarditis.) 

Literature.— ViRCHow,  as  under  Thrombosis ;  Cohnhkiji,  Neue  Untersuchungen 
iiber  die  embolischen  Proeesse,  1872;  Allgemeine  Pathologie,  1882,  chap.  iv. ; 
CoHNHBiM  undLiTTEN,  Virch.  Arch.,  Ixv.  and  Ixvii.;  Kossuchin,  Virch.  Arch.,  Ixvii ; 
Kecklinghausen  (Retrograde  EmboHsni),  Virch.  Arcli.,  c.  Emholkm  of  mperlor 
mesenteric  arCeri/— Litten,  Virch.  Arch.,  Ixiii. ;  Moves,  Glasgow  Med.  Jour.,  1880 
(full  account  of  literature,  etc.).  Fat-cmboHsm—ZRmiEK,  Beitriige  norm,  und 
path.  Anat  d.  Lunge,  18(32,  p.  31 ;  Waonee,  Arch.  d.  Heilk.,  1862,  iii.  241 ;  Busch, 
Virch.  Arch.,  186C,  xxxv.  321;  Scueba,  Deutsch.  Zeitschr.  f.  Chirurgie,  xii.  118; 

Saundees  and  Hamilton,  Edin.  Med.  Jour.,  July,  1879.    Air  embolism  Amu.ssat, 

Introduction  de  Pair  dans  les  veines,  1839 ;  P.vnum,  Virch.  Arch.,  xxv. ;  Couty, 
Etude  exp6r.,  1875  ;  BniCH-HiHSCHPELD,  Lehrbuch  d.  path.  Anat.,  1886  vol  i   p  26 


H/EMORRHAGE. 


81 


H^MOEEHAGE. 

Two  fonus  of  hajmorrhage  are  to  be  distinguished,  namely,  by 
i-iiptiu-e  {2jer  rhexin),  and  by  diapedesis  (per  diapeclesin).  In  the  latter 
case  the  blood  escapes  through  the  walls  without  solution  of  their  con- 
tinuity. Hfemorrhage  by  rupture  may  take  place  from  any  size  or  kind 
of  vessel,  and  when  it  occurs  there  will  be  an  escape  of  the  whole  blood. 
Hc^morrhage  by  diapedesis  occurs  only  in  the  finest  vessels,  mainly  the 
capillaries;  it  is  chiefly  the  red  corpuscles  which  escape,  and  with  them, 
of  course,  some  fluid,  but  the  fluid  has  not  the  constitution  of  the  entire 
blood-plasma. 

1.  Causation.— The  escape  of  blood  is  produced  for  the  most  part  by 
injury  or  disease  of  the  walls  of  the  heart  or  blood-vessels,  or  by 
an  increase  in  the  blood-pressure,  or  by  both  combined.  Some  would 
add  to  these,  alteration  in  the  constitution  of  the  blood,  but  this  will 
act  in  most  cases  by  injuring  the  walls  of  the  vessels.  It  is  not  possible 
to  separate  accurately  in  their  causation  hfemorrhage  by  rujjture  and  by 
diapedesis.  It  will  be  more  useful  to  enumerate  the  various  conditions 
which  may  lead  in  one  way  or  other  to  hfemorrhage. 

Heemon-hage  is  most  simply  produced  by  Direct  injury  (traumatic 
haemorrhage)  as  in  wounds,  bruises,  fracture  of  bones,  etc.  It  may  be 
produced  by  Reduction  of  pressure  outside  the  vessels,  so  that  the 
blood-pressure  is  relatively  increased.  In  this  way  we  may  have 
hjemorrhage  as  a  result  of  reducing  the  atmospheric  pressure  in  cuppine 
m  ascending  hills,  or  in  balloons.  To  a  similar  cause  may  be  ascribed 
hfemorrhage  on  sudden  removal  of  tumours  or  exudations. 

Venous  obstruction  is  one  of  the  most  important  causes  of  hfemorrhage. 
A  frequent  example  of  this  is  aTorded  b^  hfemorrhage  from  the  stomach 
and  mtestme  in  consequence  of  obstruction  of  the  portal  vein  by  throm- 
bosis or  by  cirrhosis  of  the  liver.    Thrombosis  of  the  longitudinal  sinus 
ot  the  dura  mater  may  lead  to  hfemorrhage  in  the  brain  substance,  which 
^  usually  capillary,  but  may  be  in  the  form  of  a  large  extravasation. 
Violent  contraction  of  muscles  is  not  a  common  cause,  but  in  severe 
vomiting  the  obstruction  of  the  veins  by  the  contraction  of  the  muscular 
coat  of  the  stomach  frequently  produces  ecchymosis  of  the  mucous 
membrane  and  erosions.     Obstruction  to  the  respiration  may  lead 
to  hfemorrhfige  by  obstructing  the  venous  circulation.     Thus,  in  death 
by  asphyxia  there  arc  subpleural  and  subpericardial  hemorrhages.  In 
all  these  cases  the  venous  obstruction  induces  passive  hyperfemia,  and 
the  haemorrhage  is  mostly  by  difipedesis. 

Disease  of  the  walls  of  the  heart  or  vessels  is  another  cause  of 
naeniorrhage.    In  this  category  are  included  conditions  of  the  heart  due 
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to  disease  of  the  coronary  arteries  (whicli  see),  aneurysm  and  atheroma  of 
arteries,  and  varicose  dilatation  of  veins.  In  all  of  these  a  rise  in  the 
blood-pressure  is  frequently  the  determining  cause  of  the  haemorrhage, 
and  hypertrophy  of  the  left  ventricle,  implying  a  more  or  less  permanent 
elevation  of  the  blood-pressure,  forms  a  constant  source  of  danger,  where 
the  vessels  are  diseased.  New-formed  vessels,  whether  in  inflamma- 
tions or  in  tumours,  are  prone  to  rupture,  presumably  on  account 
of  thinness  of  their  walls.  Obstruction  of  arteries  and  capillaries  pro- 
duces haemorrhage,  as  we  have  already  seen  in  the  case  of  the 
haemorrhasiic  infarction.  Fat-embolism  even  when  the  obstruction 
is  entirely  capillary  may  have  this  cifect,  and  according  to  Busch  and 
Eecklinghausen  the  haemorrhages  may  be  in  the  brain  and  heart  as  well 
as  in  the  lungs. 

Hsemophilia  or  Hsemorrhagic  diathesis  is  a  condition  in  Avhich 
hsemorrhage  is  apt  to  occur  from  very  tri^^rial  causes,  and  it  is  ver}^ 
difficult  to  get  the  haemorrhage  stopped.  It  is  an  eminently  hereditary 
condition — probably  the  most  hereditarj^  of  all  diseases — and  is  pro- 
bably due  to  faulty  construction  of  the  vessels.  Virchow  has  observed 
thinness  and  smallness  of  the  aorta  in  one  case,  and  we  may  perhaps 
infer  that  the  whole  system  of  blood-vessels  is  imperfectly  formed. 
Eecklinghausen  seems  to  regard  haemophilia  as  in  some  way  related  in 
its  causation  to  affection  of  the  vaso-motor  nerves. 

Alteration  of  the  blood  is  another  cause  of  haemorrhage.  It  may  be 
that  the  blood  has  been  altered  as  regards  one  or  more  of  its  essential 
constituents,  as  in  scurvy,  anaemia,  leukaemia,  or  that  a  morbid  poison 
is  present  in  the  blood,  as  in  typhus  fever  (petechias  in  sldn),  small-pox, 
yellow  fever,  snake-bite,  poisoning  by  phosphorus.  Watson  Cheyne, 
and  Russell  have  recently  ascribed  the  haemorrhage  in  purpura  to 
obstruction  of  capillaries  by  colonies  of  micro-organisms.  AVeigert  has 
described  a  similar  condition  in  haemorrhagic  small -pox. 

Nervous  influences  may  lead  to  haemorrhage.  The  physiological 
haemorrhage  of  menstruation  is  effected  by  means  of  the  nervous  system. 
The  same  applies  to  vicarious  menstruation,  in  which  haemorrhage  occm-s 
in  another  situation,  as  the  nose,  mouth,  or  lungs,  in  consequence  of 
interference  with  the  ordinary  process  in  the  litems.  Bloody-sweating 
or  Hsematidrosis  is  another  instance  of  bleeding  in  consequence  of 
nervous  influences. 

2.  Stilling  of  haemorrhage. — In  the  case  of  haemorrhage  by  diapedesis, 
and  more  particularly  in  haanorrhage  due  to  passive  hyperaemia  and 
alterations  in  the  blood,  the  h;emovrhage  will  cease  when  the  cause  is 
removed.  If  the  vessel  has  been  actually  ruptured,  then  the  stoppage 
will  occur  by  thrombosis.     The  torn  edge  of  the  aperture  will  itself 
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induce  thrombosis,  and  as  the  blood  is  in  motion  the  thrombus  will  be  a 
white  or  mixed  one.    It  often  hapioens  that  as  the  current  is  too  strong 
to  alloAv  of  a  thrombus  readily  forming  at  the  ajDerturc,  the  coagulation 
may  begin  in  the  blood  outside,  and  the  clot  thus  formed  may  materially 
assist  in  stopping  the  aperture.     Thus  in  the  case  of  a  divided  artery 
the  contraction  of  the  muscular  coat  causes  narrowing  of  the  calibre  and 
a  withdrawal  of  the  vessel  within  its  sheath.  There  is  thus  left  a  certain 
extent  of  .  empty  sheath  in  which  the  blood  may  coagulate.  This 
contraction  of  the  muscular  coat  is  brought  about  in  the  first  instance 
by  the  stimulus  of  the  agent  which  caused  the  rupture,  and  it  will 
be  kept  up  by  the  irritation  of  the  blood  on  the  exposed  and  torn 
structures.     Other  circumstances   may  favour  the  stilling  of  the 
hemorrhage.    If  the  bleeding  is  considerable  the  anaemia,  by  weakening 
the  heart  and  reducing  the  blood-pressure,  will  more  readily  allow 
of  thrombosis.    On  the  other  hand,  circumstances  may  be  unfavourable 
to  the  stilling  of  the  hajmorrhage,  more  especially  when  they  hinder 
contraction  of  arteries.     Amongst  these  may  be  mentioned  disease 
of  the  walls  of  arteries  (atheroma,  aneurysm),  the  api^lication  of  warmth, 
and  a  longitudinal  wound.    In  the  last-mentioned  case  the  contraction 
of  the  artery  will  cause  the  wound  to  gape,  and  the  haemorrhage  is  with 
difficulty  stopped  unless  the  surgeon  cuts  the  vessel  right  across. 

3.  Seat  of  the  effused  blood. -When  bleeding  occurs  at  the  free  sur- 
face of  the  body,  the  blood  usually  passes  away  and  is  lost.  On  the  other 
hand,  it  may  take  place  into  an  existing  cavity,  or  the  blood  may  make 
a  cavity  for  itself  by  tearing.  Sometimes  the  blood  in  such  a  cavity 
forms  a  distinct  tumour-like  mass,  which  may  be  somewhat  permanent- 
this  condition  is  called  Hsematoma.  If  the  blood  permeates  the 
interstices  of  the  tissues  without  tearing,  the  condition  is  called 
Hemorrhagic  infiltration.  Infiltration  of  the  skin  or  subcutaneous 
tissue  IS  called  Ecchymosis  or  Sugillation.  Small  patches  of  haemor- 
rhage m  the  skin  arising  chiefly  in  purpura  and  acute  fevers  are  called 
•PetechiaB  or  Vibices. 

Certain  hiemonhages  have  received  special  names,  thus,  Epistaxis  is  bleeding  from 
the  nose,  H^matemesis  from  the  stomach,  HsBmoptysis  from  the  respiratory  organs, 
Metrorrhagia  from  the  uterus,  HsBmaturia  from  the  vuinary  organs.  When  blood 
accumulates  in  cavities,  special  names  are  sometimes  given,  thus  in  the  case  of  the 
uterus,  Hsmatonietra  ;  of  the  pleura,  Heemothorax;  of  the  pericardimn,  Heemoperi- 
caraium  ;  of  the  tunica  vaginalis  of  the  testicle,  HtBmatocele. 

I  Disposal  Of  the  blood.-In  the  case  of  ha>morr]iage  by  diapedesis 
'tnd  in  most  ha^morrhagic  infiltrations,  the  blood,  being  in  the  serous 
spaces  and  in  communication  with  the  lymphatics,  is  readily  carried  off. 
before  it  is  finally  disposed  of  in  this  way,  however,  it  may  have  under- 
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Fig.  fl.- 


Crystals  of  liEematoidin  from  fin  old 
Their  colour  is  reddish 


hsemorrhage  in  the  brain, 
brown.     X  350. 


gone  changes,  especially  in  the  red  corpuscles,  such  as  result  in  a  greater 
or  lesser  degree  of  pigmentation.  These  changes  are,  however,  similar 
to  those  about  to  be  mentioned  as  occurring  in  larger  haemorrhages. 

In  larger  haemorrhages  the  blood  forms  a  mass  and  coagulates,  while 
at  the  perijDhery  there  is  a  certain  amount  of  infiltration  into  the 

surrounding  tissue.  An  early 
phenomenon  is  the  solution  of 
the  haemoglobin  of  the  red  cor- 
puscles. A  red  solution  is  thus 
formed  which  may  stain  the 
tissues  for  some  distance  around. 
The  peculiar  bright  red  coloixr 
which  one  sees  in  the  neighbour- 
hood of  a  haemorrhage  in  the 
brain,  or  the  various  colours 
seen  in  the  skin  after  an  effusion  of  blood  into  it,  are  due  to  staining 
of  the  tissues  with  the  dissolved  colouring  matter  of  the  blood,  but 
neither  of  these  is  permanent.  As  the  pigment  is  dissolved  it  will  pass 
off  with  the  fluid  into  the  lymphatics,  and  the  staining,  while  it  may 
be  somewhat  extensive,  vdll  be  evanescent.  A  more  durable  Pigmenta- 
tion may  result  in  two  difi"erent  ways.  In  the  first  place,  the  colouring 
matter  after  being  dissolved  out  of  the  corpuscles  is  often,  after  a  time, 
deposited  in  the  solid  form,  appearing  as  crystals  of  ha^matoidin  (see  Fig. 
9),  or  as  granules.  In  the  second  place,  the  red  blood  cori^uscles  may 
be  taken  into  the  substance  of  other  cells,  and  so  disposed  of.  (See 

Pathological  pigmentation.)  If 
the  blood  is  considerable  in 
amount  it  comes  to  be  treated 
as  a  piece  of  dead  animal 
matter  in  the  midst  of  the 
living  tissues.  Inflammation 
occurs  around  it,  and  this  leads 
to  what  is  called  Organization 
of  the  clot.  In  this  case  the 
process  is  verj^  similar  to  that- 
already  referred  to  in  the 
organization  of  the  thrombus 
(which  see),  and  the  result  is 
usually  the  formation  of  a 
cicatrix.  Sometimes  a  process 
in  some  respects  similar  to  the  formation  of  cavernous  tissue  in  place  of 
the  thrombus  occurs,  but  instead  of  the  meshes  being  filled  with  blood 


iMg.  10.— Crystals  of  hicmiu  prepared  artificially  by 
adding  glacial"  acetic  acid  to  a  drop  of  blood,  heating 
and  evaporating  to  drynsss.    x  350. 
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they  are  filled  with  sei'ous  fluid.  Thus  in  the  case  of  a  haemorrhage  in 
the  substance  of  the  brain  the  new-formed  connective  tissue  which 
replaces  the  effused  blood,  is  unable,  from  the  brittle  nature  of  the  brain 
tissue,  and  the  fact  that  it  is  contained  in  a  closed  rigid  cavity,  to 
form  a  cicatrix  by  its  contraction.  Instead  of  that,  by  its  contraction 
it  leaves  spaces  which  are  filled  with  serous  fluid,  and  so  we  have  the 
apoplectic  cyst. 

An  old  clot  which  is  not  in  a  position  to  be  readily  disposed  of  in 
any  of  the  ways  described  may  dry  in  and  finally  become  impregnated 
with  lime  salts.  It  need  hardly  be  said  that  when  exposed  to  septic 
influences,  a  clot  is  liable — perhaps  very  liable — to  undergo  decom- 
position. 

Literature. — Hmmorrhage  hy  diapedesis — Steickee,  Sitzber.  d.  Wien.  Akacl, 
1865-66-67  ;  Cohnheim,  Virch.  Arch.,  xli.  and  xlv.,  and  Allg.Patli.,  i.,  368 ;  Aknold, 
Virch.  Arch.,  Iviii.,  203,  231.  HcemopUlia—BjjKGDW,  Med.  Chir.  trans.,  1817,  viii., 
224 ;  WicKHAii  Legg,  Treatise  on  h.,  1872  ;  Gkandidiee,  Die  HfemophiUe,  1877 ; 
Eecklinghadsen,  Allg.  Path.,  p.  91 ;  Viechow,  Deutsch.  Klinik,  1856.  Purpura— 
EussELL,  Brit.  Med.  Jour.,  Sept.,  1883 ;  Watson  Cheyne,  Path,  trans.,  xxxv.,  1884. 
Arreat  of  AtEworrArti/e— Stilling,  Proc.  b.  d.  Heilung  der  Blutgefiisse,  1834; 
Paget,  Lectures  on  Surg.  Path.,  3d.  ed.,  1-70.  Ha.matoma—N-mcB.ovi,  Geseh- 
\viUste,  i.,  144. 

CEDEMA  AND  DROPSY. 

In  order  to  understand  these  conditions  it  is  necessary  to  refer  to 
certain  points  in  the  normal  relations  of  the  lymphatic  circulation. 
The  connective  tissue  throughout  the  body  is  as  it  were  permeated  with 
spaces  of  various  shapes  in  which  the  connective  tissue  corpuscles  lie. 
These  lacunae  or  serous  spaces  are  lined  with  endothelium  like  the  blood 
and  lymphatic  vessels  themselves.  The  serous  spaces  are  provided  (as 
shown  in  Fig.  11)  with  numerous  anastomosing  processes,  and  they 
communicate  on  the  one  hand  with  the  interior  of  the  blood-vessels,  and 
on  the  other  with  the  lymphatics.  Arnold  and  others  (see  Fig.  12) 
have  succeeded  in  injecting  the  serous  spaces  from  the  blood-vessels, 
especially  when,  as  in  passive  hypersemia,  the  channels  of  communica- 
tion between  blood-vessels  and  si)aces  have  been  widened.  We  are  to 
suppose  that  a  circulation  is  continually  proceeding  from  the  capillary 
blood-vessels  into  these  spaces,  and  so  into  the  capillary  lymphatics. 
The  serous  cavities  of  the  body  are  to  be  regarded  as  large  serous  spaces. 
They  also  are  lined  with  endothelium,  and  are  continuous  with  the 
lymphatic  capillaries.  To  a  considerable  extent  also  the  lung  alveoli 
are  similar  to  the  serous  spaces.  We  know  that  fine  dust  inhaled  into 
the  alveoli  readily  passes  into  the  lymphatics,  and  in  oedema  of  the  lung 
the  fluid  is  in  the  alveoli. 
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CEdema  is  over-filling  of  the  serous  sjiaces  with  fluid,  dropsy  is  over- 
filling of  the  serous  cavities,  but  the  latter  term  is  often  used  in  a 
general  sense  to  include  both.  When  oedema  affects  the  surface  of  the 
body  generally  it  is  often  called  general  dropsy,  or  Anasarca  or  Hypo- 
sarca.    Oj^posed  to  this  is  local  oedema  and  local  dropsy. 


Fig.  11.— Serous  spaces  (cc)  and  lymphatic  capillaries  (iht)  on  pleural  surface  of  dia- 
.     phragm  in  preparation  treated  with  nitrate  of  silver.    The  connection  of  the  br.anched 
spaces  with  the  commencing  lymphatic  vessels  is  shown.  (Riccklixoiiai-sen.) 

Causation  and  nature  of  the  process.— Anything  which  causes  an 
excess  of  fluid  in  these  spaces  or  cavities  produce  oedema  or  dropsy, 
and  the  first  condition  which  suggests  itself  is  obstruction  of  the  13-m- 
phatics.  The  force  which  carries  on  the  lymphatic  circulation  is  largely 
the  blood-pressure  propagated  from  the  capillaries,  and  it  may  be 
expected  that  obstruction  to  a  lymphatic  stem  M^ould  jji-oduce  accumu- 
lation of  fluid  in  the  sijaccs.  But  it  is  to  be  remembered  that  the  serous 
spaces  are  in  as  close  relation  to  the  blood-capillaries  as  they  are  to  the 
lymph-capillaries,  and  any  obstruction  to  the  lymphatics  will  probably 
have  the  effect  of  causing  the  transuded  fluid  to  return  to  the  blood- 
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capillaries.  Majendie  demonstrated  that  the  power  of  absorption  pos- 
sessed by  the  veins  is  very  great,  and  exjjeriment  has  shown  that  the 
whole  lymphatics  of  a  lindj  may  be  ligatured,  or,  what  is  equal  to  that 
the  entire  lymphatic  glands  excised  without  producing  oedema.  The 
blood-vessels  take  up  the  functions  till  new  lymphatic  channels  are 
formed. 

When  the  Thoracic  duct  is  obstructed  there  is  not  necessarilj^  any 
oedema  or  dropsy,  although  lesions  which  obstruct  the  duct  generally 
interfere  also  with  the  veins  and  predispose  to  oedema.  On  the  other 
hand,  when  the  duct  is  obstructed  there  is  distension  distal  to  the  seat 


a  a 


Fig.  1 2.— Capillary  blood-vessels,  serous  spaces  and  capillary  lymphatics  of  the 
frog's  swlmralDK  web,  HUed  with  (blue)  injection  material  thrown  iiito  the  blood- 
vessels. (The  black  branched  bodies  are  the  normal  pigment  cells.)  a,  a,  Capil- 
lary blood-ve.ssels  filled  with  injection  material,  b,  h.  Lymphatic  capillaries  also 
injected  but  less  full  than  the  blood  capillaries,  r,  c,  Serous  spaces  injected  from 
the  blood-vessels.  The  injection  w.as  made  after  passive  hyperajmia  had  been 
produced  by  ligaturing  the  vein.    (Arnold.)    x  250. 

of  obstruction,  and  this  may  lead  to  rupture  of  the  chyle  vessels  in  the 
abdomen  or  of  the  duct  itself.  In  this  way  occur  Chylous  ascites  and 
chylous  pleural  exudation.  Eecklinghauscn  has  also  seen  a  case  of  chylous 
ascites  arising  from  obstruction  of  the  chyle  vessels  of  the  m-csentery 
■with  cancerous  growth.  Manson,  again,  accounts  for  the  occurrence  of 
chylous  urine  and  lymph  scrotum  by  obstruction  of  the  lymphatic 
glands  with  the  ova  of  the  filaria  sanguinis  (see  under  Parasites).  We 
may  say,  however,  that  with  these  exceptions,  obstruction  of  lymphatics 
docs  not  of  itself  lead  to  oedema  or  droi)sy,  although  it  is  clear  that  it 
may  aggravate  an  oedema  whose  cause  is  to  be  found  in  some  other 
condition. 

Passive  hypersemia  is  the  most  frequent  cause  of  oedema  and  dropsy. 
Here  there  is  increased  pressure  in  the  capillaries  and  veins,  and  a 
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greatly  increased  transudation.  From  what  has  gone  before,  it  wll 
appear  probable  that  the  increase  of  jDressure  is  not  the  only  element  in 
the  case,  but  that  the  capillary  wall  is  so  altered  as  to  be  abnormally 
permeable.  This  view  appears  more  probable  when  we  find  that  Active 
hyperaemia  rarely  produces  oedema  unless  complicated  with  inflamma- 
tion, in  which  case  the  agent  which  causes  the  inflammation  presumably 
acts  on  the  capillary  wall.  (See  under  Inflammation.)  In  passive  hj'^per- 
semia  the  fluid  exuded  will  be  a  watery  serum,  and  as  there  is  diapedesis 
it  will  contain  red  corpuscles  in  considerable  numbers.  The  red  cor- 
puscles will  be  taken  up  by  the  leucocytes  as  already  described,  and 
carried  to  the  lymphatic  glands  where  they  Avill  disintegrate. 

It  should  be  added  that  it  requires  considerable  increase  of  pressure  in  the  capil- 
laries to  produce  an  oedema  by  passive  hyperffimia  when  acting  alone.  It  has  even 
been  stated  that  a  simple  passive  hypersmia,  apart  from  vaso-motor  paralysis 
(producing  also  active  hyperaBmia),  does  not  lead  to  cedema.  It  has  been  shown 
that  if  the  iliac  vein  of  a  dog  be  ligatured  there  is  no  oedema  till  the  sciatic  nerve  is 
cut.  The  explanation  of  this,  however,  may  be  that  this  vein  has  such  free  anasto- 
moses that  its  obstruction  by  Hgature  does  not  raise  the  blood-pressure  sufficiently  to 
induce  oedema,  whereas  a  coincident  vaso-motor  paralysis  piroducing  dilatation 
of  the  arteries  raises  the  blood-pressure  sufficiently.  Experiment  proves  that  if 
a  sufficient  number  of  veins  be  obstructed  oedema  will  result  without  vaso-motor 
paralysis.  Sotnitchewsky,  by  introducing  plaster  of  Paris  into  a  peripheral  vein  of 
the  leg  of  a  dog  while  the  thigh  was  constricted  by  an  elastic  band,  succeeded  in 
obstructing  a  number  of  veins  by  the  gypsum  hardening  in  them.  In  this  case 
oedema  followed  without  the  induction  of  vaso-motor  paralysis.  In  passive  hyper- 
ffimia from  thrombosis  of  veins  there  are  usually  many  veins  obstructed  before 
oedema  occurs.  In  the  case  of  passive  hyperffimia  from'  heart-disease  it  may  well 
be  supposed  that  the  prolonged  venous  engorgement  will  produce  a  more  than  usual 
deterioration  of  the  capillary  wall,  besides  a  depreciation  of  the  blood  itself.  Hence 
valvular  disease  of  the  heart  is  the  most  frequent  cause  of  this  form  of  oedema. 

A  watery  state  of  the  blood,  or  Hydraemia,  is  frequently  asserted  as 
a  cause  of  the  so-called  cachectic  oedemas.  According  to  Cohnheim 
and  his  assistants  a  simple  anaemia  induced  in  animals  by  repeated 
blood-lettings  and  the  replacement  of  the  blood  by  a  solution  of  common 
salt,  is  not  sufficient  to  induce , oedema.  In  the  human  subject,  however, 
the  conditions  are  different  from  those  of  such  an  acute  hydrajmia,  in 
respect  that  in  chronic  emaciating  diseases  we  have  a  prolonged  deteri- 
oration of  the  blood,  during  which  the  nutrition  of  the  tissues  genei-ally 
■will  suffer.  Under  these  circumstances  the  blood-vessels  become  more 
IDermeable.  There  is  usually  also  in  these  diseases  weakness  of  the 
heart,  and  consequently  a  tendency  to  passive  hyperasmia  in  dependent 
parts.  A  slight  amount  of  passive  hyperajmia  will,  in  the  existing  state 
of  the  blood  and  tissues,  induce  oedema.  In  accordance  with  these  facts, 
the  oedema  is  usually  in  the  lower  extremities. 
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The  causation  of  the  characteristic  (Edema  of  Bright's  disease  is  much 
more  difficult  to  explain.  There  is,  indeed,  in  acute  Bright's  disease  a 
seiious  reduction  in  the  specific  gravity  of  the  blood  serum.  It  has  been 
found  reduced  to  1020,  or  even  1013,  instead  of  standing  at  1030,  which 
is  the  normal.  This  hydraemia  is  induced  in  two  different  ways.  There 
is  the  loss  of  albumen,  which  renders  the  blood  directly  more  watery, 
but  there  is  also  an  abnormal  retention  of  the  water  in  the  blood.  In 
acute  Bright's  disease,  especially,  there  is  a  great  reduction  in  the 
amount,  of  urine  secreted,  and  this  implies  an  increase  in  the  water  of 
the  blood.  It  is  in  these  cases,  it  will  be  observed,  that  the  occurrence 
of  cedema  is  most  frequent.  These  facts  naturally  suggest  that  if  the 
(edema  in  Bright's  disease  is  not  due  simply  to  the  hydraimia,  it  may  be 
due  to  this  in  conjunction  with  the  increased  bulk  of  the  blood,  to  a 
Hydrsemic  plethora.  This  view  has  obtained  much  support.  It  has 
been  supposed  that,  the  entire  bulk  of  the  blood  being  increased,  there 
will  be  increased  pressure  in  the  capillaries  and  increased  transudation 
from  the  watery  blood.  This  explanation,  however,  is  not  a  sufficient 
one,  as  it  is  opposed  by  observations  in  the  human  subject  and  by 
experiments  on  animals.  In  the  first  place  there  are  cases  of  absolute 
suppression  of  urine,  as  in  hysterical  females,  etc.,  in  which  we  must 
presume  an  exaggerated  hydrsemic  plethora,  but  without  a  trace  of 
oedema,  and,  in  the  second  place,  an  exaggerated  hydrsemic  plethora 
may  be  induced  in  animals  without  leading  to  cedema  of  the  skin. 

In  some  experiments  by  Cohnheim  and  Lichtheim,  a  hyclrffimic  plethora  was 
mduced  by  injecting  a  solution  of  common  salt  into  the  vessels  of  animals. 
Enormous  quantities,  in  some  cases  more  than  three  times  the  bulk  of  the  blood, 
could  be  injected  without  killing  the  animal.  As  in  other  cases  of  transfusion,  these 
injections  did  not  produce  any  permanent  rise  in  the  blood-pressure.  The  most 
direct  result  was  a  great  acceleration  in  the  speed  of  the  blood  current,  presumably 
from  the  diminished  friction  of  the  watery  blood.  There  was  also  a  greatly 
increased  transudation,  and  consequently,  increased  flow  of  lymph.  But  this 
was  remarkably  locaUzed.  There  was  a  greatly  increased  flow  of  lymph  in  the 
thoracic  duct,  showing  that  in  the  viscera  the  transudation  was  increased ;  while 
the  lymphatics  of  the  limbs  showed  no  increase,  indicating  that  in  the  skin 
and  muscles  the  transudation  was  not  increased.  There  was  also  greatly  increased 
secretion  from  the  salivary  glands,  stomach  and  intestine,  liver,  lachrymal  glands, 
and  kidneys.  In  these  organs  an  cedema  was  developed,  that  is  to  say,  in 
the  mucous  membrane  and  submucous  tissue  of  the  stomach  and  intestines, 
in  the  lymphatic  glands  of  the  mesentery,  in  the  pancreas,  kidneys,  gall  bladder, 
salivary  glands  ;  there  was  also  ascites,  but  no  oedema  of  the  subcutaneous  tissue. 
The  explanation  suggested  for  this  localization  of  the  increased  transudation  and 
e  (fidema  is,  that  these  organs  are  all  normally  concerned  in  the  removal  of  water 
rom  the  blood,  and  that  probably  their  blood-vessels  are  unusually  permeable  to 
water  The  experiments  produce  a  great  increase  in  the  water  of  the  blood,  and  the 
vessels  give  ready  passage  to  it. 
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These  observations  and  experiments  may  seem  to  throw  little 
light  on  the  osdema  of  Bright's  disease,  except  in  a  negative  way. 
But  looking  closely  at  the  experiments,  they  show  that  hydrjemic 
plethora  induces  increased  transudation  and  oedema  in  parts  pre- 
disposed. In  Bright's  disease  we  have  two  elements  which  are 
awanting  in  these  experiments.  On  the  one  hand  the  kidneys  are 
inactive,  and  on  the  other  there  is  in  the  blood  an  irritant,  which, 
acting  on  the  kidneys,  has  induced  the  disease  in  them.  This  irritant 
may  be  presumed  to  act  on  the  skin  as  well  as  on  the  kidneys.  As 
Cohnheim  has  pointed  out,  there  are  many  facts  which  indicate 
a  close  relation  between  the  skin  and  kidneys  in  Bright's  disease. 
In  scarlatina,  for  instance,  we  have  an  acute  inflammatory  hypersemia 
of  the  skin  during  the  febrile  stage.  But  there  are,  even  in  this  stage, 
inflammatory  changes  in  the  kidneys,  and  when  these  phenomena 
advance  sufiiciently  to  induce  a  hydrsemic  plethora,  it  is  perhaps 
not  remarkable  that  oedema  occurs  in  the  previously  damaged  skin.  In 
the  experiments  above  referred  to,  it  was  found  that  although  the 
normal  skin  did  not  become  oedematous,  yet  when  it  had  been 
previously  inflamed,  as  by  pencilling  Avith  iodine  solution,  or  by  ex- 
posing to  a  strong  sun,  then  oedema  showed  itself.  The  oedema  of 
Bright's  disease  hence  approaches  in  its  pathology  to  inflammatory 
oedema. 

Nervous  influences  sometimes  play  a  part  in  the  production  of 
oedema.  The  most  familiar  examples  of  this  are  afforded  by  erythema 
nodosum,  and  urticaria,  where  nervous  irritation,  usually  reflex, 
induces  localized  swellings,  presumably  oedematous,  in  the  skin.  The 
bites  of  insects,  especially  fleas,  produce  similar  effects  in  some  persons, 
and,  in  this  case  as  in  the  others  there  are  sensations  indicating  irritation 
of  the  nerves.  In  injuries  to  nerve-stems,  some  authors  have  observed 
local  oedema,  and  oedema  sometimes  follows  paralj'sis,  both  paraplegic 
and  hemiplegic,  in  the  latter  case  forming  a  hemi-anasarca.  Probabl}' 
in  all  these  cases  the  nervous  lesion  merely  induces  a  condition  of  the 
vessels  Avhich  predisposes  to  oedema,  and  its  actual  occurrence  is  deter- 
mined by  other  causes.  Thus  in  the  case  of  urticaria  and  flea  bites,  the 
parts  are  usually  subjected  to  rubbing,  while  in  paralysis  the  position  of 
the  limbs,  conspiring  Avith  vaso-motor  paralysis  may  determine  «dema 
by  inducing  passive  hyperaamia. 

Position  and  character  of  the  transudation. — The  fluid  transuded 
accumidates  where  there  is  room  for  it,  and  es^jecially  in  places  where 
the  tissue  is  loose  and  easily  stretched.  The  elasticity  of  the  tissue 
will  therefore  have  a  considerable  influence  on  the  localit}^  of  the 
oedema.     The  oedema  of  Bright's  disease,  for  instance,  frequently 


CEDEMA  AND  DROPSY. 


91 


begins  in  tho  loose  subcutaneous  tissiie  about  the  eyelids,  and  oedema 
in  the  larynx  is  in  the  loose  ary-epiglottic  folds. 

The  dropsical  fluids  are  deficient  in  albumen  as  compared  with  the 
liquor  sanguinis  or  inflammatorj^  exudations,  but  they  contain  soluble 
salts  in  proportions  nearly  equal  to  these  fluids. 

The  amount  of  albumen  varies  in  different  cases,  being  determined  to  some  extent 
by  the  state  of  the  blood,  and  the  condition  of  the  blood-pressure.  It  varies 
also  very  markedly  according  to  locality.  Thus  the  percentage  of  albumen  is 
stated  by  Eeuss  to  be,  in  the  case  of  the  pleura,  22-51 ;  pericardium,  18-33 ; 
peritoneum,  11-14;  subcutaneous  tissue,  5-79;  brain  and  cord,  1-14.  Eeckhnghausen 
accounts  for  the  larger  amount  of  albumen  in  the  pleura  and  peritoneum,  as 
compared  with  the  subcutaneous  tissue  and  pia  mater,  by  the  greater  richness 
of  the  foi-mer  in  capillaries.  Some  authors  assert  that  in  the  pia  mater  there 
are  only  veins  and  ai-teries.  The  fluid  according  to  its  circumstances  may 
contain  bile  pigment,  bihary  acids,  fat,  etc.,  and  in  Bright's  disease  it  regularly 
contains  urea. 

Myxoedema  is  a  term  of  recent  introduction,  which  designates  a  condition 
characterized  by  certain  alterations  in  the  skin  and  elsewhere ;  the  condition 
seems  to  be  induced  by  atrophy  or  removal  of  the  thyi'oid  gland.     (See  further  on.) 

Literature. — Verchow,  Hanb.  d.  spec.  Path.,  i. ;  Abnold,  Virch.,  Arch.  Ixii.  157, 
and  Ixiv.  120;  Becklinghausen,  Allg.  Path.,  p.  94,  etc.;  Sotnitschewsky,  Virch. 
Arch.  Ixxvii.  85  ;  Cohnheim  und  Lichtheim,  Virch.  Arch.,  Ixix.  106,  and  Cohnheim, 
Allg.  Path.,  vol.  i.;  Hilton  Fagge,  Principles  and  Practice  of  Med.,  ii.  442; 
RuNEBERG  (Filtration  of  solution  of  Albumen),  Arch.  d.  Heilk.,  xviii.  1;  Heedenhain, 
Hermann's  Physiol,  v.;  Weie  Mitchell,  Mobehouse,  and  Keen,  Gunshot  Wounds, 
etc.;  Reuss,  Deutsch.  Ai-ch.  f.  Khn.  Med.,  xxiv.  183. 
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SECTION  IV. 

ALTERATIONS  OF  THE  BLOOD  AND  ITS  CONSTITUENTS. 

General  Hyperemia,  Plethora  ;  produced  artificially  b;/  Transfusion  ;  Plethora 
as  a  pathological  condition.  General  Anemia,  Spanannia ;  Causation; 
hcemorrhage,  hwmoglobinuria  ;  Character  of  lesion  ;  in  oUgcemia  ;  in  pernicious 
ancemia  ;  in  chlorosis  ;  in  secondary  anaimias.  Secondary  changes  in  anmmias, 
LeuKjIIMIA,  Causation  obscure;  changes  in  blood;  spleen;  bone-inarrow ; 
hjmjjhatic  glands ;  and  in  liver,  kidneys,  etc.  Abnormal  constituents  in 
THE  BLOOD.  ( 1 )  Melanamia ;  pigment  in  blood  and  organs  ;  (2)  Lipaunia ; 
fat  in  blood,  chiefly  in  diabetes;  (3)  Urcemia;  (4)  Diabetes  mellitus,  arising 
from  conversion  of  glycogen  into  sugar ;  relation  between  food  and  sugar  pro- 
duction; experimental  production  of  glycosuria ;  relation  to  lesions  of  pancreas 
and,  semilunar  ganglion. 

rpHE  blood  is  to  be  regarded  as  a  tissue  which  is  being  continually 
changed  by  loss  and  renewal  of  its  constituents.  It  is  a  fluid  in 
which  are  suspended  red  and  white  cells  or  corpuscles.  It  is  a  vehicle  by 
which  the  nutritious  material  required  by  the  tissues,  and  the  oxygen 
necessary  for  their  respiratory  processes  are  conveyed ;  the  former 
function  being  performed  by  the  liquor  sanguinis,  and  the  latter  by  the 
red  corpuscles.  It  also  carries  off  to  their  proper  places  of  excretion 
the  products  of  tissue  change,  and  the  carbonic  acid  resulting  from  the 
respiratory  process  in  the  tissues. 

The  mode  of  formation  of  the  corpuscles  of  the  blood  is  still  obscure, 
but  it  is  generally  believed  that  the  bone-marrow,  spleen,  and  lymphatic 
glands  have  essentially  to  do  with  their  renewal. 

GENEEAL  HYPEEiEMIA.  PLETHOEA. 

These  terms  designate  the  condition  in  which  the  total  quantity  of 
blood  in  the  body  is  in  excess.  The  first  question  that  arises  here  is, 
whether  the  vascular  system  is  capable  of  accommodating  moi'e  blood 
than  it  contains  normally.  There  is  no  difiicultj''  in  answering  this 
question  in  the  affirmative.  If  the  vessels  as  a  whole  could  contain  no 
more  blood  than  they  normally  hold,  then  there  could  be  no  local 
variations,  no  blushing,  no  increase  in  the  quantitj'-  of  blood  during 
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iictivity  of  organs.  The  capillaries  present  great  varieties  in  the 
amount  of  blood  they  contain  at  different  times,  and  if  we  take  the 
whole  capillaries  of  the  body  into  account,  it  will  appear  that  in  them 
there  is  a  great  reserve  sjDace  which  may  possibly  on  occasion  be  used 
for  the  accommodation  of  an  excess  of  blood.  This  matter  has  been 
broiight  to  the  test  of  experiment,  blood  being  transfused  into  the 
circulating  apparatus  in  animals. 

Transfusion  of  blood  is  the  artificial  introduction  into  the  vascular  system  of  blood 
from  another  person  or  animal. 

In  the  experiments  of  Worm  Miiller,  which  are  chiefly  of  imi^ortance  here,  the 
defibriuated  blood  of  dogs  was  injected,  with  precautions,  into  the  vessels  of 
animals  of  the  same  kind.  It  is  not  remarkable  that  the  vascular  system  can 
accommodate  a  large  additional  quantity  of  blood,  but  it  is  remarkable  that  it 
should  do  so  with  little  disturbance  to  the  health  of  the  animal.  A  quantity  equal 
to  a  half  or  three  fourths  of  the  blood  normally  present  in  the  animal  may  be 
injected  without  injuring  the  health  of  the  animal,  and  the  quantity  needs  to  be 
double  the  normal,  or  over  it,  before  the  animal's  health  is  seriously  impaired.  It 
might  be  expected  that  when  the  vascular  system  is  thus  overfilled  the  blood- 
pressure  would  be  greatly  raised,  but  registration  of  the  pressure,  by  a  cannula  intro- 
duced into  the  carotid  and  connected  with  a  kymographion,  shows  that  though 
during  the  actual  operation  there  is  a  rise  of  pressure,  yet  it  soon  falls  to  within 
normal  limits.  If  a  quantity  is  injected  more  than  equal  to  the  normal  bulk  of  the 
blood,  then  the  pressure  begins  to  show  remarkable  elevations  and  depressions,  and 
the  animal  usually  dies  in  the  course  of  the  same  day  or  the  next.  Life  is 
immediately  endangered  when  one  and  a  half  times  the  normal  bulk  is  injected. 

When  blood  is  transfused  then  in  large  quantity  it  finds  accommodation  chiefly 
in  the  capillaries  and  veins,  the  arteries  being  relaxed  in  order  to  admit  of  its 
passing  into  these,  and  the  blood-pressure  is  not  raised.  It  appears  that  the 
capillaries  and  veins  of  the  abdominal  organs  form  a  great  reservoir  for  the 
accommodation  of  excessive  blood,  and  that  the  blood  after  transfusion  lodges 
here  chiefly. 

The  excess  of  blood  thus  supplied  to  an  animal  does  not,  however,  remain 
permanently  as  a  part  of  its  organism.  There  seem  to  be  arrangements  in  the  body 
for  disposing  of  it.  Worm  Miiller  endeavoured  to  determine  what  time  it  took  to 
dispose  of  a  large  excess  of  blood.  After  the  transfusion  the  animals  were  starved, 
and  the  blood  and  urine  examined  at  intervals.  It  was  concluded  that  the  fluid  of 
the  blood  is  rapidly  disposed  of,  being  excreted  by  the  urine.  A  few  hours  after 
transfusion  much  of  the  excess  of  liquor  sanguinis  had  already  gone,  and  even 
when  60  to  80  per  cent,  of  the  entire  blood  was  injected,  the  whole  excess  had 
disappeared  in  the  course  of  two  or  three  days.  The  rapid  disposal  of  the  liquor 
sanguinis  leaves  the  blood  corpuscles  greatly  in  excess,  and  the  rate  of  disappear- 
ance was  determined  by  counting  them  by  means  of  Malassez'  method.  If  the 
quantity  transfused  is  small,  the  corpuscles  may  be  disposed  of  in  a  few  days ;  but 
m  the  case  of  large  transfusions  it  may  take  two  or  even  throe  weeks.  In  this  com- 
paratively short  period  of  time,  however,  the  whole  excess  of  blood,  both  plasma 
and  corpuscles  is  removed,  and  we  may  infer  that  there  are  arrangements  in  the 
body  for  the  regulation  of  the  amount  of  blood. 

These  experiments  all  refer  to  the  transfusion  of  defibriuated  blood.    If  blood  is 
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injected  when  just  about  to  coagulate,  or  if  when  it  has  just  begun  to  coagulate  some 
of  the  serum  is  pressed  out  and  injected,  then  in  some  cases  the  animal  dies  rapidly 
with  symptoms  referrible  to  pulmonary  embolism.  The  blood  in  the  right  side  of 
the  heart  and  pulmonary  artery  is  found  after  death  to  be  coagulated.  The  explana- 
tion of  this  is  that,  at  the  time  of  coagulation  of  the  blood,  the  iibrinoplastic  sub- 
stance and  the  ferment,  which  Schmidt's  observations  have  shown  to  be  so  directly 
concerned  in  coagulation,  are  both  set  free.  It  appears  that  even  a  small  quantity 
of  these  substances  introduced  in  the  free  state  into  the  blood  of  a  living  animal 
induces  coagulation  of  it.  The  importance  of  these  facts  in  regard  to  transfusion 
in  human  beings  will  not  be  overlooked. 

Hitherto  the  transfusion  of  blood  from  an  animal  of  the  same  kind  has  been  re- 
ferred to,  dog's  blood  injected  into  a  dog.  But  when  blood  from  a  diflFerent  species  of 
animal  is  used,  there  are  frequently  symptoms  of  poisoning  developed.  The  mine 
is  blood-coloured,  and  it  contains  albumen  and  tube  casts ;  there  is  vomiting  of 
bloody  material,  diarrhoea,  etc.  It  is  as  if  the  foreign  blood  had  acted  as  a  i^oison, 
and  we  may  inquire  what  is  the  nature  of  the  poison.  The  observations  of  Ponfick 
and  others  have  thrown  considerable  light  on  this  matter.  The  urine  is  blood- 
coloured,  but  microscopic  examination  shows  that  this  is  due,  not  to  the  presence  of 
red  blood  corpuscles,  but  to  that  of  the  colouring  matter  of  the  blood  in  solution. 
It  is  not  a  bloody,  but  a  blood-coloured  urine,  not  a  hasmaturia,  but  a  Haemoglobinuria. 
The  fact  seems  to  be  that  there  is  no  poison  in  the  foreign  blood  plasma,  but  that 
the  corpuscles  are  unable  to  survive  in  the  ahen  blood ;  they  dissolve,  and  their 
hffimoglobin  being  dissolved  in  the  plasma  acts  as  a  poison,  and  is  eliminated  by  the 
kidneys.  It  seems  to  exercise  its  deleterious  influence  chiefly  on  the  kidneys  them- 
selves, the  tube  casts  and  albumen  in  the  urine  being  evidences  of  the  irritation  of 
these  organs.  The  general  symptoms,  in  fact,  are  largely  referrible  to  irritation  of 
the  kidneys. 

If  hffimoglobin  be  introduced  into  the  blood  in  other  ways  it  acts  equally  as  a 
poison.  The  red  corpuscles  of  animals  may  be  destroyed  by  repeatedly  freezing  and 
thawing  the  blood,  and  when  that  has  been  done,  the  blood  of  the  same  kind  of 
animal  will  produce  symijtoms  such  as  those  referred  to. 

It  is  to  be  observed  that  all  animals  are  not  exactly  in  the  same  relation  to  each 
other  in  this  respect.  It  is  found,  for  instance,  that  a  much  smaller  quautity  of 
lamb's  blood  than  of  hen's  blood  produces  hremoglobinuria  in  a  dog.  The  import- 
ance of  these  facts  in  regard  to  transfusion  in  the  human  species  vnll  be  apparent. 

In  this  place  it  may  be  mentioned  that  the  blood  transfused  does  not,  according 
to  Panum,  act  as  food  or  take  its  place.  If  an  animal  is  undergoing  starvation, 
transfusion  does  not  avert  or  delay  the  process  of  inanition,  it  rather  hastens  it  by 
increasing  the  waste.  In  using  transfusion  as  a  means  of  treatment  the  principal 
object  is  to  make  up  the  bulk  of  the  blood,  and  this  can  be  effected  by  the  injection 
of  serum  or  solution  of  common  salt,  with  a  small  proportion  of  alkaline  salt, 
making  the  solution  near  the  specific  gravity  of  the  blood. 

Plethora,  as  a  pathological  condition,  is  not  of  great  importance. 
It  may  be  presumed  that  in  some  persons  the  blood-forming  organs, 
probably  along  with  the  other  structures  of  the  body,  are  unduly  active 
in  their  nutritive  processes.  In  that  case  there  may  be  an  excess  of 
1)lood  in  the  vascular  system,  which  will  manifest  itself  in  an  over- 
fulness  of  the  capillaries  and  veins  throughout  the  body,  but  especially 
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ill  those  of  the  abdominal  viscera.  Persons  of  vigorous  digestion  and 
active  habits  have  often  a  florid  appearance,  as  if  the  vessels,  of  the  skin 
at  least,  were  overfilled.  The  excess  of  blood  is  used,  to  a  considerable 
extent,  in  the  formation  of  fat,  and  we  know  that  the  subcutaneous 
adipose  tissue  and  that  of  the  abdomen  are  often  much  increased.  But 
the  observations  mentioned  above  show  that  any  excess  of  blood  is  dis- 
posed of  with  considerable  rapidity,  and  we  may  infer  that  in  the  human 
subject  a  moderate  tendency  to  plethora  will  be  overcome.  It  will 
develop  when  the  formation  of  blood  keeps  in  advance  of  its  destruction 
by  the  arrangements  provided  for  that  purpose. 

There  may  be  a  certain  amount  of  plethora  resulting  from  the  stop- 
page of  customary  bleedings,  as  from  piles,  excessive  menstruation,  etc., 
and  there  will  be  a  definite  increase  in  the  amount  of  blood  relatively  to 
the  capacity  of  the  vessels  when,  before  amputation  of  a  limb,  its 
vessels  are  emptied  into  the  circidation  by  the  application  of  an  elastic 
bandage. 

We  have  again  an  increase  in  the  total  volume  of  the  blood  in  cases 
where  the  capacity  of  the  vascular  system  is  increased.  This  occurs  in 
many  cases  of  disease  of  the  heart,  where  not  only  the  cavities  of  the 
heart  are  often  greatly  enlarged,  but  the  capillaries  and  veins  in  the 
liver,  kidneys,  etc.,  are  much  dilated.  Some  of  the  symptoms  in  heart 
diseases  may  be  due  to  diflaculty  in  dealing  with  the  increase  of  the 
mass  of  blood. 

In  new-born  children  there  will  frequently  be  a  sudden  increase  of 
the  mass  of  the  blood.  Before  birth  the  foetal  blood  is  divided  between 
the  child  and  the  i^lacenta.  After  the  birth  of  the  child,  if  the  umbilical 
cord  be  not  immediately  ligatured,  the  contraction  of  the  uterus  will 
empty  the  foetal  part  of  the  placenta  into  the  child.  It  has  been  esti- 
mated that  this  will  sometimes  amount  to  100  grammes,  or  equal  to 
one  half  the  previous  bulk  of  the  blood.  A  portion  of  this  blood  will 
be  accommodated  in  the  lungs,  which,  on  their  inflation,  increase  the 
capacity  of  their  vessels,  but  these  will  not  always  take  up  the  whole 
excess.  It  is  asserted  by  some  that  the  common  icterus  of  the  new- 
born (see  Icterus)  is  due  to  the  disposal  of  the  excess  of  red  corpuscles. 

Literature.— Worm  Mulleu,  Transfusion  u.  Plethora,  187.5;  Panum,  Virch. 
Archiv,  vols,  xxvii.,  xxix.,  and  Ixiii. ;  Ponfick,  ibid.  Ixii. ;  Ptidin,  Comptes  Eendus, 
1876;  GoLTz,  Virch.  Archiv,  vol.  xxix;  liitoNECKEii  und  Zandek,  Berl.  Klin. 
Wochensch,  1879,  No.  62 ;  Jennings,  Transfusion  of  blood  and  saline  fluids,  1888. 

GENEEiUj  AN/EMIA.  SPAN^MIA. 

The  term  Anaemia  would  mean  literally  want  of  blood,  but  it  is  used 
in  a  wider  sense  to  indicate  defect  in  any  of  the  essential  constituents 
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of  the  blood.  SpanaBmia,  which  means  poverty  of  blood,  would  more 
strictly  designate  these  conditions,  but  this  term  is  seldom  used. 

As  the  blood  may  be  defective  in  its  various  constituents  different  terms  are  used 
to  indicate  the  character  of  the  defect.  Oligaemia  is  a  defect  in  the  bulk  of  the  blood 
as  a  whole,  such  as  results  from  a  severe  haemorrhage,  and  it  is  virtually  equivalent 
to  Acute  traumatic  anaemia.  Oligocythsemia  is  a  defect  in  the  number  of  the  red  cor- 
puscles. This  condition  is  sometimes  called  Aglobulism.  When  the  red  corpuscles, 
although,  perhaps,  normal  in  number,  are  deficient  in  hasmoglobin,  the  condition  is 
called  Achromatosis.  A  watery  or  dilute  condition  of  the  liquor  sanguinis  is  called 
Hydrsemia.  As  the  essential  constituent  of  the  blood  plasma  is  albumen,  the  term 
Hypalbuminosis  is  used  instead  of  hydrtemia,  especially  in  cases  where  there  is  a 
direct  drain  on  the  albumen. 

Causation. — As  the  conditions  included  are  various,  so  the  causes 
differ  considerably. 

The  most  immediate  cause  of  anaemia  is  direct  loss  of  blood 
either  by  a  single  large  haemorrhage  or  by  successive  small  ones.  A 
continuous  anaemia  may  be  kept  up  by  bleeding  piles,  excessive 
menstruation,  etc. 

An  occasional  cause  of  anaemia  is  the  destruction  of  the  red  cor- 
puscles in  the  blood.  It  is  mentioned  above  that  the  transfusion  of 
alien  blood  leads  to  the  solution  of  the  corpuscles  and  a  .^SBmoglo- 
binuria.  This  condition  may  be  brought  about,  however,  by  the 
solution  of  the  normal  corpuscles.  It  is  so  to  some  extent  in  burns 
which  involve  extensive  tracts  of  skin,  also  in  pyaemia,  in  certain  fevers, 
and,  above  all,  in  Paroxysmal  haemoglohinuria. 

Hsemoglobinuria  (Hcemoglohincvmia). — We  have  already  considered  at  "p.  94  the 
mode  of  occurrence  of  haamoglobinuria  when  alien  blood  is  transfused.  It  has 
been  also  produced  artificially  by  the  injection  of  distilled  water,  of  bihary  acids 
and  diluted  glycerine.  Extensive  burns  of  the  skin,  by  destroying  the  vitaUtj" 
of  the  corpuscles  in  the  vessels  exposed  to  the  high  temjDerature,  induce  their 
ultimate  solution.  Certain  poisons  also  partially  dissolve  the  corpuscles,  esjDecially 
arsenic  and  arseniuretted  hydrogen  and  nitric  acid.  It  occurs  in  pyfemia,  and 
occasionally  in  the  specific  fevers,  such  as  tyj^hus  and  typhoid  fever.  It  occurs 
also  in  new-born  children.    (See  under  Icterus.) 

Paroxysmal  hsemoglobinuria  is  a  condition  in  which  the  red  corpuscles  are  j)eculiarly 
susceptible  of  solution,  which  is  induced  by  slight  causes.  The  commonest  cause  is 
exposure  to  cold,  but  a  ease  is  recorded  in  which  it  always  occurred  in  a  soldier  after 
a  long  march.  As  exposure  of  the  surface  to  cold  is  the  usual  cause,  the  affection 
occurs  mostly  in  winter,  but  Eosenbach  i^roduced  it  in  summer  by  a  cold  foot  bath. 
The  hsemoglobin  is  set  free  by  the  solution  of  the  corpuscles.  Ehrlich,  in  a  ease  of 
this  kind,  put  an  elastic  ligature  round  the  finger  and  immersed  the  latter  in  ice-cold 
water.  A  drop  of  blood  from  the  finger  showed  the  cor23uscles  in  various  stages  of 
decolorization,  and  also  altered  in  size  and  shape  (microcytes  and  poikilocj'tes). 
The  urine  in  haamoglobinuria  gives  a  precipitate  on  heating  like  that  of  albumen, 
but  this  is  htcmoglobin.  The  haemoglobin  is  found  in  the  urine  in  the  form  of  little 
beads,  often  in  rows,  and  sometimes  forming  casts  of  the  tubules. 
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The  free  hromoglobin  may  stain  the  tissues,  but  this  does  not  usually  occur  unless 
the  hemoglobin  is  transformed  into  htematoidin.  The  so-called  htematogenous 
icterus,  observed  in  pyremia  and  other  conditions,  has  this  origin.  (See  under  Icterus.) 
Eeckhnghausen  found  crystals  of  ha'niatoidin  in  the  blood  in  a  case  in  which  lamb's 
blood  had  been  used  for  transfusion. 

There  is  also  sometimes  a  destruction  of  red  corpuscles  in  ague,  but 
the  colouring  matter  here  is  not  in  solution  but  in  solid  granules,  con- 
stituting the  condition  of  melansemia.  (See  under  Pigmentary  Infil- 
tration.) 

In  contradistinction  to  these  cases  of  direct  loss  or  destruction  of  the 
blood,  we  have  cases  in  which  the  cause  is  very  obscure,  and  which  are 
designated  by  the  term  Spontaneous  anaemia.  In  one  of  these, 
chlorosis,  some  have  asserted  that  the  organs  of  generation  are  defective 
hut  Virchow  has  found  in  some  cases  structural  lesions  of  the  vascular 
system  (see  below).  In  another,  namely  essential  antemia  or  pernicious 
ansemia,  we  have  no  doubt  several  different  conditions  grouped  together, 
of  which  the  causation  is  obscure,  although,  according  to  Hunter  and 
others,  there  is  in  this  disease  a  destruction  of  red  corpuscles  chiefly  in 
the  portal  vessels,  probably  induced  by  a  poison  absorbed  from  the 
intestinal  canal. 

Secondary  anaemias  are  those  which  depend  on  ~  some  defect  in  the 
general  conditions  of  Hfe  or  on  some  grave  disease  which  either  causes 
a  waste  in  the  constituents  of  the  blood,  or,  by  lowering  the  nutrition 
as  a  whole,  leads  to  defect  in  the  blood. 

Character  of  the  lesions.— From  what  has  gone  before  it  will  be 
apparent  that  in  the  different  forms  of  anaemia  the  state  of  the  blood 
will  vary  considerably,  and  it  will  be  proper  to  refer  to  each  individu- 
ally. The  condition  of  the  red  corpuscles  is  the  most  important  point. 
Their  numbers  may  be  estimated  by  one  of  the  forms  of  Hemacyto- 
meter founded  on  the  method  of  Malassez,  and  the  amount  of  their 
haemoglobin  may  be  determined  by  the  Hajmoglobinometer,  in  which 
the  depth  of  colour  is  compared  with  a  standard  solution. 

In  Anaemias  due  to  haemorrhage,  or  in  those  in  which  a  direct 
destruction  of  the  red  corpuscles  has  occurred,  the  number  of  the 
corpuscles  is  reduced,  and  the  plasma  is  watery. 

Immediately  after  a  severe  hfrmiorrhage  we  have  an  actual  Ollgajmia,  but  this 
'Simple  reduction  in  the  bulk  of  the  blood  docs  not  long  remain,  as  various  processes 
«n8ue  which  modify  the  condition  of  the  blood.  In  the  first  place,  the  bulk  of  the 
"00(1  IS  rapidly  made  up  by  absolution  from  the  tissues  and  alimentary  canal,  and 
•y  <  iminution  of  the  excretion  of  water  by  the  kidneys.  The  result  will  be  that, 
nue  the  bulk  of  the  blood  is  made  up,  the  plasma  is  watery  and  the  red  cor- 
1^  •scies  deficient,  a  condition  of  Oligocythemia  and  Hydremia.   In  the  blood,  soon 

ei  a  hemorrhage,  there  is  a  certain  proportional  excess  of  white  corpuscles,  a 
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Leuoocytosis.  This  arises  partly  from  the  fact  that  the  leucocytes,  being  more  ad- 
hesive than  the  red  corpuscles,  do  not  escape  so  readily  as  these,  and  also  because 
the  leucocytes  are  more  rapidly  renewed  than  the  red  corpuscles. 

If  there  has  been  a  single  hjemorrhage  the  blood  is  gradually,  although 
slowly,  restored.  The  plasma  comparatively  soon  recovers  its  due  con- 
centration, but  the  red  corpuscles  are  very  slowly  replenished,  and  it 
may  be  weeks  or  months  before  their  numbers  are  made  up.  The  con- 
dition of  the  blood  itself  will  interfere  with  the  activity  of  the  blood 
forming  as  well  as  other  organs.  Where  there  are  repeated,  although 
small,  haemorrhages,  a  more  or  less  permanent  hydrsemia  and  oligocy- 
thsemia  result. 

Pernicious  anaemia,  or  essential  anaemia,  is  a  condition  in  which, 
without  apparent  cause,  the  blood  becomes  progressively  deteriorated. 
In  some  cases  which  have  diiring  life  presented  the  features  of  this 
disease,  post-mortem  examination  has  revealed  organic  disease  of  the 
intestinal  canal,  such  as  a  deep-seated  cancerous  tumour,  or  (according 
to  Nothnagel  and  Fenwick)  an  induration  of  the  stomach  with  atrophy 
of  the  gastric  glands.  There  remains  a  considerable  number  of  cases  in 
which  the  cause  is  quite  obscure,  the  blood  becoming  progressively 
more  defective  in  red  corpuscles,  till  a  fatal  issue  results. 

The  observations  of  Quincke,  Peters,  Eussell,  and  others,  which  have  been  con- 
firmed and  elaborated  by  Hunter,  show  that  in  pernicious  amemia  there  is  a  great 
excess  of  pigment,  containing  iron,  in  the  Uver.  The  iron  is  demonstrable  by  micro- 
chemical  tests,  sulphide  of  ammonium  giving  a  dark  colour,  and  ferroeyanide  of 
potassium,  with  dilute  hydrochloric  acid,  a  beautiful  blue  (see  Hunter).  The  pig- 
ment is  iDresent  chiefly  in  the  outer  two  thirds  of  the  hepatic  lobules,  and  is  con- 
tained in  the  hepatic  cells.  The  cells  in  the  central  jjarts  of  the  lobules  usually 
show  fatty  degeneration.  A  similar  jpigment  is  sometimes  present  in  the  kidney, 
where  it  is  mostly  in  the  epithelium  of  the  convoluted  tubules.  The  bone-marrow 
also  contains  an  excess  of  pigment  in  which  iron  is  present.  On  the  other  hand,  the  • 
spleen  does  not  contain  an  excess  of  iron,  although  usually  enlarged. 

Prom  these  observations  Hunter  infers  that  in  pernicious  ananuia  there  is  a  great  ■ 
destruction  of  red  corpuscles  mainly  in  the  blood  of  the  portal  circulation,  the  hfemo- 
globin  not  passing  unchanged  into  the  urine  as  in  hif  moglobinuria,  but  being  caught  : 
and  stored,  in  an  altered  form,  in  the  liver.  He  has  found  that  a  poison,  toluylen-  • 
diamin,  when  injected  into  the  blood  of  animals,  induces  a  similar  destruction  of  red  I 
corpuscles  in  the  portal  circulation  and  a  similar  accumulation  of  iron  in  the  liver.  . 
In  these  experiments  also  there  was  no  hemoglobinuria,  this  being  accounted  for  t 
partly  by  the  fact  that  the  destruction  of  corpuscles  takes  place  mainly  in  the  port^  I 
circulation,  and  partly  by  the  inference  that  the  hremoglobin  is  altered  by  the  poison.  ■ 
On  the  analogy  of  this  poison,  it  is  inferred  that  iiernicious  anwmia  is  due  to  a  i 
poison  absorbed  from  the  intestine.  The  occasional  co-existence  of  cancer  of  the  i 
intestine,  or  atrophy  of  the  intestinal  glands,  agrees  with  this  view,  as  these  lesions  ( 
may  facilitate  the  absoqition  of  the  poison.  The  frequent  co-existence  of  gastro-  ■ 
intestinal  symptoms  is  also  in  accordance  with  this  view. 
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Fig.  13.— Blood  iu  Pernicious  Anajmia.  The 
larger  bodies  are  the  normal  rod  corpuscles. 
The  smaller  are  the  round  more  deeply  col- 
oured ones  usually  found— so  called  Micro- 
cytes.  (Bichhobst.) 


In  this  disease  there  is  a  marked  deficiency  in  number  in  the  red 
corpuscles  ;  they  have  been  found  to  number  as  few  as  500,000,  instead 
of  5,000,000  in  the  cubic  millimetre.  Although  deficient  in  number, 
they  are  not  usually  defective  in  haemoglobin.  Besides  this  the  red 
corpuscles  present  varieties  in  size  and  shape.  In  most  cases  there  are 
to  be  detected  in  the  blood  during  life,  small,  globular,  deeply-coloured 
red  corpuscles,  Avhich  are  evidently 


altered  red  corpuscles.  These  have 
been  named  Microcytes.  (See  Fig. 
13.)  There  have  also  been  observed 
red  corpuscles  of  various  forms 
{Poildlocytes).  Nucleated  red  cor- 
puscles are  also  occasionally  present. 

An  almost  constant  concomitant 
of  this  disease  is  an  altern  tinn  nf  tbf. 
hone-marrow.  In  the  long  bones  we 
have  instead  of  the  yellow  adipose 
tissue,  a  semi-fluid  red  marrow,  occupying  the  medullary  cavity  of  the 
shaft.  Under  the  microscope  the  normal  adipose  tissue  is  seen  to  be 
replaced  by  large  granular  cells,  not  unlike  epithelial  cells  (&  in  Fig.  14), 
along  with  which  nucleated  red  corpuscles 
are  present,  as  well  as  red  corpuscles  of 
very  various  sizes. 

This  condition  of  the  bone-marrow  is  by  many 
regarded  as  secondary,  a  similar  condition  being 
present  in  other  forms  of  antemia,  such  as  leiik- 
ffimia.  In  leukasmia,  however,  the  bone-marrow 
resembles  lymphatic  gland  tissue,  while  here  the 
cells  are  large  and  granular,  not  at  all  like  lymph- 
corpuscles.    There  is  not  as  some  assert,  merely 

or,   „   41,     J.  1        ,    .  1  , .  .  curpusuies.   c,  A  rea  corpuscle  with 

an  ovei-giowth  of  lymphoid  tissue,  as  m  leuk-    granular  nucleus.    6,  Large  nucleated 

«mia,  but  a  fundamental  alteration  of  the  bone-  min'ow.''"'"^  ^^''^  ^'^'^  ''"'"■"'^ 

marrow  whether  primary  or  secondary. 

The  condition  of  the  spleen  varies  considerably ;  sometimes  it  is  en- 
larged, it  may  be  greatly  so,  sometimes  it  is  scarcely  at  all  altered.  There 
maybe  also  in  it  variously  altered  red  corpuscles,  as  in  the  bone-marrow. 
In  sqrae  cases  the  lymphatic  glands  are  enlarged. 

Chlorosis  is  a  form  of  anaemia  which  occurs  in  females  usually  about 
the  time  of  puberty.  The  condition  here  is  rather  that  of  deficiency  of 
hemoglobin  than  of  corpuscles,  as  the  latter,  although  usually  deficient 
in  number,  may  not  be  so.  The  achromatosis  may  be  such  as  to 
indicate  that  the  hemoglobin  is  reduced  to  a  half  or  a,  fourth  of  the 
normal.    The  rapid  recovery  of  cases  of  chlorosis  under  treatment  with 


Fig.  14.  -From  Red  Medulla  of  bone 
in  Pernicious  Anajmia.  o,  Nucleated 
red  corpuscles,   c,  A  red  corpuscle  with 
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iron  is  consistent  with  the  fact  that  it  is  not  so  much  replenishment  of 
red  corpuscles  as  of  hfiemoglobin  that  is  needed. 

The  occurrence  of  chlorosis  at  puberty  has  suggested  as  its  cause  some  defect  in 
the  sexual  organs,  and  there  are  cases  in  which  the  uterus  or  ovaries  have  been 
imperfect  (Rokitansky).  But  in  the  majority  of  cases  this  is  not  so,  and  it  is  more 
probable  that  the  changes  at  puberty  develop  the  condition  by  throwing  an  extra 
strain  on  the  blood-forming  organs.  Virchow  has  observed  in  cases  of  chlorosis 
certain  congenital  defects  in  the  vascular  apparatus,  the  chief  of  which  are  naiTOW- 
ness  and  thinness  of  the  aorta,  irregularity  in  the  origin  of  the  branches  from  the 
aorta  and  smallness  of  the  heart.  The  narrowiess  of  the  aorta  may  lead  to  com- 
pensatory hypertrophy  of  the  heart  in  the  same  way  as  a  narrowness  of  the  aortic 
orifice.  These  lesions  do  not  explain  the  chlorosis,  but  they  suggest  the  existence  ot 
a  congenital  defect  in  the  vascular  system  which  may  extend  to  the  blood-forming 
organs,  and  may  cause  them  to  give  way  to  the  strain  of  pubei'ty. 

Secondary  anaemias  are  generally  due  to  grave  exhausting  diseases, 
such  as  phthisis  pulmonalis,  ulcerating  cancers,  Hodgkin's  disease  (which 
is  also  called  anaemia  lymphatica)  leukaemia,  fevers,  albuminuria,  etc. 
Malaria  without  manifesting  an  actual  melansemia  often  leads  to.  anaemia. 

The  condition  of  the  blood  in  secondary  anaemia  is  usually  that  of 
hydraemia  or  hypalbuminosis  with  oligocythaemia  ;  the  blood  is  watery 
and  deficient  in  red  corpuscles,  but  the  corpuscles  remaining  are  gen- 
erally of  normal  colour. 

Secondary  organic  changes  in  general  anaemias. — The  altered  condi- 
tion of.  the  blood  commonly  induces  secondary  changes,  which  are  not 
peculiar  to  any  form  of  anaemia  but  are  liable  to  be  more  pronounced 
the  greater  the  degree  and  the  longer  the  duration  of  the  disease.  The 
condition  of  the  blood  interferes  with  nutrition  and  function,  and  the 
most  definite  changes  are  degenerative,  and  more  jjarticularly  fatty 
degeneration.  This  manifests  itself  chiefly  in  the  heart,  but  it  also 
occurs  in  the  walls  of  the  blood-vessels.  In  chlorosis  and  other  anajmias 
a  yellow  figuring  of  the  intima  of  the  aorta  due  to  fiittj-  degeneration 
is  frequently  observed.  There  may  also  be  fatty  degeneration  of  the 
epithelium  of  the  kidneys  (frequent  in  phthisis  pulmonalis)  and  of  the 
hepatic  cells  in  the  liver.  There  is  also  in  some  cases  the  change  in  the 
bone-marrow  already  referred  to. 

Experiments  on  dogs  show  that  successive  large  hasmorrhages  rapidly  produce 
fatty  degeneration  of  the  muscle  of  the  heart.  The  author  has  met  with  a  case  in 
man  in  which  a  single  very  severe  hromorrhage  had  led  to  a  very  pronounced  fatty 
degeneration  of  the  heart,  having  the  usual  characteristic  naked-eye  appearances  of 
that  condition  (which  see). 

Literature. — Anduaj;,  Essai  d'hematol.  path.,  1843  ;  Wundehlich,  Path.  Phys. 
des  Blutes,  1845 ;  Malassez,  De  la  numeration  des  globules  rouges  du  sang, 
1HT6  •  Hayem,  Gaz.  Med.,  1870 ;  Arch,  de  Phys.,  1887 :  .Tones,  Amer.  .Tour,  of 
Med.  Sc.,  1880;  H/Uijus,  St.  Barth.  Hosp.  Rep.,  vol.  xx.,  1884;  Hoppe-Seyiek, 
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Vhys.  ohemie,  1881;  Gamoee,  Phy.siol.  chemistry,  vol.  i.  H<iimoij/obinnria— 
LicHTHEiM,  Volkmann's  Vortriige,  No.  134  ;  Lesser  (Burns),  Virch.  Arch.  vol.  Ixxix.; 
WixKEL,  Deutsch.  Med.  Wochenschr.,  1879,  No.  24 ;  Wickham  Legg,  St.  Earth. 
Hosp.  Eep.,  vol.  X.  1874;  Forrest  and  Finlayson,  Glas.  Med.  Jour.,  1879;  Ponfick, 
Berl.  Klin.  Woch.,  1883,  No.  25.  Pernicious  Anmmia—WiuKS,  Guy's  Hosp.  Eep., 
1857  ;  Lect.  on  path,  anat.,  1859  ;  IjorEHMAN,  Ziemssen's  Handb. ;  Zenker,  D.  Arch.  f. 
Klin.  Med.,  vol.  xii.;  Eichhokst,  Die  progressive  perniciose  Aniimie,  1878 ;  Bro.ujbent, 
Practitioner,  1875 ;  Cohnheiji,  Virch.  Arch.,  vol.  Ixviii.;  W.\i.dstein,  Virch.  Arch.,  vol. 
xci.;  MussER,  (Pernic.  Amem.  in  America)  Philadelphia  Med.  Times,  1885 ;  Dickinson, 
Path.  Soc.  trans,  vol.  xxix.,  1878  ;  Quincke,  Deutsch.  Arch.  Khn.  Med.  xxv.,  xxvii., 
xxxiii.;  Peters,  ibid.,  1878,  xxxii.;  Hunter,  (literature  fully)  Lancet,  1888,  vol.  ii.;' 
Macivenzie,  ibid.,  1878,  vol.  ii.;  Coupland,  ibid.,  1881,  vol.  i.  C'/i^ro-sis— Becquekel,' 
Gaz.  des  hopit.  1856;  See,  Du  Sang.,  etc.,  1886;  VmcHow,  Ueber  die  Chlorose,  etc., 
1872 ;  WiLLocKs,  Lancet,  1881 ;  Eokitansky,  Lehrb.  d.  path.  Anat.  vol.  ii. 

LEUKAEMIA.    LEUCOCYTH.EMIA. ' 

These  terms  mean  literally  white  blood  and  Avhite-ccll  blood,  and 
they  ex^jress  a  condition  in  which  the  blood  is  light  in  colour,  from  the 
fact  that  the  white  corpuscles  are  in  great  excess.  The  excess  of 
leucocytes  is  expressed  by  the  term  Leucocythajmia,  originally  applied  l)y 
Bennett,  but  now  generaUy  discarded  for  Virchow's  term  Leukc^mia. 

Causation.— This  is  entirely  obscure.  There  have  been  a  few  cases 
in  which  an  injury  to  the  spleen  is  supposed  to  have  been  the  starting- 
point,  while  others  have  been  ascribed  to  syphilis,  rickets,  malaria. 
The  disease  presents  many  featiu-es  which  suggest  analogies  with 
infective  diseases,  and  the  analogy  of  the  tissue  lesions  with  those  in 
Hodgkin's  disease,  which  belongs  to  that  class,  is  consistent  with  this 
view.  Cases  have  been  recorded  in  which  pernicious  anaemia  developed 
into  leukemia  (Waldstein).  The  disease  is  twice,  as  frequent  in  males 
as  in  females.  " 

Character  of  the  morbid  changes.— The  normal  proportion  of  white 
coqMiscles  to  red  in  the  blood  is  stated  as  about  1  in  300  to  1  in  450, 
but  it  may  vary  within  normal  limits.  There  is  after  haemorrhage,  as 
we  have  seen,  a  slight  increase  in  the  proportion  of  white  corpuscles  a, 
leucocytosis,  but  it  is  of  no  special  significance.  There  is  also  an  excess 
ot  white  corpuscles  in  many  infectious  and  infective  diseases,  as  pyaemia, 
erysipelas,  relapsing,  typhoid,  and  intermittent  fevers,  etc.  In  leukismia 
however,  the  relative  proportion  of  white  to  red  corpuscles  is  greatly 
altered.  A  case  is  not  a  very  severe  one  in  which  the  corpuscles  are  as 
1  to  10,  and  they  may  be  as  1  to  2  or  even  equal. 

This  alteration  in  the  proportion  of  white  and  red  corpuscles,  is  not 
he  only  alteration  in  the  blood.     The  white  a,re  more  varied  in  size 
han  normal,  some  larger  and  some  smaller,  and  they  are  sometimes 
more  distinctly  nucleated.    Then  the  red  corpuscles  are  not  onlv 
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proportionately  few  in  nixmber,  but  they  are  absolutely  reduced,  and 
that  to  a  very  high  degree.  Occasionally  nucleated  red  corpuscles  have 
been  found  in  the  blood,  these  corpuscles  being  of  larger  size  than  the 
normal  red  corpuscles.  The  specific  gravity  of  the  blood  is  considerably 
reduced;  it  may  fall  from  1055,  which  is  the  average  normal,  to  1040 
or  1035.  The  blood  has  thus  the  characters  of  anaemia  along  with 
a  great  increase  of  the  white  blood  corpuscles. 

In  leuksemic  blood,  after  death,  there  arc  found  small,  colourless, 
glancing  crystals  of  an  octahedral  shape,  which  are  usually  called 

from  their  discoverer  Charcot's  crystals  (Fig. 
16).  There  are  also  certain  other  abnormal 
chemical  constituents,  chiefly  glutine  and  hypo- 
xanthine. 

With  regard  to  the  probable  explanation  of 
this  peculiar  condition  of  the  blood,  it  must 
always  be  remembei'ed  that  there  is  a  veiy  great 
diminution  in  the  red  corpuscles  as  well  as  a 
ereat  increase  in  the  white.     There  must  be 
either  a  greatly  increased  ne'wformation  of  white 
corpuscles  and  destruction  of  red  ones,  or  a  seri- 
Fig  15  —Charcot's  crystals  ous  interference  with  the  conversion  of  the  white 
':rtZt^r\no7^T^y  into  the  red  corpuscles.    This  latter  is  the  .aew 
^<:^^Jn::}^:'(t^.Sl^  originally  taken  by  Virchow,  and  is  the  more 
^  probable.    There  may  be  an  increased  formation 

of  white  corpuscles,  but  the  diminution  in  the  number  of  the  red  is 
probably  due  to  a  reduced  conversion  of  white  into  red.  In  the 
existing  obscurity  as  to  the  origin  of  the  red  corpuscles,  this  statement 
cannot  be  made  unequivocally.  The  nucleated  red  corpuscles  have 
been  regarded  by  some  as  transition  forms,  their  presence  indicating  a 
delay  in  the  conversion. 

The  blood  in  persons  aff'ected  with  this  disease  is  unduly  pale,  but 
it  has  not  a  watery  appearance.  It  is  even  a  thicker  fluid  than  usual 
and  distinctly  more  opaque,  resembling  a  mixture  of  pus  and  blood. 

Tissue  changes  in  leukaemia. — The  changes  in  the  blood  are 
associated  with  lesions  in  the  tissues,  some  of  which  are  generally 
regarded  as  primary,  and  some  as  secondary,  although  authors  are  not 
wanting  who  regard  all  the  tissue  changes  as  secondary  to  those  in  the 
Ijlood.  The  primary  changes  aft'ect  the  organs  which  are  generally 
believed  to  have  to  do  with  the  formation  of  the  blood  corpuscles, 
namely,  the  spleen,  the  lymphatic  glands,  and  the  bone-marrow. 
Attempts  have  been  made  to  divide  the  cases,  according  as  the  lesions 
have  been  chiefly  in  one  or  other  of  these  organs,  into  a  splenic,  a 
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lymphatic,  and  a  myelogenic  form,  but  this  division  can  hardly  be 
carried  out,  especially  as  the  bone-marrow  seems  to  be  affected  in 
nearly  all  cases. 

The  Spleen  is  affected  in  most  cases,  and  when  affected  it  is  in  all 
stages  enlarged.  The  enlargement  in  the  earliest  period  appears  to  be 
due  to  an  active  congestion,  and  is  accordingly  of  rapid  development. 
Eindfleisch  mentions  a  case  which  he  saw  at  Virchow's  demonstrations 
in  which  the  enlargement  had  been  so  rapid  as  to  cause  a  rupture  of 
the  capsule  of  the  spleen.  This  enlargement  is  merely  from  overfilling 
of  the  vessels,  but  it  is  succeeded  by,  or  develops  into,  a  solid  enlarge- 
ment. The  Malpighian  bodies  of  the  spleen  have  the  structure  of 
lymphatic  follicles,  and  it  is  mainly  by  the  enlargement  of  these  that 
the  permanent  solid  enlargement  occiu-s,  a  great  increase,  therefore,  of 
lymphoid  tissue.  The  spleen  thus  becomes  converted  into  a  hard,  dense, 
bulky  organ,  sometimes  like  a  piece  of  wood.  It  is  also  paler  than 
normal,  and  we  can  often  see  the  enlarged  Malpighian  bodies  as 
whiter  areas  on  the  cut  surface.  In  addition,  there  are  frequently 
hc-emorrhages  in  the  spleen,  and  these  may  take  the  form  of  the 
regular  wedge-shaped  infarction.  The  capsule  of  the  spleen  is  greatly 
thickened,  and  there  are  not  infrequently  dense  localized  thickenings  of 
a  cartilaginous  consistence.  The  capsule  is  often  firmly  adherent  to 
the  diaphragm  and  other  neighbouring  structures.  The  greatly  enlarged, 
dense,  and  heavy  organ  is  frequently  dislocated  downwards  by  its 
own  weight. 

In  the  Medulla  of  bone  the  changes  are  very  similar.    There  is  a 
great  newformation  of  round-cell  tissue  which  occurs  at  the  expense  of 
the  adipose  tissue  and  also  of  the  bone.    This  ^ 
new  tissue  consists  mainly  of  cells  as  larg*e  as   ^         ^  § 
white  blood-corpuscles,  and  has  the  structure 
of  lymphatic  tissue,  showing  the  reticulum  and  ^p^©©/ 
round  cells  as  in  Fig.  16.    Sometimes  there  are  p_ 
larger  cells  than  these,  and  there  may  be  also  -^W<^_ 
nucleated  red  corpuscles.    There  is  thus  a  great  (^-^(^^^^^W/ 
newformation  in  the  medulla  and  that  mainly  ,7)  ^f^^  (^^^^ 
of  lymphatic  tissue.   As  the  medulla  of  bone,  '^J^^^^^^&S^ 
especially  the  red  medulla  of  spongy  bone,  nor-  k 
mally  contains  lymphatic  tissue,  the  change  in 
leukremia  may  be  regarded  as  a  hypertrophy  lo^^^^^t^i^^l^'!:! 
of  this,  and  the  amount  of  hypertrophy  is  ^^^l^J^^^J^^'^iJ;^^ 
sometimes  very  great.    Thus  the  whole  yellow   "^""^ '^''^^i'"""-  x  sr.o. 
marrow  of  the  hollow  shaft  of  the  femur  may  be  replaced  by 
lymphatic  tissue.     The  cavity  of  the  shaft  may  also  be  widened  at 
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the  expense  of  the  bone,  and  many  smaller  trabecula;  here  and  in 
the  spongy  bone  may  be  destroyed.  In  this  respect  as  well  as 
in  intimate  structure  the  leukaemic  bone-marrow  differs  from  the 
red  marrow  of  pernicious  anaemia,  as  the  latter  does  not  cause  a 
proper  atrophy  of  the  bony  tissue.  The  occurrence  of  hajmorrhages 
or  even  infarctions  has  been  observed  in  the  bone-marrow  just 
as  in  the  spleen. 

The  appearance  of  the  medulla  is,  of  course,  greatly  altered.  It  has 
generally  a  greyish  red  colour  without  any  of  the  normal  greasy  appear- 
ance, but  it  may  be  pale  so  as  to  look  like  solidified  pus,  or  dark  red, 
these  differences  depending  on  the  degree  of  the  newformation  and  the 
state  of  fulness  of  the  vessels.  It  has,  however,  the  chai'acter  of  a 
tolerably  solid  tissue,  not  a  semi-fluid  material  as  in  ansemias.  These 
changes  may  occur  in  all  the  bones  in  the  body,  and  in  both  spongy  and 
hollow  bones,  the  affection  being,  however,  variously  distributed. 

The  lesion  in  the  Lymphatic  glands  consists  in  an  enlargement 
of  them.  This  begins  mostly  in  a  particular  set  of  glands  usually 
situated  externally,  as  in  the  axilla,  groin,  neck,  etc.,  and  spreads  to 
other  sets,  generally  first  to  those  nearest.  The  enlarged  glands  may 
be  three,  five,  or  even  ten  times  their  normal  size,  but  there  is  no 
tendency  to  any  degeneration  of  their  tissue. 

It  will  be  observed  that  in  all  these  primary  lesions  there  is  a  new- 
formation,  or  a  hyperplasia  of  existing  lymphatic  tissue.  In  the 
Secondary  lesions  there  is  sometimes  also  a  newformation  of  lymphatic 
tissue,  partaking  more  of  the  characters  of  tumour-formation,  as  it  may 
occur  in  places  where  there  is  normally  no  such  tissue  present,  in  which 
case  the  term  lymphoma  is  sometimes  applied  to  the  newformation. 
More  frequently,  hoAvever,  there  is  merely  an  infiltration  of  the  con- 
nective tissue  of  organs  with  leucocytes.  These  may  have  been  derived 
from,  the  blood,  but  they  appear  to  multiply  in  situ  as  Bizzozero  has 
observed  evidences  of  division  (karyokinesis)  in  the  cells. 

The  Liver  is  nearly  always  enlarged,  and  its  connective  tissue  is 
occupied  by  myriads  of  collections  of  round  cells.  These  are  often 
in  the  form  of  a  general  infiltration  of  the  capsule  of  Glisson,  attaining 
to  greater  intensity  at  certain  points,  but  it  may  be  in  such  definitely 
localized  areas  as  to  suggest  minute  tumours.  The  collections  of  cells 
resemble,  on  the  one  hand,  miliary  tubercles,  and,  on  the  other,  inflam- 
matory infiltrations  (as  in  cirrhosis),  but  they  differ  from  the  former  in 
respect  that  they  have  no  tendency  to  degeneration,  and  from  the  lattei- 
in  that  they  do  not  form  connective  tissue. 

The  Kidneys  are  not  infrequently  affected,  and  here  the  appearance 
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to  the  naked  eye  is  often  as  if  the  organs  were  greatly  enlarged 
by  the  presence  of  large  pale  tumours  in  the  cortical  substance.  On 
microscopic  examination  the  lesion  is  seen  to  consist  in  an  enormous 
infiltration  of  the  stroma  of  the  kidney  with  round  cells,  the  proper 
secreting  tissue  remaining,  but,  of  course,  greatly  pressed  on.  This 
>^ infiltration  occurs  in  definite  areas,  as  if  some  agent  had  addressed  itself 
to  certain  defined  portions  of  the  organ. 

The  Closed  follicles  of  the  intestines,  both  the  solitary  ones  and 
those  aggregated  in  Peyer's  patches,  may  be  enlarged,  and  as  they  are 
of  lymphatic  structure,  their  enlargement  is  a  simple  hyperplasia.  This 
is  not  of  frequent  occurrence,  and  still  less  frequent  is  the  formation  of 
leuktemic  tumours  in  the  skin,  these  tumours  4Consisting  of  infiltrations 
of  round  cells. 

The  connective  tissue  in  other  regions  may  also  be  infiltrated.  The 
author  met  with  a  case  in  which  the  connective  tissue  of  the  mediastinum 
was  enormously  infiltrated,  so  that  the  tissue  formed  a  bulky  tumour. 
The  infiltration  extended  to  the  pericardium  much  in  the  fashion  of 
Hodgkin's  disease. 

It  is  proper  here  to  mention  that  in  Hodgkin's  disease  the  organic 
lesions  somewhat  resemble  those  of  leuktemia,  but  without  the  increase 
of  white  blood  corpuscles,  the  blood  being  simply  ansemic.  There  is 
great  enlargement  of  the  spleen  and  of  the  lymphatic  glands,  consisting 
as  in  leukaemia  in  a  newformation  of  lymphatic  tissue. 

Literature.— ViRCHow,  Froriep's  Notizen,  1845,  Gesam.  Abhandl.  p.  190 ;  Bennett, 
Eel.  Monthly  Journal,  1850-51,  and  Leucoc.ytha3mia,  1852;  Trousseau,  Gaz.  des 
top.,  1858;  MosLBE,  Die  Path.  d.  Leukamie,  1872,  and  Virch.  Arch.,  vol.  Ixxv; 
Neumann,  Myelogene  Leukamie;  Berl.  Klin.  Wochenschr,  1878,  No.  6;  W.vidstein! 
Vu-ch.  Aroh.,  vol.  xci. ;  Bieslujecki,  Wien  Med.  -Jahrb.,  1876,  p.  234;  Ponfick, 
Virch.  Arch.,  vol.  Ixvii ;  Bizzozero,  Virch.  Arch.,  vol.  xcix.  Zenker,  Arch.  f.  Klin. 
Med.  xviii. 

Abnormal  Constituents  in  the  Blood. 

We  include  here  conditions  in  which,  with  or  without  alterations  in 
the  corpuscles  or  blood  plasma,  substances  are  j^resent  in  the  blood  other 
than  its  normal  constituents.  These  substances  are  either  suspended  or 
dissolved  in  the  plasma. 

1.  Melanaemia.— By  this  name  is  meant,  literally,  black  blood.  It  is 
used  to  designate  a  condition  in  which  pigment  occurs  abnormally  in  the 
blood  and  is  deposited  in  the  tissues.  The  pigment  is  in  the  form  of 
solid  granules,  and,  although  black  in  colour,  it  is  derived  from  the  blood 
pigment,  and  contains  iron.  It  is  met  with  in  cases  of  malarial  fever, 
but  not  in  every  case,  as  a  rule  only  in  the  more  severe  forms.  The 
view  usually  entertained  is  that  during  the  acute  paroxysm  of  an  ague, 
blood-corpuscles  are  destroyed  in  the  spleen,  and  their  pigment  is  set 
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Fig.  17. — White  blood-corpuscles  of  the  frog, 
containing  granules  of  vermilion,  and  showing 
amojboid  movement.    (After  Klein.) 


free  in  the  granular  form.  Lately,  Arnstein  has  brought  forward  the  view 
that  the  destruction  of  the  blood-corpuscles  occurs  not  in  the  spleen, 
])ut  in  the  blood  generally.  Whether  the  spleen  be  the  seat  of  its 
formation  or  not,  the  pigment  is  certainly  stored  up  there  for  years, 
und  may  pa.ss  into  the  blood  by  degrees,  although  it  is  more  abundant 
immediately  after  the  acute  paroxysm. 

When  the  pigment  gets  into  the  blood  it  is  rapidly  taken  up  by  the 
white  blood-corpuscles,  so  that  these  a^^pear  in  the  blood  as  ijigmented 

cells.  These  pigmented  cells  are 
often  larger  than  normal  white  cor- 
puscles, being  enlarged  by  their  ab- 
normal contents.  It  mil  thus  be 
seen  that  very  little  free  pigment 
will  be  present  in  the  blood  except 
immediately  after  the  acute  parox- 
ysm, the  white  corpuscles  picking 
up  the  solid  granules  just  as  they 
do  when  a  solid  pigment,  such  as 
vermilion,  is  artificiallj^  introduced 
into  the  blood  of  an  animal  (see  Fig. 
17).  The  white  corpuscles  containing  the  pigment  accumulate  in  certain 
organs,  especially  the  spleen,  liver,  and  bone-marrow.  In  the  spleen 
and  bone-marrow  the  pigmented  cells  appear  to  leave  the  capillaries 
readily,  and  pass  into  the  tissues,  producing  an  actual  pigmentation  of 
them,  but  in  the  liver  they  linger  longer  in  the  capillaries,  which  may 
l)e  seen  with  many  such  corpuscles  in  them  (see  Fig.  18),  although  here 

also  the  latter  may  pass  out 
into  the  surroundina;  tissue.  In 
A^ery  severe  cases,  other  organs 
and  tissues  may  be  pigmented 
in  this  way.  The  brain  is  very 
often  pigmented,  especially  in 
cases  where  there  has  been  much 
cerebral  excitement.  This  Avill 
be  in  very  aciite  cases,  but  it 
is  doubtful  whether  the  pig- 
ment has  much  to  do  with  the 
cerebral  symptoms,  which  may 

k  piginent  granules  are  seen  between  the  hepatic  DG  merclj' a  COnSCqUeilCe  01  the 
,  being  really  in  the  capillaries,    x  7.0.  ,       ,  ,     t        mi     t  •  i 

acute  attack.  I  he  kidneys  are 
sometimes  the  seat  of  it  as  well  as  other  tissues,  such  as  pancreas, 
intestine,  etc. 


Fig.  18, 
black 
cells 


-A  lobule  of  t,ho  liver  in  nielanicmia. 
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This  abnormal  pigmentation  of  course  ^jroduces  changes  in  the  colour 
of  the  organs  affected .  The  sj^leen  is  slaty-grey  or  almost  black,  the 
liver  is  steel-grey  or  blackish,  the  grey  substance  of  the  brain  is  of  a 
(lark  chocolate  or  graphite  coloiu',  and  the  kidneys  present  greyish  spots. 

Literature. — Arnstein,  Virch.  Arch.,  vol.  Ixi.,  p.  494;  Mosleb,  Virch.  Arch.,  vol, 
Ixix.,  p.  3(i9. 

2.  Lipsemia.  Piarrhaemia. — These  names  designate  a  condition  in 
which  ftxt  is  abnormally  present  in  the  blood. 

There  is  a  certain  quantity  of  free  fat  in  the  blood  normally,  and  after 
a.  meal  it  may  be  somewhat  abundant.  In  liptemia,  however,  there  is 
so  much  fat  present  as  to  give  the  blood  a  peculiar  milky  appearance  to 
the  naked  eye.    Under  the  microscope  the  fat  is  visible  as  fine  fat  drops, 


Fig.  10. — Lung  in  Lipaimia,  tlic  fat  stained  black  with  osniic  acid,    aa,  Fat  in  pul- 
monary artery,  and  Ob,  in  capillaries.   (SAHNnKRS  and  Hamiwon.) 

which  are  free  or  else  enclosed  in  colls.  The  fat  may  be  present  (in 
some  cases  of  diabetes)  in  such  quantity  as  to  alter  the  entire  apjjear- 
ance  of  the  blood.  Thus  the  blood  in  the  vessels  will  present  opaque 
white  [tortious  where  the  fat  has  come  to  the  surface  like  cream.  The 
fat  is  generally  finely  divided,  but  it  may  be  caught  in  the  fine  arteries 
and  capillaries  of  the  hmgs  (see  Fig.  19),  the  brain,  and  the  kidney.   It  is 
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readily  detected  in  the  glomeruli  of  the  kidney,  and  it  may  pass  thence 
into  the  urine,  constituting  a  form  of  chyluria. 

L]pa?mia  has  been  met  with  in  its  most  aggravated  form  in  diabetes, 
but  It  also  occurs  as  a  consequence  of  alcoholism,  in  some  cases  of  dys- 
pnoea, and  in  relapsing  fever.  The  source  of  the  fat  is  obscure.  By 
some  it  is  believed  that  it  is  the  fat  of  the  food  which  is  not  oxidized 
and  so  accumulates,  but  this  is  not  a  probable  explanation.  A  more 
probable  one  is  that  it  arises  by  fatty  degeneration  of  the  endothelium 
of  the  blood-vessels  in  the  spleen  and  elsewhere,  and  perhaps  it  does  so 
in  some  forms  of  lipsemia.  The  enormous  amount  of  fat  found  in  some 
cases  of  diabetes,  however,  precludes  the  idea  that  it  can  be  derived 
from  a  fatty  degeneration  of  the  endothelium.  In  some  such  cases, 
almost  the  entire  blood  has  a  milky  ajjpearance.  The  only  probable 
exi3lanation  of  this  seems  to  be  that  the  sugar  which  is  present  in  the 
blood  in  diabetes  in  large  quantities  has  been  replaced  by  or  converted 
into  fat. 

^  Ponfick  found,  in  casess  of  relapsing  fever,  cells  in  a  complete  state  of  fatty  degenera- 
tion in  the  blood,  especially  in  that  of  the  splenic  and  portal  veins.  These  ceUs 
were  endothelial  cells  of  blood-vessels,  which  in  consequence  of  becoming  fattv 
were  reacUly  separated  and  carried  off  by  the  blood.  The  author  observed  in  a  case 
of  diabetes  with  extreme  Hpsemia  a  very  striking  fatty  degeneration  of  the  endothel- 
ium of  the  splenic  pulp,  so  that  the  organ  as  a  whole  presented  an  opaque  pinkish 
appearance  suggestive  of  salmon  roe.  The  fatty  degeneration  was  observed  in  the 
endotheHum  of  the  capillaries  of  the  liver  and  elsewhere,  but  not  to  such  an  extent 
as  in  the  spleen.  In  another  case  these  conditions  were  present  but  less  marked.  Li 
these  cases,  however,  there  was  no  appearance  in  the  blood  of  free  cells  present- 
ing fatty  degeneration.  Looking  to  the  fact  that  in  kidneys,  spleen,  brain,  Uver. 
lungs,  and  elsewhere,  the  blood  was  occupied  by  very  finely  divided  fat,  the  only 
probable  conclusion  seems  to  be  that  a  constitutent  of  the  Hquor  sangumis  hail 
become  converted  into  fat;  the  only  constituent  capable  of  such  a  conversion  is  the 
grape  sugar. 

Hamilton  and  Saunders  suggested  that  the  coma  which  frequently  marks  the 
fatal  termination  of  diabetes,  may  be  due  to  the  accumulation  of  fat  in  the  blood. 
One  cannot  but  beheve  that  the  lesion  must  have  an  important  effect  on  the  function 
of  the  blood,  but  there  is  sufficient  evidence  to  show  that  diabetic  coma  often  occurs 
independently  of  lipfemia. 

Literature.— Saundebs  and  Hamilton,  Edin.  Med.  Jour.,  July,  1879  ;  Chiustison. 
Edin.  Bled,  and  Surg.  Jour,  vol.  xxxii.,  1830  ;  Huss,  Der  chron.  Alkoholisnius,  1852: 
Lancereaux,  Traitd  d'anat.  path.,  vol  ii.;  Ponfick,  Virch.  Arch.,  vol.  Ix.,  p.  166, 16i1: 
CooTE,  Lancet,  Sept.,  1860.    See  also  under  Diabetes. 

3.  UraBmia  and  Lithsemia.— These  terms  designate  conditions  in  which 
two  constituents  of  the  urine,  namely,  urea  and  uric  acid  or  its  salts,  are 
present  in  excess  in  the  blood.  Ura!mi;i  is  more  a  clinical  than  a  i3atho- 
logical  term,  however,  and  is  used  to  distinguish  a  group  of  symptoms 
whose  relation  to  disease  of  the  kidneys  will  be  considered  further  on. 
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Lithfemia,  or  an  excess  of  uric  acid  or  urates  in  the  blood  is  believed  to 
have  to  do  with  the  causation  of  gout,  in  which  disease  there  is  a  deposi- 
tion of  these  salts  in  the  tissues,  chiefly  of  the  joints  and  Iddneys. 

4.  Diabetes  mellitus. — This  term  properly  designates  an  excessive  flow 
of  urine  containing  sugar,  but  as  the  sugar  passes  into  the  urine  because 
it  is  present  in  the  blood  the  disease  is  really  one  in  Avhich  the  blood 
contains  sugar  in  excess.  The  terms  Melituria  and  Glycosuria  are 
equivalent  in  their  meaning,  but  are  generally  used  to  designate  a  tem- 
porary condition,  generally  symptomatic  of  some  other  disease,  while 
diabetes  is  a  disease  by  itself.  The  term  Glycossemia  is  sometimes 
used  to  designate  the  condition  of  the  blood.  The  substance  thus 
present  abnormallj^  is  grape  sugar  or  glucose. 

The  blood  and  urine  contain  normally  a  small  amount  of  sugar, 
which  is  believed  to  have  its  chief  source  in  the  glycogen  of  the 
Kver.  This  latter  substance  is  formed  by  the  hepatic  cells,  this  being 
regarded  by  many  as  one  of  the  most  important  functions  of  these 
cells.  The  uses  of  glycogen,  which  is  found  in  the  muscles  and  other 
tissues  besides  the  liver,  both  in  the  foetus  and  adult,  are  quite  obscure. 
It  can  scarcely  be  believed  that  its  only  use  is  to  supply  sugar  for  burn- 
ing, and  its  presence  in  muscle  suggests  that  it  may  have  to  do  with  the 
production  of  muscular  force.  It  obviously  subserves  some  important 
function,  whatever  that  may  be.  In  diabetes  the  glycogen  in  the  liver  is 
converted  to  an  abnormal  extent  into  sugar.  The  sugar  being  a  crystal- 
loid while  the  glycogen  is  a  colloid  substance,  the  former  readily  diffuses 
into  the  blood  and  passes  into  the  urine.  But  this  is  not  all.  There  is 
an  excessive  production  of  glycogen  which,  becoming  transformed  into 
sugar,  gives  rise  to  an  excessive  discharge  of  sugar,  which  may  amount 
to  25  ounces  in  the  24  hours. 

The  whole  process  is  probably  traceable  to  the  abnormal  conversion  of 
glycogen  into  sugar.  If  we  believe  that  glycogen  itself  subserves  an 
important  function,  then  this  function  will  suff'er  by  the  conversion  of 
the  glycogen  into  .sugar ;  there  will  be  a  deficiency  of  glycogen.  To 
supply  this  deficiency  the  liver  will  be  stimulated  to  increased  action, 
and  there  will  be  increased  formation  of  glycogen  whose  transformation 
leads  to  excessive  production  of  sugar.  We  may  thus  explain  the  pro- 
gi-essive  nature  of  the  disease  and  the  extraordinary  quantities  of  sugar 
which  are  produced. 

In  the  normal  condition  the  .sugar  in  the  blood  is  at  a  con.stant  minimum,  un- 
affected bj-  the  amount  or  kind  of  food  taken.  In  diabetes  there  is  commonly  a  very 
obvious  relation  between  the  food  taken  and  the  sugar.  There  are  some  diabetics  who 
cease  to  excrete  any  excess  of  sugar  so  long  as  they  abstain  from  starch  or  sugar, 
but  whenever  they  take  any  Buch  food  it  is  mostly  converted  into  grape  sugar  and  so 
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excreted  in  the  urine.  On  the  other  hand,  there  are  diabetics  who  execrete  an  excess 
of  sugar  whatever  the  kind  of  food  they  take,  and  though  the  sugar  may  be  dimin- 
ished by  the  use  of  a  mainly  nitrogenous  diet,  yet  it  cannot  be  thus  made  to  dis- 
appear. In  that  case  it  is  obvious  that  sugar  is  formed  not  only  from  carbo-hydrates, 
but  also  from  the  albuminous  principles  of  the  food.  According  to  Traube,  diabetes 
is  divisible  into  a  slighter  and  a  more  severe  form  according  as  the  sugar  is  fonned 
from  the  carbo-hydrates  alone,  or  from  nitrogenous  principles  as  well,  and  it  is  pro- 
bable that  these  forms  represent  an  earlier  and  a  later  stage  in  the  disease.  Donkin, 
in  view  of  the  relation  of  the  sugar  production  to  the  food,  distinguishes  three 
stages ;  first,  that  in  which  only  the  starch  or  sugar  of  the  food  furnishes  the  grape 
sugar ;  second,  that  in  which  fats  as  well  as  these  are  converted ;  and  third,  that  in 
which  albuminous  as  well  as  starchy  and  oily  foods  undergo  conversion  into  grape 
sugar. 

It  is  obvious  that  in  this  latter  stage  there  is  a  great  Consumption  of  albumen,  and,  in 
the  process  of  formation  of  sugar,  urea  is  formed  as  a  waste  i^roduct  in  the  chemical 
transformation.  We  find,  therefore,  that  the  Urea  is  also  greatly  increased  in  the 
urine,  amounting  sometimes  to  two  or  three  times  the  normal  quantity  in  the 
twenty-four  hours.  In  this  stage  of  the  disease  there  is  no  doubt  that  the  fatty  and 
Albuminous  constituents  of  the  tissues  are  also  used  for  the  formation  of  sugar,  and 
that  the  albuminous  principles  of  the  tissues,  like  the  albumen  of  the  food, 
furnish  sugar  and  urea  which  appear  in  the  urine.  We  may  beheve  that  these 
various  constituents  are  carried  to  the  liver,  there  to  undergo  a  conversion,  fii-st  into 
glycogen  and  then  into  sugar. 

In  the  normal  living  body  the  liver,  aj)parently,  contains  glycogen  and  not  sugar. 
If  the  Uver  of  an  animal  be  cut  out  immediately  after  death  and  wthout  delay 
placed  in  boiling  water  after  being  cut  into  small  pieces,  then  it  wiU  be  chiefly 
glycogen  that  will  be  found,  and  any  sugar  that  exists  has  probably  formed  after 
death  by  the  transformation  of  the  glycogen.  It  is  difficult  indeed  to  avoid  the 
occurrence  of  traces  of  sugar  in  this  experiment,  and  if  the  removal  of  the  liver  be 
delayed  a  large  amount  of  sugar  will  be  found.  These  facts  show  that  glycogen  is 
always  just  ready  to  be  converted  into  sugar ;  its  conversion  is,  as  it  were,  every 
moment  imminent.  During  life  this  conversion  does  not  take  place  to  any  con- 
siderable extent,  and  it  is  even  doubtful  whether  the  small  amount  of  sugar  existing 
normally  in  the  body  is  due  to  a  conversion  of  the  glycogen  in  the  liver,  a  com- 
parison of  the  blood  in  the  hej)atic  vein  with  that  in  the  portal  giving  doubtful 
results. 

The  Experimental  production  of  glycosuria  throws  some  light  on  the  pathology  of 
diabetes.  Book  and  Hoffmann  succeeded  in  the  production  of  an  Artificial  diabetes 
mellitus  by  injecting  into  the  blood  of  rabbits  large  quantities  of  a  watery  solution 
of  common  salt.  The  animals,  soon  after  the  injection  was  made,  began  to  secrete 
a  large  quantity  of  urine,  and  this  urine  soon  became  saccharine.  If  the  injection 
of  salt  solution  was  persisted  in,  the  sugar  by  and  by  diminished  in  the  urine  and 
ultimately  disappeared.  It  was  made  clear  by  examination  that  the  sugar  in  the 
urine  came  from  the  liver  and  was  caused  by  the  conversion  of  the  glycogen  into 
sugar.  In  all  cases  where  the  animal  was  killed  after  the  diabetes  had  passed  off 
the  liver  was  found  free  both  of  the  glycogen  which  exists  normally  and  of  sugar. 
If,  on  the  other  hand,  the  animal  was  killed  while  the  melituria  existed,  then  glyco- 
gen and  sugar  were  both  present  in  the  liver.  The  inference  from  these  observations 
is  perfectly  obvious.  The  abnormal  condition  of  the  blood  causes  the  transformation 
of  the  liver-glycogen  into  sugar,  and  the  latter  being  a  crystalloid  and  readily 
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diffusible,  it  is  at  once  washed  out  of  the  hej)atic  cells  and  passes  into  the  circula- 
tion and  on  into  the  ui'ine.  The  diabetes  ceases  because  all  the  glycogen  in  the 
liver  has  undergone  conversion  into  sugar  and  the  source  of  supply  is  exhausted,  the 
liver  in  these  cases  being  found  free  of  both  glycogen  and  sugar. 

It  may  be  said  that  the  diabetes  thus  produced  is  temporary  and  not  comparable 
with  the  permanent  and  progressive  disease  in  the  human  subject.  But  if  there  is 
a  permanent  cause  leading  to  the  conversion  of  the  glycogen  into  sugar,  then  the 
consequences  of  increased  formation  would  follow  in  due  course.  The  liver  will  be 
stimulated  to  an  ever-increasing  formation  of  glycogen  which  will  immediately  pass 
into  sugar.  We  can  understand  how  in  the  earlier  stages  all  foods  which  are  near 
to  glycogen  in  their  chemical  composition  will  be  at  once  utilized,  and  how  as  the 
disease  goes  on  and  the  demand  becomes  more  m'gent,  the  other  kinds  of  foods  and 
even  the  tissues  of  the  body  will  be  used. 

So  long  therefore  as  the  hepatic  cells  retain  their  activity  we  may  presimie  that 
they  will  react  to  the  hunger  for  glycogen,  and  the  production  of  sugar  will  be  the 
result.  If  the  hepatic  cells  be  destroyed  or  weakened  the  probability  is  that  the 
diabetes  will  diminish,  the  disease  requiring  that  the  hepatic  cells  retain  their 
energy. 

It  is  difficult  to  account  for  the  abnormal  conversion  of  the  glycogen 
into  sugar.  The  experiments  of  Bock  and  Hoffmann  seem  to  indicate 
that  an  alteration  in  the  character  of  the  blood  circulating  in  the  liver 
has  this  effect.  In  other  experiments  in  which  glycosuria  is  produced 
artificially  there  is  also  presumably  an  alteration  in  the  circulation  in 
the  liver.  The  nature  of  the  alteration  may  be  summed  up  in  the 
statement  that  the  blood  reaches  the  hepatic  capillaries  in  a  condition 
approaching  that  of  arterial  blood  instead  of  venous  blood,  as  under 
normal  conditions. 

The  inhalation  of  nitrite  of  amyl  induces  a  temporary  glycosuria.  We  know  that 
this  agent  produces  a  general  vaso-motor  paralysis,  and  a  general  dilatation  of  the 
systemic  arteries.  With  the  other  arteries  those  of  the  abdomen  will  dilate,  and  the 
blood  passing  through  the  capillaries  at  an  increased  rate  will  reach  the  portal  vein 
at  a  higher  pressure  than  normal.  The  circulation  in  the  liver  will  therefore  be 
accelerated  and  the  blood  will  be  less  venous  in  character,  having  passed  rapidly 
through  the  capillaries  of  the  intestines  and  other  organs. 

Bernard  produced  diabetes  by  puncturing  the  medulla  oblongata  in  the  floor  of  the 
fourth  ventricle,  and  we  know  that  in  this  part  of  the  nervous  system  are  situated 
the  principal  vaso-motor  centres  of  the  body.  There  is  therefore  here  also  a 
paralysis  of  the  arteries  just  as  after  the  inhalation  of  nitrite  of  amyl.  Injuries  to 
the  brain,  spinal  cord,  and  sympathetic  sometimes  produce  a  temporary  glycosuria, 
and  they  also  may  cause  vaso-motor  paralysis. 

The  observations  of  Pavy  are  important  in  this  connection.  He  produced  glyco- 
suria by  the  injection  of  defibrinated  arterial  blood  into  the  portal  vein,  and  hero 
again  there  is  an  excessive  supply  of  blood  to  the  liver.  But  then  Pavy  also  pro- 
duced glycosuria  by  ligaturing  the  portal  vein,  and  so  cutting  ofl'  the  blood  supply 
except  through  the  hepatic  artery ;  at  first  this  result  seems  a  very  contradictory 
one. 

The  effect  of  that  experiment  would  be  to  cause  the  liver  to  be  supplied  with 
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arterial  blood  alone,  and  we  may  presume  that  the  hepatic  artery  would  dilate  and 
so  allow  of  an  additional  flow  of  blood.  According  to  the  researches  of  Cohnheim 
and  Litten  the  blood  of  the  hepatic  artery,  after  supplying  the  connective  tissue, 
gall  ducts,  and  walls  of  the  large  blood-vessels,  passes  into  the  inter-lobular  veins 
and  on  into  the  proper  hepatic  capillaries,  so  that  the  blood  of  the  hepatic  artery  is 
finally  distributed  with  that  of  the  portal  vein.  When  the  portal  vein  is  closed,  the 
circulation  in  the  liver  will  be  kept  up,  but  only  by  the  blood  of  the  hepatic  artery. 

From  these  observations  Pavy  concluded  that  the  cause  of  the  glycosuria  when 
the  portal  vein  was  hgatured  was  the  circulation  of  arterial  blood  in  the  liver,  and 
he  proceeded  to  determine  whether  it  was  possible  in  animals  to  produce  diabetes 
by  supersaturating  the  whole  blood  with  oxygen,  so  that  the  blood  in  the  portal  vein 
would  be  virtually  arterial.  He  effected  this  in  various  ways ;  by  causing  the 
animals  to  inhale  oxygen,  or  by  using  artificial  respiration  till  the  fact  that  the 
animals  ceased  to  make  any  spontaneous  respiratory  movements  showed  a  deficiency 
of  carbonic  acid.  In  these  ways  glycosuria  was  produced.  It  would  appear  there- 
fore that  when  diabetes  is  artificially  produced  in  animals,  the  one  essential  con- 
dition is  that  the  liver  should  be  supplied  with  unduly  oxygenated  blood,  such 
blood  causing  the  glycogen  to  be  transformed  into  sugar  in  the  hver  itself. 

Many  endeavours  have  been  made  to  connect  experimental  glj-cosuria 
\vitli  actual  cases  of  diabetes.  The  central  nervous  system  has  been 
scrutinized  with  very  uncertain  results,  and  evidences  have  been  sought 
of  vaso-motor  disturbances  in  the  liver.  It  is  to  be  remembered  that 
the  portal  vein,  having  little  tonicity,  is  scarcely  liable  to  great  varia- 
tions under  dilferent  vaso-motor  impulses.  The  circulation  in  the 
portal  vein  depends  on  that  in  the  coeliac  and  mesenteric  arteries. 
AVhen  thes.e  are  dilated  the  blood  will  pass  more  rapidly  through  the 
capillaries  of  the  organs  which  these  arteries  supply,  and  ^vill  reach  the 
portal  vein  at  a  higher  pressure  and  in  a  condition  more  nearly  ap- 
proaching to  arterial  blood  than  usual.  If  diabetes  be  owing  to  vaso- 
motor disturbances,  therefore,  we  must  look  for  these  in  the  arteries 
and  cajDillaries  of  the  alimentary  canal  rather  than  in  the  liver  itself 

The  most  direct  evidence  of  the  dependence  of  diabetes  on  a  nervous 
lesion  is  afforded  by  the  feet  that  a  considerable  number  of  cases  are 
now  on  record  in  which  diabetes  was  associated  yvith  disease  of  the 
head  of  the  pancreas.  The  immediate  connection  of  the  head  of  the 
pancreas  with  the  coeliac  plexus  and  semilunar  ganglion  at  once  suggests 
the  extension  of  disease  to  the  latter.  Hale  White  asain  has  recorded 
several  cases  of  diabetes  with  disease  of  the  sympathetic,  and  especially 
of  the  semilunar  ganglion.  Pavy  has  also  descrilied  a  case  in  which 
injury  to  the  superior  cervical  ganglion  has  led  to  diabetes. 

The  forms  of  disease  of  the  pancreas  with  whicli  diabetes  has  been  found  asso- 
ciated are — cysts,  formation  of  calculi,  cancer,  atrophy.  In  cases  observed  by  Klebs 
there  was,  along  with  the  atrophy  of  the  pancreas,  a  very  marked  change  in  tlie 
ca3liac  plexus  consisting  of  a  great  destruction  of  ganglion  cells.  It  seems  very 
probable,  considering  the  nearness  of  the  pancreas  to  the  coeliac  plexus,  that  a 
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cancer,  or  a  large  cyst,  or  the  changes  resulting  from  the  formation  of  calculi  in  the 
ducts  of  the  gland,  might  exercise  'pressure  on  the  coeliac  plexus,  and  Klebs  accounts 
for  the  diabetes  in  his  cases  on  the  view  that  there  was  vaso-motor  paralysis  pro- 
duced by  the  destruction  of  the  ganglion  cells  of  this  plexus.  In  one  of  his  cases, 
indeed,  there  was  observed  after  death  an  extraordinary  dilatation  of  the  hepatic 
and  splenic  arteries  and  the  gastric  branches  of  the  coeliac  axis,  the  last  named 
branches  attaining  the  size  of  a  goose  quill  and  presenting  a  highly  convoluted  course. 
These  facts  seem  to  confirm  the  view  that  in  man  diabetes  may  be  produced  by 
paralysis  of  the  arteries  in  the  domain  of  the  coeliac  plexus. 

There  have  been  also  cases  in  which  diabetes  seemed  to  follow  injurj* 
to  the  spinal  cord  or  medulla  oblongata,  but  these  have  been  cases  of 
temporary  glycosuria  comjoarable  to  that  following  Bernard's  diabetic 
puncture.  On  the  other  hand  there  have  been  a  few  instances  of 
softening  of  the  brain  and  intra-cranial  tumours  in  cases  of  diabetes,  but 
these  have  been  too  rare  to  be  regarded  as  of  much  importance  in  the 
pathology  of  diabetes.  For  the  most  part  there  is  little  or  no  alteration 
visible  to  the  naked  eye  in  the  central  nervous  system. 

Eecently  Dickinson  has  described  minute  changes  in  the  central  nervous  system, 
consisting  mainly  in  excavations  aroimd  the  arteries,  produced  apparently  by  exuda- 
tion from  these  vessels  with  disintegration  of  the  brain  substance  around,  but  his 
observations  have  not  been  confirmed,  and  the  changes  are  probably  to  be  regarded 
rather  as  secondary  than  primary. 

In  the  abdominal  organs  themselves,  there  have  been  in  many  oases 
indications  of  congestion  observed.  We  have  already  referred  to  the 
enlargement  of  the  arteries  in  one  of  the  cases  described  by  Klebs. 
The  liver  itself  is  generally  described  as  congested,  and  in  a  few  cases 
there  has  been  thrombosis  of  the  portal  vein. 

The  characteristic  red  tongue  of  advanced  diabetes  has  been  cited  by  Pavy  as 
evidence  of  a  progressive  congestion  of  the  alimentary  canal.  The  congestion  at 
first  is  confined  to  the  abdominal  organs,  but  in  the  later  periods  extends  to  the 
mouth,  the  vaso-motor  paralysis  being  progressive. 

Most  of  the-  known  facts  may  be  held  as  indicating  that  diabetes 
depends  on  the  liver  being  supplied  with  blood  of  an  abnormal  character 
and  at  an  accelerated  rate  of  speed.  The  congestion  of  the  liver  depends 
on  abnormal  nervous  arrangements,  and  these  may  be  local,  affecting 
the  cceliac  plexus,  or  possibly  situated  in  the  central  nervous  system. 

In  regard  to  the  other  changes  in  diabetes  mellitus,  little  has  to  be 
«aid.  The  tissues  appear  to  be  peculiarly  vulnerable ;  wounds  heal 
hadly,  inflammations  arc  generally  very  severe,  often  going  on  to  sup- 
puration and  gangrene,  phthisis  pulmonalis  often  closes  the  scene,  and 

frequently  very  acute.  General  emaciation  is  a  striking  feature  in 
iidvanced  cases.  The  kidneys  may  l)e  found  enlarged  and  their 
epithelium  fixtty,  but  this  has  no  direct  connection  with  the  essential 
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pathology  of  the  affection.  Lipsemia,  as  Ave  have  seen,  sometimes 
occurs,  but  only  in  a  small  percentage  of  cases. 
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SECTION  V. . 
INFLAMMATION. 

Etiology.  Produced  by  ir?-itants,  ivhose  character  is  to  injure  the  twme.t ;  in- 
fluences of  nervous  system,  etc.  ;  mode  of  entrance  of  irritants.  I.  Principal 
PHENOMENA,  exhihiled  in  an  experiment;  (1)  State  of  vessels — (contraction  not 
essential)  dilntatinn  ivith  active  hyixraimia,  followed  by  retardation  ;  explanation 
of  these  ;  pavementiny  of  veins.  Increase  of  temperature,  vot  due  to  heat  pro- 
duction hut  to  excess  of  blood.  II.  The  inflammatory  exudation.  (\)  the 
serous  and  (2)  the  fibrinous  exudation,  (3)  exudation  of  white  corpuscles  by 
emigration  and  red  by  diapedesis,  (4)  cells  from  other  sources,  (5)  the  purulent 
exudation,  suppuration  due  to  pi/ogenic  microbes  ;  the  ctbscess  ;  (croupous  and 
diphthei-itic  exudations).  III.  Changes  in  the  tissues.  (\)  Parenchymatous 
chanrjes ;  (2)  Newformation  of  tissue,  chiefly  after  the  type  of  the  granulating 
wound  ;  the  formative  cells  and  their  origin  ;  newformation  of  blood-vessels  and 
of  epithelium;  newformation  around  foreign  bodies.  IV.  The  issues  of 
inflammation.    V.  The  forms  of  inflammation. 

rriHIS  is  a  subject  whose  importance  in  joathology  can  hardly  he  over- 
estimated. From  the  time  of  John  Hunter  its  phenomena  have 
been  taken  as  the  basis  of  various  speculations  on  the  nature  of  patho- 
logical phenomena  in  general.  It  is  impossible  to  give  a  strictly 
accurate  and  complete  Definition  of  inflammation.  The  oldest  and  still 
most  generally  received  definition  distinguishes  it  as  characterized  by 
the  four  cardinal  signs,  redness,  swelling,  heat,  and  pain  {rubor,  tumor, 
calor,  dolor).  These  signs,  however,  by  no  means  apply  universally,  and 
they  are  typical  rather  of  the  early  stages  of  inflammation  than  of  the 
later  ones. 

Etiology  of  Inflammation.— In  many  cases  the  causes  of  inflam- 
mation are  obscure,  and  this,  applies  mainly  to  internal  organs  whose 
actions  are  greatly  hidden  from  our  view.  Inflammation  is  producible 
artificially;  and  if  we  study  the  modes  of  production  we  shall  find 
that  agents  are  used  to  which  the  general  name  of  Irritants  is  applied. 
The  inflammation  is  produced,  it  is  said,  by  irritating  the  part  in  some 
way.  This  name  irritant  is  apt  to  bo  misleading,  as  it  embodies  the 
conception  of  a  stimulating  action;  whereas  the  so-called  irritants,  in 
their  nature  and  action,  possess  characters  rather  of  a  deadening 
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than  of  a  stimulating  kind.  They  are  agents  which,  Avhen  acting 
strongly,  are  calculated  to  kill  the  tissues,  and  acting  less  strongly  the\ 
may  be  supposed  to  damage  them ;  it  is  in  this  latter  case  that  they 
produce  inflammation.  A  certain  degree  of  heat  or  cold  will  kill,  a  le.'^s 
degree  will  lead,  if  sufficiently  prolonged,  to  inflammation.  Such 
agents  as  croton  oil,  nitrate  of  silver,  chloride  of  zinc,  have  a  damaging 
action  on  the  tissues,  and  they  are  some  of  the  commonest  in  use  when 
inflammation  is  to  be  produced.  Again,  traumatic  causes  produce 
inflammation;  a  direct  injury  inflicted  may  kill,  but  acting  less 
vigorously  it  may  produce  inflammation.  The  agents,  however, 
although  their  direct  action  is  deleterious,  ma}^  yet  induce  a,  reaction  in 
the  tissues  and  in  this  sense  stimulate  them. 

It  may  be  said,  perhaps,  that  in  inflammation  of  internal  organs 
there  is  no  such  definite  cause  to  be  discovered.  In  pneumonia  it 
might  be  supposed  that  there  is  no  direct  irritant  or  deleterious  agent 
attacking  the  lung  tissue.  But  even  here  there  is  reason  to  believe 
that  there  is  some  such  agent  at  work.  In  one  of  the  hospitals  in 
Glasgow  a  medical  man  jjrescribed  a  table-spoonful  of  cough-mixtui-e  : 
the  nurse  gave  a  table-spoonful  of  carbolic  acid  instead.  The  result 
was  an  acute  pneumonia  pi-esenting  the  usual  physical  signs  and 
symptoms.  In  this  case  there  was  a  deleterious  agent  introduced  into 
the  stomach  and  so  into  the  circulation,  and  it  acted  on  the 
tissue  of  the  lungs  (perhaps  mainly  on  the  blood-vessels),  possibly 
during  the  process  of  excretion  by  these  organs;  the  result  was  an 
acute  inflammation. 

Again,  when  large  blisters  are  applied,  it  sometimes  happens  that 
the  active  chemical  principle  is  absorbed,  and,  passing  into  the  blood, 
produces  inflammation  of  the  kidneys  probably  dixring  the  process  of 
excretion.  And  so  in  all  inflammations  we  are  to  infer  the  existence 
of  some  deleterious  agent,  although  it  is  very  often  diflicult  to  tell 
whence  it  has  come  and  what  is  its  nature. 

Many  inflammations  are  produced  by  morbid  poisons,  which,  again, 
are  related,  as  we  have  seen,,  to  specific  microbes.  These  ma);-  be 
applied  directly  to  the  tissues  or  may  be  carried  by  the  blood,  '\^'e 
have  already  seen  that  in  this  latter  case  they  generally  select  some 
special  locality  for  their  action.  This  applies  also  to  ordinary  poisons 
as  the  instances  given  above  indicate. 

At  this  point  it  may  properly  be  inquired,  whether  the  Nervous 
system  has  anything  to  do  with  the  causation  of  inflammation.  There 
are  not  a  few  facts  which  suggest,  at  least,  some  connection.  In  some 
of  the  instances  the  connection  is  clearly  an  indirect  one.  For  instance, 
when  inflammation  of  the  eye  results  from  division  of  the  fifth  "nerve, 
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the  inflammation  is  really  traumatic  in  its  origin.  By  the  severance  of 
the  nerve  the  reflex  action  of  winking  is  abolished  as  well  as  the  secre- 
tion of  teai's,  and  so  the  organ  is  exposed  to  injuries  and  unable  to  get 
rid  of  foreign  bodies.  The  inflammation  is  the  result  of  irritation  from 
without,  and,  if  the  eye  be  carefully  protected  (say  by  stitching  the  lids 
together)  the  inflammation  does  not  occur. 

But  there  are  cases  where  nervous  action  has  a  very  important  and 
apparently  direct  relation  to  the  cause  of  the  inflammation.  A  man 
with  a  stone  impacted  in  his  urethra  may  have  an  inflammation  of  the 
testicle.  Or,  after  the  passage  of  a  bougie  through  a  urethra  with  a 
partially  healed  wotmd,  there  may  be  a  rigor  with  immediate  suppres- 
sion of  urine  and  an  acute  inflammation  of  the  kidney.  These  results 
can  only  be  effected  by  reflex  action,  and  there  are  various  ways  in 
which  we  may  suppose  them  to  occur.  Reflex  irritation  may  j^roduce, 
through  the  vaso-motor  nerves,  a  contraction  of  the  arteries  of  an  organ, 
and  in  the  case  of  the  kidney  this  contraction  may  conceivably  be 
.suificient  virtually  to  bring  the  circulation  to  a  standstill.  The  im- 
media.te  suppression  of  urine  resulting  on  the  passage  of  a  bougie  can 
scarcely  be  accounted  for  except  on  the  supposition  of  such  a  spasmodic 
contraction  amounting  almost  to  occlusion  of  the  renal  arteries.  If 
such  a  stagnation  of  the  blood  continues  long  enough  the  vessels  will 
be  so  damaged  that  wheii  the  circulation  is  restored  inflammation  must 
result. 

But  there  are  cases  of  internal  inflammations  which  are  greatly 
under  nervous  influences,  but  in  Avhich  the  connection  cannot  be  explained 
merely  on  the  supposition  of  a  reflex  stimulation  of  the  vaso-motor  nerves. 
The  manifest  relief  which  many  inflammations  undergo  in  consequence  of 
counter-irritation  has  been  pointed  out  by  Lister  as  indicating  the  in- 
Hucnce  of  the  nervous  system  in  producing  inflammation.  The  applica- 
tion of  the  actual  cautery  to  the  skin  over  an  inflamed  and  painful  joint 
will  often  relieve  the  pain  and  inflammation  instantaneously.  It  is  as  if 
there  was  in  the  nerves  of  the  part  a  state  of  over-action  Avhich  aff"ected 
mjuriously  the  tissues.  This  over-action  being  relieved  by  a  still  greater 
■stimulation  of  nerves  connected  reflexly,  the  inflammation  subsides. 

It  is  probable  that  even  in  such  cases  nervous  action  alone  is  not 
sufficient  to  produce  inflammation.  It  is  more  likely  that  under  certain 
conditions  of  the  local  nervous  arrangements  the  tissues  are  specially 
weak,  and  are  liable  to  be  damaged  by  agents  which,  under  normal 
conditions,  they  would  resist. 

Ah  an  example  of  how  local  conditions  may  determine  the  occiuTence  of  inflam- 
'iiation,  the  falct  may  be  cited  tliat  a  mild  inflammation  of  the  bone-marrow  pro- 
diiced'by  .caustics  may  be  converted  into  an  intense  inflnramation  hy  causing  the 
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animal  to  eat  putrid  food.  Here  an  existing  damaged  state  makes  the  tissues 
unable  to  resist  the  attack  of  a  further  damaging  agent  which  noiTnally  they  are 
able  to  withstand.  It  may  be  similar  in  the  case  of  many  internal  inflamma- 
tions produced  apparently  by  exposure  of  the  surface  of  the  body  to  cold.  Such 
exposure  may  produce,  by  reflex  action,  a  state  of  the  nervous  system  rendering  the 
organ  peculiarly  liable  to  damage  from  conditions  of  the  blood  which  otherwise 
would  not  produce  any  such  eft'ect.  In  all  these  cases,  also,  it  is  to  be  borne  in 
mind  that  the  reflex  action  may  affect  specially  the  vascular  system. 

It  may  be  added  that  besides  conditions  brought  about  through  the 
nervous  system  there  may  be  Individual  peculiarities,  hereditary  or 
acquired,  rendering  different  persons  variously  liable  to  the  action  of 
irritants,  and  even  in  the  same  person  the  various  organs  of  the  body 
may  shoAV  different  degrees  of  resistance.  The  character  of  the  inflam- 
mation will  also,  to  some  extent,  be  influenced  not  merely  by  the 
nature  of  the  agent  causing  it,  but  also  by  the  state  of  the  individual. 

In  studying  individual  cases  of  inflammation  it  will  be  import- 
ant to  consider  by  what  path  the  irritant  has  reached  the  part  which 
has  become  inflamed.  In  many  cases  it  reaches  it  by  the  blood,  and  as 
the  blood  is  distributed  in  every  jDart  of  the  organ,  the  inflammation 
will  not  probably  show  any  special  localization.  And  so,  when  we  find 
two  symmetrical  organs  both  of  which  are  attacked  in  every  region, 
we  generally  infer  that  the  agent  causing  the  inflammation  has  come 
by  the  blood  or,  at  least,  by  a  path  common  to  both.  Of  course,  there 
may  be  local  differences  in  the  organ  itself  of  such  a  character 
that  every  part  will  not  be  equally  susceptible  to  the  action  of  an 
agent  calculated  to  produce  inflammation,  and  so  the  disease  may 
develop  more  in  one  part  of  the  organ  than  in  another,  although  the 
general  character  of  its  distribution  will  generally  still  suggest  the  path 
by  which  the  agent  has  come. 

I.— THE  PEINCIPAIi  PHENOMENA  OF  INFLAMMATION. 

Looking  to  the  cardinal  signs  of  inflammation  alreadj*  enumerated,  it 
will  appear  that  two  of  them,  namely,  redness  and  heat,  are  intimately 
related  to  the  condition  of  the  circulation,  while  the  swelling  may 
possibly  have  similar  relations.  John  Hunter,  in  his  conceptions  of 
inflammation,  regarded  the  phenomena  as  essentially  connected  with 
the  state  of  the  blood  and  blood-vessels.  On  the  other  hand,  Virchow 
in  his  great  work  on  cellular  pathology  emphasized  the  importance 
of  the  tissues,  and  regarded  the  phenomena  of  inflammation  as  due  to 
a  stimulation  of  the  cells.  Under  the  influence  of  the  discovery,  by 
Cohnheim,  of  the  emigration  of  leucocytes  from  the  vessels  there  was  a 
revulsion  towards  the  vessels,  and  the  attempt  was  made  by  this  author 
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to  limit  the  tenn  inflammation  essentially  to  the  phenomena  connected 
with  the  vessels,  and  to  regard  it  as  a  disturbance  of  the  circulation. 
There  is  no  doubt  that  at  the  outset  of  acute  inflammations  the 
alterations  in  the  circulation  are  the  main  factors,  but  even  in  the 
early  stages  the  reaction  of  the  cells  must  not  be  ignored,  while  in 
the  later  stages  and  in  chronic  inflammations  the  tissue  changes  are 
the  more  important. 

A  simple  Experiment  may  be  performed  to  illustrate  the  principal 
phenomena  at  the  outset  of  an  acute  inflammation.  If  a  frog  be 
paralysed  with  curare,  the  Aveb  of  the  foot  may  be  spread  out  and 
observed  under  the  microscope.  With  a  pair  of  scissors  a  superficial 
longitudinal  wound  may  be  made,  taking  care  to  remove  little  more 
than  the  epithelium.  By  this  operation  the  connective  tissue  of  the 
web,  with  its  vessels,  is  exposed ;  the  action  of  the  scissors  in  cutting, 
and  the  unusual  exposure  to  the  air,  afi'ect  these  structures,  and  the 
various  phenomena  of  inflammation  soon  begin  to  manifest  themselves, 
care  being  taken  to  keep  a  moist  atmosphere  around  the  web  so  as  to 
prevent  the  wound,  deprived  of  its  epidermis,  from  drying.  At  first 
the  circulation  goes  on  in  the  bottom  of  the  wound  as  before,,  the  area 
is  merely  more  transparent  from  the  absence  of  the  epithelium.  But 
very  soon,  if  an  artery  is  near  or  in  the  wound,  it  dilates,  and  there  is 
an  acceleration  of  the  stream  in  the  capillaries  and  veins.  But  this 
soon  disappears,  and  the  circulation,  especially  in  the  capillaries, 
becomes  slower  and  slower,  till  here  and  there  the  blood-corpuscles 
now  and  then  stand  still  for  a  moment  or  two.  By  and  by  a  peculiar 
condition  becomes  visible  in  the  veins.  Normally,  the  blood-corpuscles 
flow  down  the  middle  of  the  vein,  and  the  peripheral  zone  contains 
plasma  with  a  few  white  corpuscles  rolling  along.  As  the  inflammation 
proceeds,  the  white  corpuscles  come  to  occupy  this  zone,  and  to  adhere 
to  the  inner  surface  of  the  vessel.  The  individual  corpuscles  may  not 
be  all  absolutely  stagnant,  they  adhere  for  a  time  and  then  depart,  but 
the  result  of  the  process  is  that  there  is  a  nearly  complete  filling  up 
of  the  zone  with  white  blood-corpuscles,  so  that  the  vein  seems  pave- 
mented  internally  with  these  cells.  This  is  seen  not  only  in  any  vein 
which  may  happen  to  be  in  the  bottom  of  the  wound,  but  also  in  those 
for  a  short  distance  outside  it. 

If  the  attention  be  now  directed  to  the  surface  of  the  wound,  it  soon 
becomes  manifest  that  certain  peculiar  bodies  are  appearing  there. 
These  are  at  first  seen  mostly  towards  the  edge  of  the  wound,  and  are 
especially  numerous  in  the  neighbourhood  of  veins  where  the  white 
corpuscles  are  adherent.    They  are  of  various  shapes,  and  present  a 
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transparent  gelatinous  appearance.  If  olDserved  carefully  they  are  seen 

^  f3?!*]a  altering  their  shapes,  present- 

ijl/            P^""  Avell-known  amceboid  move- 

^                 '    ^  ment,  as  shown  in  Fig.  20.  These 

l^i^s^                 ^sJ^**  •^^■'^^^  gradually  increase  in  numbers, 

^^"1             \  and  by  their  contractile  power,  they 

w           U                ^i^^>  move  from  the  periphery  toAvards 

Pig.  20.— A  leucocyte  from  human  blood  the  Centre  of  the  wound  till  thcy 

showing  amosboid  movement.    (Klein.)  .  .  ■     i  ' 

^  '  may  come  to  cover  it  entirely. 
These  bodies  may  be  removed  from  the  wound  by  placing  the  end  of  a 
capillary  glass  tube  on  the  surface.  A  fluid  runs  up  into  the  tube, 
and  in  this  fluid  are  these  free  cells.  The  fluid  may  now  be  bloAra  on 
to  a  glass  slide  and  examined  under  a  higher  power  of  the  microscope, 
when  the  slow  amoeboid  movement  will  be  still  more  manifest.  If,  in 
the  drop  of  fluid,  these  bodies  are  allowed  to  die  or  are  killed  by  the 
addition  of  a  reagent,  they  become  globular  and  granular,  in  fact,  have 
the  characters  we  recognize  as  those  of  white  blood-corpuscles,  lymph 
corpuscles,  pus  corpuscles— of  leucocytes  in  general.  The  addition  of 
acetic  acid  to  the  living  cells  will  first  cause  them  to  assume  the 
globular  form,  and  then  will  bring  out  the  nucleus  or  nuclei  as  in  an 
ordinary  white  corpuscle.  The  fluid  in  which  these  corpuscles  are 
found  is  coagulable,  and  if  it  be  kept  till  the  corpuscles  have  died 
strings  of  fibrine  will  be  found  in  it.  If  this  experiment  be  made  in 
summer,  the  whole  of  these  phenomena  Avill  manifest  themselves  in  a 
few  hours,  and  in  five  or  six  hours  the  entire  wound  may  be  plastered 
over  with  amoeboid  cells. 

In  the  course  of  a  few  more  hours  the  wound  begins  to  be  covered  in 
with  new-formed  flat  epithelium.  This  begins  at  the  margins,  and  if 
the  wound  is  small  it  may  be  wholly  covered  within  twenty-four  hours. 
The  amoeboid  cells  are  covered  in,  but  they  very  soon  disappear,  and 
the  connective  tissue  of  the  web  remains  with  a  thin  transparent 
epithelium  covering  it. 

Without  following  out  this  experiment  further,  we  may  now  proceed 
to  consider  the  principal  phenomena  of  inflammation,  which  have  been 
partly  illustrated.  We  shall  consider,  first,  the  state  of  the  A^essels; 
secondly,  the  condition  which  is  illustrated  in  this  experiment  by  the 
fluid  on  the  surface  of  the  wound  containing  amoaboid  cells ;  and  lastly, 
the  condition  of  the  tissues  in  inflamed  parts. 

1.  THE  STATE  OF  THE  ' VESSELS  IN  INFLAMMATION. 

When  an  irritant  is  applied  to  a  transparent  vascular  tissue,  such  as 
the  tongue  or  web  of  the  frog,  it  produces  eS"ects  which  vary  slightly, 


STATK  OF  VESSELS  IN  INFLAMMATION. 


121 


according  to  its  nature. '  If  crotou  oil  be  applied,  there  is  first  a 
contraction  of  the  arteries,  extending  to  their  whole  length,  followed 
l)y  dilatation.  If  ammonia  be  used,  there  is  dilatation  without  previous 
contraction.  The  dilatation  alfects  chiefly  arteries  and  veins,  but  also, 
though  to  a  less  extent,  capillaries.  The  dilatation  of  the  arteries 
leads  to  an  Active  hypersemia,  the  current  is  accelerated  in  the  arteries, 
capillaries,  and  veins,  and  these  vessels  are  overfilled  ;  there  is  a  great 
excess  in  the  quantity  of  blood  passing  through  the  vessels.  The 
acceleration  of  the  current  does  not  persist,  however,  in  the  most 
affected  parts ;  on  the  contrary  the  blood  corpuscles  begin  to  lag, 
especially  in  the  capillaries  and  veins,  although  there  is  still  acceleration 
in  the  arteries,  and  in  the  capillaries  and  veins  of  the  less  inflamed 
parts.  This  stagnation  in  the  capillaries  and  veins  may  assume  a 
high  degree,  especially  in  the  part  most  acted  on  by  the  irritant. 
Although  the  current  is  slow  in  these  vessels  they  remain  overfilled, 
a  Passive  hyperaemia  supervenes  on  the  active  hypei'semia ;  at  the  same 
time  the  white  corpuscles  accumulate  along  the  internal  wall  of  the 
veins  in  the  manner  already  described,  and  they  also  adhere  at  intervals 
in  the  capillaries.  The  circulation  may  come  almost  to  a  standstill  in 
the  capillaries  of  the  parts  most  affected,  while  at  various  distances  out 
from  this  there  will  be  manifest  a  less  and  less  amount  of  retardation 
till  a  zone  is  reached  where  the  retardation  disappears,  and  by  and  by 
gives  place  to  acceleration. 

We  have  noAV  to  consider  what  may  be  the  explanation  of  these 
various  phenomena  which  the  vessels  manifest.  The  observations  of 
Lister  present  us  with  a  view  of  this  subject  which  has  been  largelj^ 
confirmed  by  other  observers.  Saviotti's  researches  are  for  the  most 
l)art  confirmatory  of  Lister's  views. 

Contraction  of  the  arteries  is  not,  in  any  proper  sense,  a  part 
of  the  inflammatory  phenomena.  It  is  simi:)ly  the  result  of  stimulation 
of  the  nerves  })y  the  irritant,  and  while  in  the  case  of  many  irritants  it 
docs  not  occur  at  all,  it  is  always  transitory.  Contraction  of  arteries 
may  be  produced  either  by  reflex  or  direct  irritation  of  nerves.  It 
is  produced  reflexly  by  irritation  of  sensory  nerves,  as  when  the  arteries 
in  the  web  of  the  frog's  foot  are  seen  to  contract  when  the  skin  is 
tapped  or  twitched  with  the  forceps.  This  contraction  does  not  occur 
if  the  nerves  be  first  divided.  On  the  other  hand  the  irritant  may 
cause  contraction  directly,  by  stimulating  the  vaso-constrictor  nerves 
(as  cold  does),  and  so  produce  a  temporary  contraction  of  the 
arteries. 

Dilatation  of  the  arteries,  leading  to  active  hypersemia  (also  called 
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determination  of  blood),  is  induced  by  paralysis  of  the  arteries,  just 
as  in  other  cases  of  active  hypersemia. 

It  is  important  here  to  recall  the  fact  that  irritants  act  injuriously 
on  the  tissues,  and,  in  a  certain  sense,  paralyse  them.  Lister  in  his 
important  researches  on  inflammation  brought  this  fact  into  prominence. 
The  skin  of  the  frog  is  supplied  with  pigment  cells.  These  cells  are 
contractile  bodies  (they  are  shown  in  Fig.  12,  p.  87).  In  the  state 
of  rest  they  are  extended  into  numerous  branches,  which  make  a 
fine  pigmented  reticulum  under  the  skin ;  in  the  active  state  they 
are  drawn  together  so  as  to  make  a  dark  clump.  They  are  under 
the  command  of  the  nervous  system,  and  by  their  means  the  animal  is 
capable  of  changing  its  colour,  presenting  a  dark  hue  Avhen  the  cells  are 
relaxed,  and  a  lighter  colour  according  to  the  degree  of  concentration. 
Some  irritants  have  the  immediate  effect  of  relaxing  the  pigment 
cells,  and  this  itself  is  so  far  an  evidence  of  paralysis,  as  the  dispersed 
condition  is  the  state  of  rest  of  the  cells ;  but  whether  the  pignient 
is  dispersed  or  not,  the  animal  loses  control  of  its  pigment  in  the 
affected  area,  which  does  not  change  its  colour  with  the  rest  of  the  skin, 
and  may  be  found  dark  while  the  animal  is  pale,  etc. 

In  a  similar  manner  the  dilatation  of  the  arteries  is  effected  by 
a  paralytic  influence  of  the  irritant.  It  is  not  easy  to  determine 
whether  this  paralytic  influence  is  exercised  through  the  peripheral 
ganglia,  whose  existence  we  have  already  seen  reason  to  infer,  or 
directly  on  the  wall  of  the  vessel,  but  as  these  ganglia  are  in  or 
near  the  vessel-wall,  we  may  infer  that  both  are  influenced.  The  view 
has  been  held  that  the  dilatation  is  reflex,  but  this  is  excluded  by  the 
observations  of  Cohnheim.  He  found  that  if  the  sciatic  nerve  has  been 
divided  in  a  frog's  leg  the  arteries  dilate,  but  the  application  of  an 
irritant  produces  a  further  dilatation.  He  found  also  that,  after 
destruction  of  the  brain  and  spinal  cord,  irritation  of  the  tongue 
still  produces  dilatation  of  the  arteries.  The  acceleration  of  the  blood- 
current  in  the  arteries,  capillaries,  and  veins,  will  be  understood  from 
what  has  gone  before  to  be  a  direct  result  of  the  dilatation  of  the 
arteries  ;  we  have,  in  fact,  an  active  hypersemia. 

The  Retardation  is  to  be  referred  to  an  increased  adhesiveness  of 
the  blood-corpuscles.  This  is  a  matter  of  direct  observation.  The 
corpuscles  in  the  inflamed  area  can  be  seen  to  move  sluggishly 
along  the  wall  as  if  attracted  to  it,  and  the  Pavementing  of  the 
veins  with  white  corjiuscles  is  clearly  due  to  increased  adhesiveness. 
It  has  been  pointed  out  by  Lister  that,  when  the  blood  is  removed 
from  the  vessels  and  comes  in  contact  with  dead  matter,  the  blood 
corpiiscles  acquire  an  adhesiveness  which  they  do  not  possess  inside 
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the  normal  vessels.  The  red  corpuscles  stick  together  by  their  flat 
surfiices  and  form  the  well-known  rouleaux.  The  adhesiveness  of  the 
white  corpuscles  is  not  so  obvious  Avhen  a  drop  of  blood  is  examined 
outside  the  body,  but  there  is  reason  to  believe  that  it  is  even  greater 
than  that  of  the  red.  Now  the  irritant  damages  the  walls  of  the  vessels, 
with  the  result  that  the  corpuscles  behave  as  if  in  the  presence  of  dead 
matter — they  become  adhesive. 

This  is  excellently  sllo^vn  in  an  experiment  of  Lister's.  He  ligatured  the  leg 
of  a  frog,  producing  thereby  stagnation  of  the  blood  in  the  vessels,  but  on 
examining  the  web  it  could  be  seen  that  the  corpuscles  were  able  to  move 
freely  among  one  another — there  was  obviously  no  adhesiveness.  But  now,  when 
a  piece  of  mustard  was  applied  to  the  web,  this  free  movement  ceased  in  the 
area  affected;  the  corpuscles  became  adherent  among  themselves  and  to  the 
walls  of  the  vessels.  The  result  of  this  was  an  accumulation  of  the  corpuscles 
in  the  irritated  area ;  any  corpuscles  which  happened  to  glide  into  the  area 
remained  adherent  there,  and  so,  by  degrees,  the  vessels  became  overfilled — a 
state  of  hypertemia  superinduced  on  stagnation.  If  any  corpuscle  happened  to 
escape  from  the  affected  area,  it  ceased  to  be  adhesive,  and  moved  freely  about. 

AYe  may  therefore  infer  that  the  retardation  of  the  current  and  the 
pavementing  of  the  veins  with  white  corpuscles  are  the  result  of 
the  injury  to  the  vessel  wall,  and  it  may  be  added  that,  in  con- 
nection with  inflammations,  all  degrees  of  stagnation  up  to  absolute 
stoppage  or  Stasis  may  be  produced,  and  are  often  manifested  together 
in  the  same  case. 

We  may  now  sum  up  the  conditions  presented  by  the  blood-vessels 
in  the  early  periods  of  inflammation  as  follows.  The  arteries  dilate 
by  a  relaxation  of  their  muscular  coats,  due  to  a  jaaralysis  of  the 
peripheral  ganglia.  In  some  cases  this  dilatation  is  preceded  by  an 
evanescent  contraction.  The  immediate  result  of  the  dilatation  of 
the  arteries  is  active  hyperemia,  or  determination  of  blood,  involving 
overfilling  of  the  arteries,  capillaries,  and  veins,  with  acceleration 
of  the  current.  This  is  followed  by  retardation  of  the  current,  the 
vessels  remaining  dilated  and  hyperaemic,  and  this  retardation  may 
go  on  to  almost  complete  stasis  in  the  capillaries.  The  retardation 
is  due  to  adhesiveness  of  the  corpuscles,  and  to  the  same  cause  is  to  be 
traced  the  pavementing  of  the  veins  with  white  corpuscles. 

It  is  sometimes  possible  in  acute  inflammation  of  the  skin,  as  in  the 
case  of  a  boil,  to  observe  conditions  directly  traceable  to  the  state  of  the 
vessels  here  indicated.  Thus  at  the  jjeripheral  parts  of  such  a  focus  of 
inflammation  the  skin  presents  a  fiery-red  appearance  due  to  determina- 
tion of  blood ;  the  red  colour  may  be  pressed  away  with  the  finger,  but 
it  immediately  returns.  Inside  this  zone  there  is  an  area  in  which  the 
redness  is  not  so  vivid,  and  when  the  red  coloiir  is  pressed  away 
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it  returns  sluggishly;  the  corpuscles  are  here  already  adherent,  and 
the  current  retarded.  Then  in  the  more  central  parts  a  dusky  red 
appearance  is  presented,  and  on  jDressure  it  may  Ije  impossible  or  very 
difficult  to  remove  the  redness ;  here  a  condition  of  extreme  stagnation 
exists. 

Increase  of  temperature  in  inflammation.— Calor  is  one  of  the 

cardinal  signs  of  inflammation,  and  a  feeling  of  heat  is  usually 
experienced  when  external  jjarts  are  the  seat  of  acute  inflammation. 
In  regard  to  internal  parts,  their  nerves  are  not  capable  of  conveying 
impressions  of  differences  of  temperature;  a  hot  substance  swallowed 
gives  a  sensation  of  pain.  Many  experiments  have  been  made  Avith  a 
view  to  determining  whether  a  part  which  is  in  a  state  of  acute  inflam- 
mation is  the  seat  of  increased  production  of  heat. 

There  is  no  doubt  that  the  temperatiu^e  of  inflamed  external  parts  is 
increased  in  inflammation.  John  Hunter  determined  this  by  actual 
observation.  He  had  a  case  of  hydrocele  to  deal  with,  and  undertook 
its  treatment  by  the  old  operation  of  laying  open  the  sac  and  inserting 
lint  dipped  in  an  irritating  salve  with  a  view  to  producing  inflam- 
mation. At  the  time  of  the  operation  he  found  that  the  temperature  in 
the  tunica  vaginalis  was  92°,  but  next  day,  inflammation  having  been 
induced,  the  temperature  had  risen  to  98|°.  The  question  here  arises 
whether  this  increase  of  temperature  is  due  to  an  actual  production  of 
heat  in  the  inflamed  part,  or  to  an  increased  supply  of  hot  blood,  due 
to  dilatation  of  the  arteries. 

That  thei-e  is  a  greatly  increased  supply  of  blood  to  inflamed  ex- 
ternal parts  has  been  proved  by  experiment  and  observation. 

Colinheiin  found  that  in  a  recent  inflammation  produced  by  scalding  the  fore  leg 
of  a  dog  in  hot  water,  or  by  jjainting  vnth  croton  oil,  the  amount  of  blood  issuing 
from  a  cannula  inserted  into  a  vein  was  greatly  increased,  sometimes  reaching 
nearly  double  that  issuing  from  a  corresponding  vein  on  the  other  side.  It  may 
even  be  as  great  as  when  the  arteries  have  been  relaxed  in  a  limb  by  dividing  the 
axillary  plexus  of  nerves.  This  extreme  degree  of  difference  may  not  continue  long, 
but  even  for  some  days  it  is  frequently  very  considerable. 

It  is  an  every-day  observation  of  surgeons  that  an  incision  in  an 
inflamed  part  is  accompanied  hy  a  much  greater  escape  of  blood  than  in 
a  normal  part,  and  if  an  artery  be  incised  it  spoxits  more  blood  and  to 
a  greater  distance  than  a  similar  arter}'^  in  a  non-inflamed  ^jart.  It  is 
similar  with  the  veins ;  Laurence  perfoi'med  venesection  in  both  arms 
in  a  person  who  had  an  acute  inflammation  of  one  hand,  and  he  found 
that  the  blood  floAvcd  two  or  three  times  more  rapidly  from  the  vein 
on  the  side  affected.  The  relaxation  of  the  arteries  in  acute  inflam- 
mation  evidently  produces  a,  determination  of  l)lood  which  extends 
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bevond  the  immediate  focus  of  the  inflammation,  and  is  not  counter- 
balunccd  by  the  retardation. 

John  Hunter,  having  determined  the  great  increase  in  temperature 
above  referred  to,  yet  came  to  the  conclusion  that  it  M'as  due  to  the  de- 
termination of  blood,  for  he  found  that  the  temperature  of  an  inflamed 
external  part  never  exceeded  or  even  quite  reached  that  of  a  normal  in- 
ternal part,  or,  in  other  words,  of  the  blood  in  internal  organs.  Since 
Hunter's  time,  Simon  has  asserted  that  there  is  some  development  of 
heat  in  inflamed  parts.    His  experiments  seemed  to  show  that  the 
arterial  blood  passing  to  an  inflamed  external  part  is  not  so  warm  as 
the  focus  of  inflammation,  and  that  the  venous  blood  returning  from  the 
part  is  warmer  than  the  arterial  blood,  although  not  so  warm  as  the 
focus  of  inflammation.    But  the  experiments  of  Jacobsen,  made  with 
more  exact  instruments,  entirely  confirm  the  views  of  Hunter.    It  ap- 
pears that  the  most  intense  inflammations  of  the  skin  or  of  muscles 
never  cause  an  eleA^ation  of  temperature  sufficient  to  reach  that  of  the 
rectum,  vagina,  or  abdomen,  the  difference  being  generally  1°  to  2°  C. 
Again,  in  inflammations  induced  in  internal  parts,  as  the  peritoneum  or 
the  pleura,  the  temperature  was  never  raised  to  that  of  the  blood  in  the 
left  ventricle,  being  always  from  -2°  to  "5°  C.  under  it.   This  means  that 
in  these  parts,  where  the  temperature  is  already  near  that  of  the  blood 
in  the  left  ventricle  of  the  heart,  inflammation,  leading  to  an  increased 
supply  of  blood  of  a  similar  temperature,  causes  virtually  no  elevation 
aboye  the  normal  heat.    Again,  Cohnheim  has  found  that,  when  in  one 
fore-paw  of  a  dog  a  state  of  acute  inflammation  is  induced,  while  in  the 
other  active  hypera?mia  is  produced  by  dividing  the  axillary  plexus  of 
nerves,  the  temperature  in  the  inflamed  foot  is  always  slightly  less  than 
that  in  the  other.    We  may  safely  infer,  then,  that  in  inflammation 
there  is  no  local  production  of  heat. 

Fever  often  accompanies  inflammation,  but  it  only  does  so  when  the 
blood  is  affected.  This  may  happen  in  one  of  two  ways.  The  agent 
which  caused  the  inflammation  may  be  primarily  in  the  blood,  and  it 
may  produce  both  the  general  manifestations  of  fever  and  the  local 
manifestations  of  inflammation.  This  applies  to  many  morbid  poisons. 
On  the  other  hand,  a  local  inflammation  may  give  rise  to  products 
whose  absorjjtion  into  the  blood  will  cause  fever.    (See  under  Fever.) 

II.— THE  INFLAMMATORY  EXUDATION. 

In  the  exjieriment  sketched  at  the  outset  the  inflammatory  exudation 
was  the  fluid  which  collected  on  the  surface  of  the  wound.  We  saw 
that  thia  fluid  contained  ama'boid  cells,  and  that  it  M'as  coagulable.  Wc 
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may  thus  consider  the  inflammatory  exudation  as  consisting  of  cells, 
serous  fluid,  and  fibrine,  and  we  shall  in  the  first  place  pass  each  of 
these  under  review, 

1.  The  serous  exudation. — Nearly  all  inflammations  are  accompanied 
by  a  transudation  of  the  fluid  part  of  the  blood  from  the  blood-vessels, 
and  this  passes,  in  the  direction  of  least  resistance,  wherever  it  finds 
room.  In  the  case  of  a  wound  it  flows  from  the  surface,  forming  a 
serous  discharge  ;  in  that  of  a  mucous  membrane  it  also  flows  from  the 
surface,  forming  a  catarrh  ;  in  serous  cavities  it  accumulates,  forming  an 
inflammatory  dropsy ;  in  the  tissues  it  passes  into  the  serous  spaces 
constituting  an  inflammatory  (Edema ;  in  the  lungs  it  is  situated  in  the 
lung  alveoli,  where  also  it  produces  oedema.  The  exuded  fluid  -will  in 
many  cases  find  its  way  into  the  lymphatics,  and  exioeriment  has  proved 
that  the  current  in  the  lymphatics  is  much  increased  in  inflammation.  • 

The  serous  exudation  is  somewhat  diiferent  in  constitution  from 
an  ordinary  transudation  fluid.  It  is  much  more  concentrated,  ap- 
proaching more  nearly  to  the  liquor  sanguinis,  and  containing  more 
leucocytes  than  the  exudation  in  simple  oedema.  It  is  also  coagiUable, 
so  that  when  shed  it  may  deposit  fibrine,  and  sometimes  does  so  in  the 
living  body.  AVhen  this  occurs  we  have  the  fibrinous  exudation.  We 
may  associate  these  characters  of  the  serous  exudation  with  the  fact 
that  in  acute  inflammations  the  tissues  including  the  walls  of  the  vessels 
are  seriously  damaged,  and  the  latter  allow  more  readily  of  the  escape 
of  the  fluid  of  the  blood. 

2.  The  fibrinous  exudation. — This  is  seen  most  typically  in  acute 
inflammations  of  serous  cavities  such  as  the  pleura  or  pericardium.  In 
such  cases  there  is,  in  addition  to  the  serous  exudation  occupying  the 
cavity,  a  deposition  on  the  surface  of  a  soft  yellow  layer  of  coagulated 
fibrine.  There  is  frequently  a  similar  deposition  on  the  surfoce  of  a 
freshly-inflicted  wound,  the  fibrine  forming  a  glaze  on  the  surface, 
while  the  serous  fluid  passes  off"  as  a  discharge.  Fibrine  is  seldom 
deposited  in  the  meshes  of  the  tissues,  unless  there  be  an  actual  necrosis, 
as  in  the  case  of  a  boil  or  a  carbuncle,  where  the  slough  which  forms  in 
the  skin  is  composed  partly  of  dead  tissue  and  partly  of  fibrine.  In 
acute  pneumonia,  however,  the  exudation  in  the  lung  alveoU  is 
fibrinous. 

The  term  Lymph,  or  coagulable  lymph,  is  often  applied  to  the  fibrinous  exudation 
as  seen  on  serous  surfaces,  but  the  use  of  this  term  is  not  to  be  commended.  From 
its  use  by  John  Hunter  the  term  has  interesting  historical  relations,  yet,  as  it 
implies  a  theory  which  is  not  now  held,  namely,  that  the  so-called  lymph  has  the 
power  of  developing  into  organized  tissue,  its  use  is  apt  to  lead  to  confusion.  This 
is  all  the  more  true,  because  the  term  lymph  is  frequently  used  in  a  very  loose  way  to 
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designate  connective  tissue  itormecl  as  a  result  of  inflammation.  According  to 
Hunter's  view,  the  connective  tissue  developed  directly  from  the  fibrine,  and  so  was 
legitimately  called  lymph  ;  but  as  his  views  are  now  departed  from,  this  use  of  the 
term  is  quite  imwarranted. 

The  fibrine  of  the  exudation  has  all  the  characters  of  that  in  an 
ordinary  blood-clot.  This  is  shown  in  Fig.  21,  where  a  network  of  fibres 


Fig.  21. — Lung  alveolus  in  acute  pneumonia.    A  plug  of  fibrine,  with  a  few 
leucocytes  in  it,  fills  the  alveolus,    x  350. 

is  seen  filling  a  lung  alveolus.  It  has  also  a  similar  origin  to  that 
in  the  blood-clot.  We  have  seen  (under  Thrombosis,  p.  64)  that  co- 
agulation of  blood  occurs  when  the  necessary  constituents  are  present, 
and  that  in  order  to  this  there  must  be  a  disintegration  of  the  leuco- 
cytes so  as  to  yield  the  paraglobulin  and  the  ferment.  Leucocytes  are 
always  present  in  the  serous  exudation,  and  in  order  to  their  disintegra- 
tion they  must  be  sufficiently  removed  from  the  influence  of  the  living 
tissue.  This  can  scarcely  occur  except  in  the  case  of  an  extended 
surface  as  of  a  membrane.  Just  as  thrombosis  does  not  occur  in 
the  capillaries,  because  the  blood  in  these  narrow  vessels  is  in  intimate 
contact  with  the  living  cells  forming  the  capillary  walls,  so  in  inflamma- 


128 


INFLAMMATION. 


tion  the  fibrinous  exudation  scarcely  occurs  in  the  serous  spaces  unless 
there  bo  actual  necrosis  of  the  tissue.  In  some  very  acute  inflamma- 
tions of  connective  tissue  (acute  phlegmon)  there  may  be  a  deposition  of 
fibrine,  forming  a  kind  of  fibrinous  oedema,  such  as  sometimes  occurs 
in  the  skin  in  erysipelas,  but  in  these  cases  necrosis  is  a  frequent  if  not 
a  constant  concomitant.  It  is  where  the  exudation  is  on  a  surface,  and 
is  to  a  great  extent  removed  from  contact  with  the  living  endothelium 
that  the  fibrinous  exudation  is  most  constantly  found. 

Epithelium,  like  endothelium,  has  the  power  of  preventing  the  disin- 
tegration of  the  leucocytes,  and  hence  a  fibrinous  exudation  seldom 
occurs  on  a  mucous  membrane  or  the  skin.  Its  occurrence  imiilies  that 
the  epithelium  has  undergone  necrosis  or  has  been  shed. 

3.  Exudation  of  white  and  red  blood-corpuscles.  —The  resemblance 
of  the  cells  met  with  in  acute  inflammations  to  the  leucocytes  in  the 
blood  long  ago  suggested  the  idea  that  they  are  white  blood-corpuscles. 
In  the  year  1846  AValler  observed  the  pavementing  of  the  internal  coat 
of  the  veins  with  white  blood-corpuscles  in  the  inflamed  tongue  of 
the  frog,  and  as  he  saw  similar  cells  outside  the  vessel  he  inferred  that 
the  white  corpuscles  had  got  through  the  wall.  It  was,  however,  diffi- 
cult to  believe  that  the  solid  globular  white  corpuscles  could  pass 
through  the  intact  wall  of  a  blood-vessel,  and  Waller's  views,  although 
supported  by  William  Addison,  were  lost  sight  of  The  discovery  by 
Recklinghausen  that  jaus  corpuscles  and  white  blood-corpuscles  possess 
contractile  power  by  virtue  of  which  they  are  able  to  move  from  place 
to  place,  and  to  alter  their  shapes  in  the  most  diverse  fashion,  paved 
the  way  for  the  actual  observation  of  their  passage  through  the  walls  of 
the  vessels  made  by  Cohnlieim. 

Emigration  of  the  white  corpuscles. — -This  was  observed  by  Cohn- 
heim  in  the  mesentery  of  the  frog.  When  this  exceedingly  delicate  and 
transparent  structure  is  drawn  out  of  the  body  through  a  wound  in  the 
lateral  aspect  of  the  abdomen,  the  mere  exposure  to  the  air  is  sufficient 
to  set  up  an  acute  inflammation,  the  phenomena  of  which  can  be  readily 
observed  under  the  microscope.  Let  us  suppose  that  the  pavementing 
of  the  veins  has  occurred,  and  that  there  is  an  occasional  white  cor- 
puscle adherent  in  the  capillaries,  and  the  following  surprising  pheno- 
mena show  themselves,  as  described  bj-  Cohnheim  himself  "  One  sees, 
as  a  rule,  first  in  a  vein  which  presents  the  pavementing  with  white 
corpuscles,  but  sometimes  in  a  capillary,  a  pointed  projection  in  the 
external  contour  of  the  vessel ;  it  pushes  itself  farther  and  farther  out- 
wards, it  increases  in  thickness,  and  the  pointed  projection  develops 
into  a  colourless  rounded  knob  ;  this  increases  in  length  and  thickness, 
sends  out  fresh  points,  and  draAv^s  itself  gradually  outwards  from  the 
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vessel-wall,  with  which  it  comes  to  be  connected  only  by  a  long  thin 
stem.  Finally,  this  also  lets  go  the  vessel,  and  there  lies  outside  a 
colourless,  dull,  glancing,  contractile  corpuscle,  with  several  short  pro- 
cesses and  a  long  one,  of  the  size  of  a  white  blood  cell,  with  one  or 
several  nuclei ;  in  a  Avord,  a  white  blood  corpuscle." 

In  the  investigation  of  inflamed  tissues  in  the  usual  way  after  death, 
there  are  often  indications  to  be  met  with  of  this  process  of  emigration. 
The  leucocytes  in  the  tissues,  for  instance,  are  frequently  aggregated 
especially  around  the  blood-vessels.    In  the  accompanying  Fig.  22,  the 


Fi^.  22.— Inflamed  h  unian  omentuni.  The  phenomena  of  inflammation  are 
seen  in  the  veins  and  capillaries.  The  condition  is  normal  at  the  artery  (c) 
where  6  represents  endothelium  covering  the  trabecula  (a).  In  the  vein  {d)  there 
are  many  white  corpuscles  along  the  wall ;  some  of  these  are  emigrating  (e).  f, 
desquamated  endothelium  ;  y,  extravasated  red  corpuscles.  (Zieoler.) 

conditions  in  the  human  omentum  are  shown  in  a  somewhat  diagram- 
matic  form,  and  the  appearances  there  are  sufficiently  suggestive. 

Diapedesis  of  the  red  corpuscles.— This  is  a  frequent  accompaniment 
of  acute  inflammations.  The  white  corjiuscles  are  active  contractile 
cells,  and  they  generally  pass  through  the  vessels  to  a  larger  extent 
than  the  red  ones,  but  there  are  some  inflammations  in  which  the  red 
corpuscles  also  pass  through  in  large  numbers.  They  are  not  active, 
nut  are  passively  pushed  through  the  walls,  just  as  they  are  in  the 
diapedesis  of  passive  hypersemia. 

This  passage  of  the  white  and  red  corpuscles  through  the  walls  of 
the  vessels  is  to  be  accounted  for  by  changes  in  the  vessels  induced  by 
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the  agent  producing  the  infiammation.  These  changes,  as  we  have 
seen,  induce  an  increased  adhesiveness  of  both  white  and  red  corpuscles, 
and  lead  to  the  pavementing  of  the  veins.  The  altered  vessel-wall  may 
also  permit  of  freer  exercise  by  the  leucocytes  of  their  power  of  amoeboid 
movement.  The  living  wall  of  the  vessel  seems  to  restrain  this  move- 
ment, but  in  inflammation  the  altered  wall  allows  itself  to  be  penetrated 
by  the  contractile  leucocytes.  Increase  of  pressure  has  been  suggested 
as  a  cause  of  the  extravasation  of  the  corpuscles,  but  its  influence  is  in 
any  case  subordinate.  Even  in  the  case  of  the  red  corpuscles  the  dia- 
pedesis  is  related  to  the  alteration  in  the  vessel-wall,  which  permits  of 
the  corpuscles  being  pushed  through.  ■  It  occurs  to  the  largest  extent 
in  inflammations  of  a  particularly  virulent  kind,  in  which  the  vessel-wall 
is  presumably  most  seriously  compromised. 

The  passage  of  the  cor})uscles  takes  place,  presumably,  through  exist- 
ing apertures  in  the  walls  of  the  vessels.  The  capillaries  are  not  com- 
posed of  membrane,  but  of  flattened  cells,  which  have  places  where  they 
join,  as  well  as  apertures  between  them  (stomata,  see  under  Passive 
Hypersemia).  Both  red  and  white  corjDuscles  pass  through  apertures 
much  narrower  than  their  own  proper  breadth.  They  undergo  altera- 
tions in  shape  so  that  the  part  actually  in  the  wall  is  very  attenuated. 

It  is  customary  to  call  all  the  leucocytes  which  arc  met  Avith  outside 
the  vessels  in  inflamed  tissues  by  the  name  of  Pus  corpuscles.  This 
term  is  hardly  warranted  unless  there  is  the  actual  presence  of  fluid 
pus.  But  as  the  characteristic  corpuscles  of  pus  are  leucocytes,  and  are 
identical  with  those  met  with  in  other  acute  inflammations,  the  term 
may  be  retained  in  this  wider  significance  as  meaning  cells  of  a  similar 
character  to  those  in  pus. 

Besides  leucocytes  we  often  meet  with  other  cells  in  exudations, 
which  are  obviously  not  derived  from  the  blood,  and  even  in  regard 
to  the  leucocytes  themselves  it  cannot  be  taken  for  granted  that  they 
have  no  other  source  than  the  blood.  Hence  it  is  necessary  to  discuss 
the  extra  vascular  oi'igin  of  certain  cells  in  the  exiidation. 

4.  Cells  from  other  sources  than  the  blood.— Although  Cohnheim 
and  his  followers  have  asserted  that  pus  corpuscles  have  no  other  origin 
than  the  leucocytes  of  the  blood,  there  are  many  facts  which  render  this 
conclusion  very  doubtful.  In  the  first  place,  pus  corpuscles  outside  the 
vessels  may  multiply  by  division,  a  process  which  has  been  actually  ob- 
served by  Strieker.  Then,  also,  observations  on  non-vascular  structures 
seem  to  show  that  the  connective-tissue  corpuscles  may  give  origin  to 
leucocytes.  These  observations  have  been  made  chiefly  on  the  cornea 
and  on  cartilage. 

Hoffmann  and  Eecklinghausen  produced  inflammation  in  the  coniea  and  then 
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excised  the  eye  or  the  head  of  the  auimal  and  preserved  it  in  a  moist  chamber. 
They  found  in  two  or  three  days  that  at  the  seat  of  irritation  groups  of  amoBboid 
cells  (pus  corpuscles)  had  formed,  as  in  ordinary  keratitis.  Then,  also,  several  ob- 
servers have  described  and  figured  the  cornea  corpuscles  in  inflammation,  as  draw- 
ing in  their  processes,  and  in  doing  so  becoming  amoeboid.  They  also  leave  detached 
portions  of  their  protoplasm  which  become  pus  corpuscles.  It  has  also  been  asserted 
that  the  epithelium  on  the  posterior  surface  of  Descemet's  membrane,  as  well  as  that 
on  the  surface  of  the  cornea  and  elsewhere  becomes,  at  the  outset  of  inflammations, 
amoeboid. 

The  so-called  endogenous  production  of  pus  coi'puseles  is  more  doubtful.  By  this 
is  meant  the  formation  of  these  cells  inside  other  cells.  It  has  been  asseiied  by  Buhl, 
Hindtieisch,  and  others,  that  epithelial  cells  give  origin  in  this  way  to  pus  corpuscles. 
No  doubt  the  latter  forms  are  sometimes  found  inside  the  former,  but  as  both  forms 
may  be  contractile,  this  does  not  imply  that  the  one  has  given  rise  to  the  other, 
more  especially  as  red  corpuscles  are  found  inside  cells  under  similar  circumstances. 

It  may  be  said  in  the  meantime  that  while  pus  coriDuscles  undoubtedly 
iu'ise  by  emigration  of  the  blood  corpuscles,  there  is  considerable  proba- 
bility that  as  the  inflammation  proceeds  the  existing  tissues,  and  more 
especially  the  connective  tissue,  give  origin  to  these  cells.  It  is  clear 
that  in  the  course  of  a  suppurative  inflammation,  in  which  there  is  an 
enormous  production  of  pus  corpuscles,  there  must  be  a  very  great  new 
formation  of  leucocytes  somewhere.  In  such  cases  the  lymphatic  glands 
and  spleen  sometimes  undergo  enlargement,  and  Cohnheim  asserts  that 
the  number  of  leucocytes  in  the  blood  may  undergo  a  great  increase. 

The  cells  met  -svith  in  inflammatory  exudations  are  not  all  of  the 
character  of  pus  corpuscles.  They  are  sometimes  lai^ger  and  partake  of 
the  character  of  derivatives  of  the  epithelial  cells.  This  is  more  par- 
ticularly the  case  in  certain  inflammations  of  the  lung,  where  the 
alveoli  are  fi'equently  occupied  by  cells  M^hich  are  evidently  produced 
from  the  epithelium  of  the  alveoli  (so-called  catarrhal  cells).  A  similar 
formation  of  cells  is  frequently  seen  in  the  uriniferous  tubules  in  inflam- 
mations of  the  kidneys.  (See  further  on  under  Parenchymatous 
Changes.)  Again,  in  suppuration  in  epithelial  structures  generally, 
amoeboid  cells  are  often  found  which  are  miich  larger  than  pus  corpuscles 
and  are  derived  from  the  epithelium.  Neumann  asserts  that  ciliated 
epithelium  sometimes  becomes  amoeboid  and  can  be  recognized,  even 
after  it  has  become  detached,  by  the  persistence  of  some  of  its  cilia. 

0.  The  purulent  exudation.  Suppuration.  Pus. — -Pus  is  a  fluid 
usually  of  a  yellow  colo\ir.  It  consists  of  a  fluid  portion,  the  liquor 
puris,  and  of  pus  corpuscles,  which  are  identical  with  ordinary  leuco- 
cytes. Pus  is  met  with  under  a  variety  of  circumstances,  but  in  nearly 
all  cases  it  is  produced  by  the  indirect  action  of  microbes  belonging  to 
the  class  of  micrococci.  The  association  of  suppuration  with  the  pre- 
sence of  certain  forms  of  niicro])es  has  given  I'ise  to  some  interesting 
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discussions  as  to  the  explanation  of  this  association.  It  is  asserted  Ijy 
some  that  the  leucocytes  are  designed  to  destroy  the  microbes  by  taking 
them  into  their  substance  and  digesting  them.  (See  under  Phagocytes 
in  section  on  Bacteriology.) 

The  purulent  exudation  frequently  follows  the  fibrinous  exudation, 
especially  in  serous  cavities,  and  it  is  not  uncommon  to  find  an  inter- 
mediate condition  in  which  the  fibrine  is,  as  it  Avere,  infiltrated  with 
pus.  This  implies  that  the  cause  of  the  inflammation  (micrococci)  con- 
tinues to  act  intensely.  The  emigration  of  leucocytes  goes  on  vigor- 
ously, and  these,  crowding  into  the  fibrinous  coaguhim,  the  latter  dis- 
integrates and  liquefies. 

Many  experiments  have  been  made  in  order  to  determine  whether  su^jpuration 
can  be  produced  without  the  agency  of  microbes.  From  some  of  the  most  recent 
of  these,  such  as  those  of  Grawitz  and  De  Bary,  it  appears  that  various  sub- 
stances, such  as  tui'pentine,  may  alone  induce  suppuration,  and  that  cadaverin, 
obtained  from  decomposing  matters,  but  free  from  microbes,  may  do  so.  We  may 
infer  that  while  suppuration  may  be  produced  by  different  active  agents,  yet  in 
actual  cases  micrococci  are  always  present.  We  may  also  infer  that  it  is  by  evolving 
irritating  chemical  principles  (animal  alkaloids — ptomaines)  that  they  produce  this 
effect. 

The  solution  of  the  fibrine  is  not  easy  to  explain,  nor  is  it  easy  to  understand  why 
pus  does  not  coagulate.  There  are  abundant  leucocytes,  and  there  is  the  fluid  pre- 
sumably containing  the  fibrinogen.  A  few  pus  coi-puscles  added  to  fresh  liquor 
sanguinis  induce  coagulation.  Its  absence  in  j)us  has  been  ascribed  to  the  existence 
of  some  chemical  agent  evolved  by  the  micro-organisms  which  inhibits  the  process 
of  coagulation,  or  to  a  conversion  of  the  fibrinogen  into  peptones,  which  latter  are 
known  to  be  present  in  pus. 

In  the  case  of  serous  membranes  the  occurrence  of  suppuration  implies 
a  very  intense  inflammation,  but  in  the  case  of  mucous  membranes  pus 
is  often  produced  when  the  inflammation  is  comparatively  trivial.  The 
ordinary  catarrh  of  the  nares  and  bronchi  is  first  accompanied  by  a 
serous  exudation,  and  this  often  gives  place  to  an  exudation  of  jras. 

Purulent  infiltration  is  a  term  applied  when  the  suppuration  occurs 
not  at  a  surface  but  in  the  midst  of  the  tissue,  and  the  pus  fills  up  the 
spaces,  the  condition  being  comparable,  in  resjoect  of  the  locality  of  the 
exudation,  with  oedema.  Purulent  infiltration  implies  an  intense  in- 
flammation, and  it  is  frequently  associated  with  necrosis. 

Abscess  frequently  follows  purulent  infiltration.  The  name  abscess 
'  or  Apostema  is  applied  to  a  collection  of  pus  in  a  cavity  generaUj' 
formed  to  accommodate  it,  although  it  is  sometimes  used  in  cases  where 
the  pus  has  accvimulated  in  a  pre-existing  cavit)^  Purulent  infiltration 
usually^  precedes,  and  the  abscess  is  formed  by  the  necrosis  or  liquefac- 
tion of  the  tissue,  so  that  a  cavity  results.  Hence  abscesses  often  con- 
tain shreds  of  tissue  or  sloughs. 
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The  abscess  has  often  a  distinct  membrane  forming  its  boundaries. 
This  membrane  is  composed  of  granulation  tissue,  and  it  has  often  been 
regarded  in  the  light  of  a  secreting  surface  by  which  the  pus  is  produced ; 
hence  the  name  Pyogenic  membrane  applied  to  it.  The  membrane, 
however,  is  by  no  means  necessary  to  the  formation  of  jdus,  and  it  is,  in 
foot,  a  secondary  product  after  the  abscess  has  actually  formed.  It 
may,  indeed,  supply  pus  from  its  vessels,  and  so  cause  enlargement  of 
the  abscess,  but  it  more  probably  rather  limits  the  enlargement,  as 
oranulation  tissue  is  less  sensitive  to  irritants  than  other  tissues.  The 
membrane  may  be  regarded  as  a  protective  layer. 

As  abscesses  usually  contain  the  agents  of  inflammation  which  have 
produced  the  suppuration,  they  usually  enlarge.  This  mostly  occurs  in 
the  direction  of  least  resistance,  but  gravitation  often  plays  a  part  in 
the  advance  of  an  abscess.  There  is  a  gradual  liquefaction  of  the  tissue 
before  the  advancing  pus,  and  this  goes  on,  as  a  rule,  till  a  surface  is 
reached  and  the  pus  discharged. 

A  cold  abscess  is  not  really  a  collection  of  jdus,  but  only  of  matter 
resembling  pus.  This  is  usually  softened  caseous  matter,  jjroduced,  in 
connection  with  tuberculosis  of  bone,  but  pus  corpuscles  are  often 
mixed  -with  this  debris.  Cold  abscesses  frequently  extend  long  dis- 
tances, assisted  by  gravitation,  before  they  reach  the  surface.  Their 
opening,  by  admitting  septic  micrococci,  may  lead  to  acute  suppuration 
within  the  cavity. 

Pus,  whether  in  abscesses  or  elsewhere,  frequently  undergoes 
changes.  The  pus  corpuscles  often  undergo  fatty  degeneration,  or 
they  may  swell  up  and  disintegrate.  The  pus  may  in  this  way  become 
absorbed.  It  sometimes,  by  absorption  of  its  fluid,  thickens  into  a 
pasty  matter,  in  which  lime  salts  may  be  deposited.  Again,  pus,  or 
indeed  a  serous  exudation,  may  be  mixed  with  other  matters,  the 
secretion  of  glands,  such  as  mucus,  urine,  or  bile,  or  with  oil  where 
suppuration  occurs  in  a  tissue  rich  in  fat. 

[Croupous  and  diphtheritic  exudations. — These  terms  have  got  into  common  use,  but 
their  employment  is  not  to  be  recommended. 

The  croupous  exudation  is  primarily  that  which  occurs  in  the  larynx  in  Croup  (a 
Hcotch  word  derived  from  the  peculiar  sound  made  during  inspiration  in  certain 
diseases  of  the  larynx).  The  exudation  in  the  larynx  is  a  whitish  layer  resembling 
fibrine,  and  by  many  regarded  as  a  fibrinous  exudation.  Wagner  believed  that  it 
arose  by  transfonnation  of  the  epithelium,  and  Weigert  has  asserted  that  it  is  due 
to  a  coagulation-necrosis  of  the  epithelium. 

The  diphtheritic  exudation  implies  a  necrosis  not  only  of  the  epithelium  but  of  the 
mucous  membrane.  A  fibrinous  exudation  occupies  the  meshes  of  the  necrosed 
tissue  as  well  as  its  surface,  and  it  is  consequently  adherent  to  and  involved  in  the 
membrane. 
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These  terms,  although  originally  ai)j)liecl  to  croup  and  diphtheria,  are  now  fre- 
quently used  in  a  purely  anatomical  sense  of  exudations  on  mucous  membranes.  A 
croupous  exudation  is  one  which  lies  on  the  surface  and  is  not  associated  with 
necrosis  of  the  mucous  membrane,  while  a  diijhtheritic  exudation  is  both  on  the 
surface  and  in  the  substance  of  the  membrane  and  impUes  necrosis.] 

III.-CHANGES  IN  THE  TISSUES  AND  THE  INFLAMMATORY 

NEWFORMATION. 

1.  Parenchymatous  changes. — In  what  has  gone  before,  the  changes 
referred  to  have  mainlj-  concerned  the  Ijlood-vessels  and  the  connective 
tissue  with  its  lymph-spaces  and  surfaces.  Besides  these,  however,  we 
have  to  consider  the  jiroper  parenchyma  of  the  tissues,  the  stractures 
which  perform  the  special  functions  of  parts,  and  which  the  connective 
tissue,  as  a  general  rule,  011I3'  supports.  We  have  the  numerous  epi- 
thelial tissues,  some  of  them  covering  surfaces,  and  others  forming  the 
secreting  structures  of  glands  ;  and  we  have,  besides,  the  parenchyma 
of  muscle,  of  nerve-tissue,  of  bone,  etc. 

Cohnheim  and  his  followers  would  limit  the  proper  phenomena  of 
inflammation  to  those  already  considered,  and  would  regard  the  paren- 
chymatous changes  as  secondary  and  unessential.  It  is  true  that  in 
many  acute  inflammations  the  only  obvious  changes,  apart  from  the 
blood-vessels,  are  degenerative,  consisting  mainly  of  necrosis  and  fatty 
degeneration,  but  there  are  many  inflammations  in  which  active  changes 
are  visible  in  the  parenchymatous  cells,  and  these  may  or  may  not  be 
associated  with  degeneration  of  these  cells. 

The  active  parenchymatous  changes  consist  mainly  of  enlargement  of 
the  protoplasm,  due  to  an  infiltration  with  albuminous  material.  The 
cells  acquire,  in  consequence,  a  granular  clouded  appearance,  which  is 
expressed  in  the  name  Cloudy  swelling.  (See  under  Albuminous  Infil- 
tration.) At  the  same  time  the  cells  frequently  multiply,  and  thej*  do 
this  by  the  process  of  karyoldnesis.  The  neAv-formed  cells  frequently 
depart  from  their  position,  esjDecially .  in  inflammations  of  epithelium. 
This  process  of  Desquamation  causes  the  cells  to  form  sometimes  a 
material  part  of  exudations.  (See  above.)  These  phenomena  of  cloudy 
swelling  and  desquamation  are  frequently  associated  Avith  fatt}'  de- 
generation. Another  occasional  sign  of  increased  activity  is  an  increase 
to  the  secretion  of  glands  involved  in  infiammations.  Thus  the 
secretion  of  mucus  is  frequently  increased  in  inflammations  invohnng 
mucous  membranes. 

There  are  some  inflammations  in  which  these  phenomena  are  so 
characteristic  that  Virchow's  name  of  Parenchymatous  Inflammation  is 
properly  used  for  them.    It  may  be  presumed  that  the  irritant  in  these 
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cases,  usually  a  morbid  poison,  has  special  affinities  for  the  parenchy- 
matous structures.  It  is  not  to  be  inferred,  however,  that  the  pheno- 
mena in  the  blood-vessels  already  described  are  absent  in  these  cases. 
They  are  probably  present  in  all  cases,  and  they  may  be  much  more 
prominent  during  life  than  one  would  infer  from  the  appearances  after 
death,  when  the  parenchymatous  changes  are  perhaps  unduly  obtrusive. 

•2.  Newformation  of  tissue.— In  what  has  gone  before  the  pheno- 
mena described  have  been  chiefly  those  of  the  earlier  periods  of  inflam- 
mations and  hence  of  the  acute  stage.  If  an  inflammation  persists,  it 
usually  becomes  less  intense,  and  in  that  case  changes  ensue  which 
result  in  newformation  of  tissue.  It  may  be  said,  indeed,  that  most 
Chronic  inflammations  are  characterized  by  newformation.  The  new- 
formed  tissue  sometimes  exercises  an  important  function  in  serving  as  a 
bond  of  union  between  surfaces  which  have  been  separated,  but  it  is 
very  frequently  of  no  such  beneficial  character. 

The  Granulating  Wound,  with  its  subsequent  development  into  the 
cicatrix,  may  be  taken  as  a  type  of  the  inflammatory  newformation. 
A  gTaniUating  wound  forms  a  red,  somewhat  irregular  surface,  and 
consists  of  a  highly  vascular  tissue.  Under  the  microscope,  the  tissue 
consists  principally  of  round  cells  embedded  in  a  fine  reticulum,  and  per- 
meated by  abundant  blood-vessels  which  form  loops  towards  the  surface. 
(See  Fig.  23.)  If  the  wound  be  of  some  duration,  there  are,  besides  round 


Fig.  23. — Vessels  of  a  eranulating  wound  injected.  (Billroth.) 

cells,  spindle-shaped  ones,  and  sometimes  large  giant  cells.  Indeed,  in 
the  deeper  layers,  one  commonly  observes  layers  of  spindle-cells.  (See 
Fig.  24.) 

On  careful  examination  the  round  cells  of  the  granulating  wound  are 
seen  to  be  of  two  kinds,  namely,  leucocytes  (Fig.  25,  a  and  a),  many  of 
which  show  the  usual  divided  nucleus,  and  larger  cells  with  single 
large  oval  nuclei  {b  b).  These  latter  somewhat  resemble  epithelial  cells 
and  are  hence  called  Epithelioid  cells.  As  they  are  concerned  in  the 
further  development  into  connective  tissue  they  are  sometimes  called 
Fibroblasts  or  Formative  cells.    Sometimes  the  formative  cells  enlarge 
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greatly  and  acquire  many  nuclei,  thus  taking  the  characters  of  giant 
cells  (cj). 

According  to  the  observations  of  Ziegler,  which  were  made  by  intro- 
ducing into  the  living  tissues  small  glass  slides  cemented  together,  so  as 

to  leave  capillary  spaces  between,  into  which 
the  new-formed  tissue  grew,  the  epithelioid 
cells  are  concerned  in  the  further  develop- 
ment of  the  tissue.  The  foreign  bodies 
introduced  set  up  inflammation.  In  about 
five  days  the  formative  cells  made  their 
appearance.  They  are,  like  pus-corpuscles, 
contractile,  but  their  movements  are  slow. 
These  cells  elongate  and  become  spindle- 
shaped  (see  Fig.  25),  forming  the  large 
spindles  seen  in  granulating  wounds. 

The  formation  of  the  fibrous  intercellular 
substance  is  rather  diflScult  to  follow.  Ac- 
cording to  Ziegler,  the  protoplasm  of  the 
formative  cells  becomes  fibrillated,  but  in 
many  cases  the  appearances  are  suggestive 
rather  of  a  process  of  secretion  or  formation 
around  the  cells.    The  conditions,  in  fact,  sometimes  closely  resemble 


Fig.  24.  —  Semidiagrammatic 
st'otion  of  a  granulating  wound. 
X  85. 


Fig.  25.— Granulation  ooUa.  a  and  a,  leucocytes  ;  /.,  b,  various  formative  cells ;  c,  for- 
mative cell  with  two  nuclei  ;  C|,  witli  many  nuclei ;  d,  d,  d.  Formative  colls  developing 
connective  tissue ;  t,  complete  coiiuective  tissue,  x  500,  Picroearmine  preparatiou. 
(Ziegler.) 

what  is  seen  in  the  normal  development  of  bone,  in  which  the  osteo- 
blasts surround  themselves  with  zones  of  osseous  matrix.    The  result 
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is  the  formation  of  a  properly  organized  connective  tissue,  and  this, 
when  the  process  has  involved  the  entire  granulation  wound,  forms 
the  cicatrix. 

The  origin  of  the  fibroblasts  was  asserted  by  Ziegler  and  others  to 
be  from  leucocytes.  It  was  stated  that  these  enlarged,  or  two  or  more 
coalesced,  and  so  formed  the  epithelioid  cells.  It  may  be  that  to  some 
extent  they  have  such  an  origin,  but  there  is  evidence  that  the  fixed 
cells  of  the  connective  tissue  are  engaged  in  -the  process  of  newforma- 
tion,  and  it  is  probable  that  they  alone  are  the  essential  agents.  These 
cells  have  been  observed  in  inflammatory  newformations  to  be  engaged 
in  the  process  of  karyomitosis  or  karyokinesis,  which  is  observed  in 
cells  which  are  undergoing  multiplication,  and  is  evidence  of  active 
iiewformation.  From  what  has  already  been  mentioned  at  page  131  it 
will  appear  that  fixed  cells  of  various  kinds  may  give  origin  to  con- 
tractile cells,  which  are  indistinguishable  from  leucocytes.  It  may  also 
be  regarded  as  supporting  the  view  that  the  existing  connective  tissue 
is  the  essential  source  of  that  which  is  new-formed,  that  undoubtedly 
the  blood-vessels  are  always  produced  from  existing  vessels. 

The  Newformation  of  blood-vessels  takes  place  by  a  process  of 
sprouting  or  budding  from  the  existing  vessels.  The  protoplasm  of 
one  of  the  cells  in  the  wall  of  a  small  artery  or  capillary  protrudes  out- 
ward, like  a  bud,  and  extends  to  a  neighbouring  vessel,  or  to  a  corre- 
sponding process  from  another  vessel.  In  this  way  solid  arches  (see 
Fig.  26)  are  formed  which  increase  in  thickness.  The  vessels  are  formed 


Fig.  26.— Newformation  of  blood -vosseh  in  a  gramilating  wound.   (After  AiiNom.) 


by  the  tunnelling  of  these.  It  has  been  asserted  that  the  tunnelling  takes 
place  by  the  conversion  of  some  of  the  proto^Dlasm  into  red  corpuscles  in 
a  manner  similar  to  that  which  occurs  in  the  original  formation  of  vessels 
in  the  embryo,  but  this  is  very  doubtful.  According  to  Thiersch  blood- 
vessels may  be  formed  by  a  process  of  channelling  among  the  cells.  The 
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wall  of  the  vessel,  infiltrated  and  softened  by  the  inflammation,  allows 
the  blood  plasma  to  jjass  out,  and  this  forms  canals  which  widen  and 
admit  the  blood-corpuscles. 

Bone  and  cartilage  are,  histologically,  forms  of  connective  tissue,  and 
they  arc,  in  pathological  processes,  to  some  extent  interchangeable  -with 
ordinary  connective  tissue.  Hence  in  inflammatory  newformations  we 
may  have,  according  to  circumstances,  these  tissues  produced  along  with 
or  instead  of  connective  tissue.  This  applies  more  particularly  to  in- 
flammations in  connection  with  bone.  In  fractures,  for  example,  the 
so-called  callus  is  composed,  in  many  cases,  of  all  three  tissues. 

The  Newformation  of  epithelium  is  an  essential  part  of  the  process 
of  the  conversion  of  a  granulating  wound  into  a  cicatrix.  This  occiu-s 
by  the  process  of  karyomitosis,  the  existing  epithelium  furnishing  the 
new  cells.  Hence  this  part  of  the  process  occurs  usually  at  the  margins 
of  the  wound,  and  will  only  take  place  in  the  midst  of  the  wound  if  epi- 
thelial structures,  such  as  hair  follicles  or  glands,  survive  there.  A  certain 
limited  amoeboid  movement  is  asserted  by  which  the  young  eiiitheliuni 
passes  into  its  proper  place.  The  newly-formed  epithelium  is  trans- 
lucent and  delicate,  so  that  the  granulations  beneath  show  their  coloiu' 
through  it.  The  epithelium  remains  somewhat  translucent,  like  that  of 
the  stratum  lucidum  of  the  epidermis,  and  there  is  not  a  formation  in 
the  cicatrix  of  a  proper  malpighian  layer.  Living  epithelium  may  be 
transplanted  from  a  distant  part  or  from  another  person,  to  the  surface 
of  a  wound,  where  it  may  multiply.  (See  further  on,  imder  Trans- 
plantation.) 

In  all  other  inflammatory  newformations  the  process  is,  in  its 
elements,  similar  to  that  just  described.  For  newformation  to  occur 
the  inflammation  must  be  prolonged  for  a  considerable  time,  and  it 
must  not  be  too  severe,  hence  usually  a  chronic  inflammation.  As  it  is 
connective  tissue  which  is  chiefly  concerned  in  this  process,  the  result 
is,  in  most  cases,  an  increase  of  existing  connective  tissue,  which  takes 
the  form  of  thickenings  of  membranes,  induration  of  organs,  etc.  In 
such  cases  the  process  does  not  go  through  such  definite  stages  as  in 
the  case  of  the  granulating  -wound,  but  the  various  steps  are  present 
side  by  side.  The  tissue  shows  leucocytes,  formative  cells,  and  fully- 
formed  connective  tissue. 

Foreign  bodies,  or  dead  pieces  of  tissue,  frequently  give  rise  to 
inflammatory  newformation.  If  a  foreign  body  be  introduced  among 
the  living  tissues,  if  not  very  virulent  in  its  own  nature,  it  sets  up  a 
mild  chronic  inflammation,  with  the  result  of  ])roducing  a  A-ascular 
rudimentary  tissue  like  granulations.  If  the  foreign  body  be  ])crmeablp 
by  this  tissue,  then  the  granulations  Avill  grow  into  it,  and,  as  it  were, 
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devour  it,  rophicing  it  first  l)y  their  own  rudimentary  tissue,  which 
:ifter\viinls  gives  place  to  connective  tissue.  As  this  connective  tissue  is 
comparatively  small  in  bulk,  and  tends  to  contract  more  and  more,  the 
result  of  the  whole  process  is  an  absorption  of  the  foreign  or  dead 
substance  and  the  gradual  disappearance  both  of  it  and  of  the  tissue 
which  has  replaced  it.  But  if  the  foreign  body  is  not  permeable,  or  only 
partially  so,  then  the  inflammation  residts  in  the  production  of  a  layer 
of  connective  tissue  around  it,  and  so  the  body  becomes  encapsuled. 

Many  instances  of  this  might  be  given.  If  a  piece  of  dead  animal 
tissue  be  introduced  into  the  body,  as,  for  instance,  a  piece  of  liver 
previously  hardened  in  chromic  acid  solution,  or  a  piece  of  prepared 
catgut  used  to  ligature  a  vessel,  then  the  dead  tissue  is  first  replaced  by 
rudimentary  tissue  which  gradually  shrinks  away.  Again,  if  a  piece 
of  a  tissue  or  organ  dies,  then  if  severe  inflammation  is  kept  off,  it  is 
replaced  by  rudimentary  tissue  and  absorbed.  In  fractures  of  bones  it 
often  happens  that  a  piece  is  entirely  separated  and  dies.  Such  a  piece 
of  bone  may  lie  exposed  in  the  wound  in  a  compound  fracture,  and  it 
has  frecpiently  been  seen  how  it  has  been  eaten  into  by  the  granulations 
and  absorbed  by  them. 
M  The  encapsuling  of  foreign  bodies  is  frequently  seen.  A  parasite 
such  as  the  trichina  or  echinococcus  obtains  a  connective  tissue  capsule. 
Dead  material  in  the  body  which  is  not  permeable  by  the  granulations 
is  similarly  treated,  such  as  dried-in  inflammatory  products,  which  have 
formed  first  a  caseous  and  then  a  calcareous  mass.  We  frequently 
find  such  calcareous  material  surrounded  by  a  fibrous  capsule  in  the 
lungs  and  elsewhere. 

IV.— THE  ISSUES  OF  INFLAMMATION. 

The  manner  in  which  inflammations  conduct  themselves  till  their 
ronclusion,  and  the  results  which  remain,  have,  to  a  large  extent,  been 
explained  in  what  has  gone  before.  We  have  here  liriefly  to  gather  up 
the  facts  and  bring  them  into  relation. 

1.  Resolution,  or  Restitutio  ad  integrum. — These  terms  are  apjilied 
to  the  subsidence  of  the  inflammation  and  a  restoration  of  the  parts  to 
their  previous  normal  condition.  This  can  scarcely  take  place  except  in 
acute  inflammations,  as  the  occurrence  of  newformation  constitutes  a 
more  or  less  jjei-manent  lesion.  In  the  case  of  acute  inflammations,  as 
•soon  as  the  irritant  ceases  to  act,  the  phenomena,  so  far  as  the  blood- 
vessels are  concerned,  will  soon  cease,  and  there  will  remain  to  be 
disposed  of  the  exudation  and  the  altered  tissues.  The  exudation, 
so  far  iis  it  consists  of  serous  fluid  and  leucocytes,  is,  as  a  rule,  readily 
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absorbed.  It  is  generally  placed  so  as  to  be  in  immediate  communica- 
tion with  the  lymphatics,  and  the  leucocytes,  by  their  own  movement 
may  pass  into  these.  Where  absorjition  is  not  so  readily  eftected,  the 
cells  frequently  undergo  fatty  degeneration,  and  this  applies  to  other 
cells  besides  leucocytes,  which  may  be  in  the  exudation.  Cells  which 
have  undergone  fatty  degeneration  readily  disintegrate,  and  the  result- 
ing fatty  matter  is  easily  absorbed  as  a  general  rule.  In  like  manner, 
the  fibrinous  exudation  may  undergo  fatty  degeneration,  or  othermse 
disintegrate  and  undergo  absorption. 

2.  Adhesion  of  inflamed  surfaces  is  a  frequent  result  of  newforraa- 
tion.  In  the  case  of  the  granulating  wound,  if  two  granulating  surfaces, 
such  as  the  flaps  of  a  stump,  be  brought  together,  they  coalesce,  and  the 
two  layers  ultimately  form  a  single  bond  of  union,  the  cicatrix.  It 
is  similar  elsewhere.  The  inflamed  surfaces  of  pleura,  pericardium, 
peritoneum,  etc.,  commonly  coalesce  and  form  permanent  adhesions, 
composed  of  connective  tissue.  By  means  of  these  adhesions  the  blood- 
vessels of  the  two  surfaces  will  communicate,  and  the  adhesion  wiW  be 
a  permanent  one,  the  cavity  being  obliterated  so  far  as  adhesion  has 
occurred.  There  may  be,  in  some  cases,  a  regeneration  of  tissue  which 
may  have  been  lost,  but  this  is  generally  imperfect.  (See  under  Re- 
generation.) 

3.  Induration  is  a  frequent  result  when  the  connective  tissue  of  an 
organ  or  considerable  piece  of  tissue  is  affected  by  chronic  inflammation. 
The  new-formed  connective  tissue,  like  that  of  the  cicatrix,  is  dense  and 
tends  to  shrink.  Hence  the  structui'es  are  rendered  more  dense  and 
processes  result  which  are  sometimes  designated  by  the  term  Sclerosis. 

4.  Necrosis,  or  death  of  a  portion  of  tissue,  is  a  frequent  issue  of  acute 
inflammation.  The  dead  jjiece  of  tissue  may  be  absorbed  in  the  manner 
already  referred  to,  or  it  may  be  discharged  as  a  slough. 


v.— THE  FOEMS  OF  INFLAMMATION. 

We  have  had  occasion  already  to  notice  that  the  various  phenomena 
of  inflammation  are  not  always  present  in  every  case,  and  one  or  other 
of  them  may  be  so  pronounced  as  to  give  its  character  to  the  inflamma- 
tion. Hence,  names  have  been  given  according  as  the  inflammation 
shows  certain  special  characters.  It  may,  however,  be  remarked  that 
hypergemia  is  a  nearly  constant  accompaniment  of  inflammation,  and 
in  slight  acute  inflannnations  it  may  be  almost  the  only  phenomenon. 
Exudation  is  also  of  almost  constant  occurrence.  Indeed,  in  the  ex- 
amination of  the  tissues  after  death,  the  presence  of  leucocytes  or 
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round  cells  is  often  the  most  definite  evidence  of  the  existence  of 
ivn  inflammation. 

In  the  various  forms  of  inflammation  now  to  be  mentioned,  it  is  not 
to  be  supposed  that  a  classification  of  inflammations  is  attempted. 
These  are  merely  names  in  current  use  which  call  for  explanation. 

1.  Parenchymatous  inflammation  is  a  term  introduced  by  Virchow 
to  indicate  that  the  inflammation  aff'ects  mainly  the  tissue  elements. 
It  is  characterized  by  cloudy  swelling  and  fatty  degeneration  of  the 
structures.    It  has  been  referred  to  at  p.  134. 

2.  Interstitial  inflammation  is  almost  the  converse  of  the  former. 
In  it  the  inflammation  aff'ects  chiefly  the  connective  tissue,  which  forms 
the  supporting  stroma  of  organs.  In  acute  inflammations  there  will  be 
an  infiltration  of  the  connective  tissue  with  leucocytes,  and  in  some 
cases  this  may  be  so  intense  as  to  give  rise  to  infiltration  of  pus.  In 
chronic  inflammations  there  will  be  newformation  of  tissue,  usually 
resulting  in  induration.  A  frequent  consequence  of  chronic  interstitial 
inflammation  is  atrophy  of  the  proper  parenchyma  of  the  organ,  pro- 
duced by  the  shrinking  of  the  new-formed  tissue,  partly  acting  directly 
on  the  parenchyma  and  partly  compressing  the  blood-vessels. 

3.  Suppurative  inflammation. — From  what  has  gone  before  it  will 
appear  that,  for  the  most  part,  it  is  in  intense  inflammations  produced 
by  virulent  microbes  that  suppuration  will  occur.  Phlegmonous 
inflammation  is  a  very  acute  inflammation  accompanied  by  suppuration 
and  necrosis.  It  is  usually  applied  to  such  inflammations  of  the  skin 
and  subcutaneous  tissue,  of  which  erysipelas  affords  the  best  example. 

4.  Infective  inflammations  imply  the  presence  of  microbes,  which  by 
their  multiplication,  produce  an  extension  of  the  inflammation  from  its 
original  seat.  The  infection  usually  extends  locally  by  means  of  the 
serous  spaces  and  lymphatics  (as  in  erysipelas),  or  it  may  be  carried  by 
the  blood  to  distant  parts,  and  produce  inflammations  by  metastasis. 
(See  under  Infective  Embolism.)  The  infective  inflammations  are  mostly 
suppurative. 

5.  Ulcerative  inflammation.  Ulceration. — These  terms  imply  necrosis 
or  loss  of  tissue,  generally  of  a  progressive  character.  The  loss  of  tissue 
may  be  rapid,  and  involve  the  formation  of  visible  sloughs,  or  it  may 
be  gradual,  a  molecular  necrosis,  the  dead  particles  being  absorbed 
or  removed  in  the  exudation.  These  resvilts  are  produced  by  ver}^ 
intense  irritants,  and  the  inflammations  are  usually  of  an  infective  and 
suppurative  character.  While  ulceration  expresses  the  process  of  pro- 
gressive destruction  of  tissue,  the  ulcer  is  the  open  exposed  gap  in  the 
tissue.  If  the  ulceration  pauses,  then  the  ulcer  becomes  covered  with 
granulations  and  is  converted  into  a  granulating  wound. 
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SECTION  VI. 
KETROGRADE  CHANGES. 

Necrosis  caused  hy  direct  injuri/,  by  obstruction  of  arteries,  spasm  of  arteries, 
obstruction  of  veins,  nervous  influences,  assisted  by  iveahness  of  the  heart.  Forms 
of  necrosis  determined  chiefly  by  inflammation  and  ■putrefactive  changes. 
Various  foi'nis  of  rja7i[/rene ;  coac/iilatiou-necrosis  cmd  caseation.  Issues  of 
necrosis.  Simple  atrophy,  its  physiological  type.  General  and  local  atrophy. 
Albuminous  infiltration,  also  in  general  and  local  forms.  Fatty  degen- 
eration, a  transformation  of  nitrogenous  principles.  General  and  local  forms. 
Characti  r  of  lesion  and  results.  Fatty  infiltration,  in  connective  tissue  ;  in 
the  liver.  Pathological  pigmentation — Origin  of  pigment.  Alterations  oj 
physiological  pigmentation  ;  pigmentation  from  inflammation  and  hcemorrhage  ; 
melamemia ;  icterus,  hepatogenous  and  hicmatogenous ;  pigmentation  in. 
tumours  and  from  ivithout ;  2^i9'>nentary  atrophy.  Amyloid  degeneration — 
Causation  and  nature  of  process  :  changes  in,  tissues  and  seat ;  local  amyloid 
degeneration  ;  corpora  amylacea.  Mucou.s,  colloid,  and  hyaline  degen- 
erations. C.\LC.-VRE0US  infiltration,  mainly  ill  dead  or  obsolete  Structures  ; 
characters  and  efl'ects. 

TENDER  this  designation  are  included  a  number  of  conditions,  all  of 
^  Avhicli  imply  a  degradation  of  the  nutritive  processes  in  the 
tissues.  As  the  cells  are  concerned  iri  the  nutrition  of  the  tissues,  it  is 
for  the  most  part  these  which  are  at  fault,  although  it  may  be  that  in 
some  cases  the  most  manifest  visible  changes  are  not  in  them.  The 
most  extreme  case  is  where  the  nutrition  ceases  altogether,  and  the 
stracture  dies.  Short  of  that,  we  have  various  lesions  manifesting 
themselves.  Thus  there  is  a  simple  diminution  of  the  vitality,  and  the 
structures  dwindle.  Again,  the  chemical  constituents  of  the  structures 
change,  splitting  up,  it  may  be,  into  more  elementary  pi'inciples.  Or 
the  tissues  are  unable  to  prevent  the  deposition  in  them  of  extraneous 
material,  which  is  thus  infiltrated  into  them.  These  last  are  called 
infiltrations,  whereas  the  conditions  in  which  there  is  a  degradation  of 
the  normal  constituents  into  lower  chemical  substances  are  designated 
degenerations. 
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NECROSIS:  GANGRENE:  MORTIFICATION. 

The  term  Necrosis  is  equivalent  to  local  death  of  ti.ssue,  and  includes 
all  forms  of  lesion  in  which  a  part  of  the  body  loses  its  vitality. 
Gangrene  has  a  more  limited  significance,  being  applied  chiefly  to 
cases  in  which  the  necrosis  is  accompanied  by  putrid  decomposition  of 
the  part,  and  especially  to  death  of  considerable  portions  of  the  external 
parts  of  the  bodj^  Mortification  has  a  similar  meaning.  Sloughing 
is  the  death  and  separation  by  ulceration  of  smaller  parts  of  the  soft 
external  tissues.  Sphacelus  has  a  similar  significance.  Necrosis  is 
sometimes  used  in  the  limited  sense  of  death  of  bone  or  cartilage. 

I.  Causes  of  necrosis. — An  agent  may  cause  necrosis  bj-  acting 
directly  on  the  tissues,  or  may  do  so  indirectly  by  interfering  with 
their  blood-supply  or  innervation. 

Instances  of  Direct  action  are  aff"orded  by  chemical  agents,  by 
traumatic  action,  and  by  extremes  of  temperature. 

Chemical  agents,  such  as  strong  acids  or  alkalies,  destro}^  the 
vitality  of  the  tissues  by  their  direct  action,  and  they  sometimes 
dissolve  the  tissues  at  the  same  time.  Necrosis  is  a  very  frequent 
result  of  the  action  of  microbes,  and  this  eff"ect  is  produced  by  the 
chemical  principles  evolved  by  these.  The  products  of  ordinary 
putrid  decomposition  may  produce  necrosis,  as,  where  decomposing 
urine  is  extravasated  into  the  tissues.  We  see  also  in  the  cases  of 
pyaemia,  erysipelas,  tuberculosis,  sy|)hilis,  diphtheria,  that  when, 
microbes  settle  in  the  tissues  and  multiply,  they  commonly  give  rise 
to  necrosis  when  acting  in  a  concentrated  form.  The  chemical  products 
concerned  are  presumably  animal  alkaloids.  (See  under  Ptomaines, 
further  on.) 

Traumatic  action,  besides  its  direct  effect  in  injuring  the  tissues, 
will  produce  necrosis  more  frequently  by  obstructing  or  rupturing  the 
vessels. 

Extremes  of  heat  or  cold  produce  necrosis,  partly  by  affecting  the 
living  structures  directly,  and  partly  by  their  effect  on  the  vessels. 
The  ear  of  a  rabbit  immersed  in  water  heated  to  130°  to  136°  F.,  or  in 
a  freezing  mixture  reduced  to  about  0°  F.,  suffered  necrosis  even  when 
the  immersion  was  for  a  very  short  time.  If  the  tempei'ature  was  less 
extreme  a  short  immersion  produced  intense  inflammation,  and  a  longer 
immersion  produced  necrosis.  (Cohnheim.) 

Pressure  on  a  part  produces  necrosis  M'hen  long  continued, 
and  it  docs  so  chiefly  by  emptying  the  vessels,  and  especially  the 
capillaries.  Pressure  from  within  is  exemplified  in  the  case  of  abscesses 
and  tumours  which  advance  to  the  surface  and  cause  sloughing  of  the 
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skill.  Hxternal  jji-essure  is  seen  to  produce  necrosis  in  the  case  of  bed- 
sores, or  where  bandages  or  splints,  hy  jiressing  on  a  bonj'  prominence, 
cause  sloughing  of  the  skin  over  it. 

Obstruction  of  arteries  is  a  frequent  cause  of  necrosis.  As  the 
nutrition  of  the  tissues  depends  on  the  capillary  circulation,  obstruction 
in  an  artery  will  scarcely  produce  necrosis,  unless  it  brings  about  ii 
complete  stasis  in  the  capillaries.    (See  under  Embolism.) 

Besides  obstruction  of  arteries  by  embolism,  there  is  very  frequently 
a  partial  interference  with  their  calibre  as  a  result  of  atheroma,  especi- 
ally when  thrombosis  is  superadded.  In  senile  gangrene  there  is 
always  atheroma  of  the  arteries  of  the  lower  limb,  and  this  even  -wathout 
complete  obstruction  may  be  the  cause  of  the  gangrene,  although 
weakness  of  the  heart  and  of  the  tissues  resulting  from  old  age  may 
contribute.  Softening  of  the  brain  in  old  people  is  similarly  jaroduced 
from  atheroma.  These  softenings  are  frequently  in  the  cortex  of  the 
brain,  and  lead  as  much  to  weakness  of  mind  as  to  motor  paralysis, 
whereas  softening  from  embolism  is  usually  central,  and  leads  to  more 
definite  paralysis. 

Spasm  of  arteries  is  an  occasional  cause  of  gangrene  as  in  Raynaud's 
disease  (see  p.  63).  It  has  also  been  assigned  as  the  cause  of  gangrene 
in  poisoning  with  Ergot  of  Rye.  In  former  days  there  used  to  be 
epidemics  of  Avhat  is  now  recognised  as  Ergotism  from  eating  bread 
made  with  grain  in  which  ergot  was  present.  The  symptoms  consisted 
of  lesions  of  sensation  and  violent  cramps,  followed  by  redness  of  the 
skin,  and  sometimes  culminating  in  necrosis  of  the  tips  of  the  fingers 
and  toes,  or  of  the  nose  and  ears.  This  result  is  ascribed  by  some  to 
.si)asm  of  the  arteries,  a  view  which  is  confirmed  by  an  observation  of 
Recklinghausen,  who  found  by  experiment  in  fowls  that  under  the 
influence  of  ergot  the  arterioles  of  the  cock's  comb  and  of  the  tongue 
showed  a  violent  and  persistent  contraction,  during  which  thrombosis 
occurred,  obstructing  or  occluding  their  calibre.  Besides  this  action  oji 
the  vessels,  the  poison  may  have  a  directly  poisonous  effect  on  the 
tissues,  and  the  necrosis  may  be  further  assisted  by  the  injury  to  which 
an  anaesthetic  part  is  exposed. 

Obstruction  of  veins  seldom  produces  necrosis,  as  these  vessels 
anastomose  so  freely  that  stasis  in  the  capillaries  will  rarely  occur.  It 
takes  place,  however,  when  a  piece  of  intestine  is  incarcerated  in  a 
sac  with  a  narrow  neck,  as  in  a  strangulated  hernia,  in  which  case  gan- 
gi'ene  is  frequent.    Even  extensive  thrombosis  may  lead  to  gangrene. 

Nervous  influences  frequently  contribute  to  the  production  of  necrosis. 
Lesions  of  the  perijtheral  nerves,  the  spinal  cord  and  brain,  are  some- 
times followed  so  rapidly  by  the  formation  of  sloughs  in  parts  of  the 
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body  exposed  to  pressure  in  lying  in  bed,  that  the  term  Acute  bedsore, 
or  Acute  decubitus,  has  been  api)lied.  This  has  been  ascribed  to  the 
primary  lesions  affecting  the  trophic  nerves,  but  it  remains  doubtful 
to  what  extent  the  immobility  of  the  patient,  his  constant  retention 
of  the  same  posture,  and  the  alteration  in  the  circulation,  may  account 
for  the  necrosis  without  calling  in  the  action  of  trophic  nerves. 

A  similar  difficulty  exists  as  to  the  necrosis  in  Anaesthetic  leprosy. 
Here  the  affected  parts  are  devoid  of  feeling  and  the  vaso-motor  nerves 
are  implicated,  hence  the  parts  are  more  exposed  to  injury  and  to 
variations  in  temperature,  which  are  not  compensated  by  alterations  in 
the  circulation. 

In  all  forms  of  necrosis  Weakness  of  the  heart  may  exercise  an  in- 
fluence, and  in  some  cases  it  may  even  be  the  main  element.  In 
extreme  cases  of  general  weakness,  and  in  some  cases  of  specific  fever, 
there  may  be  necrosis  of  the  extremities  partly  due  to  weakness  of  the 
heart  and  partly  to  alteration  in  the  constitution  of  the  blood. 

The  various  tissues  comport  themselves  somewhat  differently  in  relation  to  the 
causes  of  necrosis,  or  in  other  words  they  are  in  different  degrees  able  to  survive  a 
deprivation  of  blood.  For  example  Litten  found  that  if  he  ligatured  the  renal 
artery  in  a  rabbit  for  1^  to  2  hours  and  then  removed  the  Ugature,  the  circulation 
was  perfectly  restored,  and  the  blood-vessels  and  connective  tissue  survived ;  while 
the  epithelium  of  most  of  the  convoluted  tubules  underwent  necrosis.  Ehiiich  and 
Brieger  found  that  a  suspension  for  one  hour  of  the  circulation  in  the  lumbar  pari 
of  the  spinal  cord,  caused  necrosis  of  the  grey  substance,  while  the  white  substance 
Avas  not  affected.  Muscle  seems  also  pecuUarly  sensitive  to  deprivation  of  blood. 
Thus  in  embolism  of  the  coronary  artery  of  the  heart  the  muscular  fibres  will  die 
before  the  circulation  can  be  re-established,  while  the  connective  tissue  survives. 
In  this  relation  skin,  bone,  and  connective  tissue  possess  great  powers  of  resistance, 
while  nervous  tissue,  muscle  and  the  secreting  tissue  of  glands  are  more  vulnerable. 

The  tissues  again  may  be  rendered  unduly  susceptible  of  necrosis.  Anwmia  and 
passive  hyperfemia  render  the  tissues  more  vulnerable.  Diabetes  has  a  similar 
effect ;  boils  and  carbuncles  are  common  in  that  disease,  and  slight  injuries  are  liable 
to  go  on  to  necrosis.  Again  children  who  are  in  extreme  states  of  inanition,  especi- 
ally after  acute  fevers,  are  liable  to  Cancrum  oris  or  Noma  in  which  extensive  necrosis 
of  the  soft  parts  in  the  neighbourhood  of  the  mouth  occurs. 

II.  Forms  of  necrosis,  and  changes  in  the  tissues.— The  changes 
which  the  dead  tissues  undergo  vary  considerably  according  to  circum- 
stances, and  the  resulting  appearances  are  so  different  that  special 
names  are  given  and  forms  described  according  to  the  appearances  pre- 
sented. From  what  has  gone  before,  it  will  appear  that  inflammation 
frequently  goes  along  with  necrosis  ;  the  two  are  sometimes  produced 
simultaneously  by  the  same  cause,  or  the  dead  structures  may  in  them- 
selves, or  by  the  products  evolved  by  them,  produce  inflannnation. 

The  circTunstances  which  determine  the  form  which  the  necrosis  will 
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;i3sume  are  chiefly  these — the  position  of  the  dead  structure,  whether 
internal  or  external,  whether  protected  from  the  access  of  air  or  not ; 


Fig.  27.— Formation  of  a  pyajmic  abscess  in  the  kidney.  Section  stained  witli  aiiiline 
brown.  The  necrosed  portion  a  shows  no  structore  and  is  not  stained.  The  siinounding 
inflamed  area  (Ij,  b,  b)  is  deeply  stained. 


the  presence  or  absence  of  acute  inflammation;  the  bulk  of  the  dead 
piece;  its  structure  and  chemi- 
cal constitution.  The  most 
important  circumstance  is 
whether  putrefactive  changes 
occur  or  not.  Dead  pieces 
of  tissue,  like  all  dead  animal 
matter,  are  liable  to  decom- 
position under  the  influence 
of  microbes.  In  most  cases 
of  necrosis  in  external  parts 
and  in  the  lungs,  the  air 
finding  access  carries  with  it 
the  microbes  concerned  in 
these  processes,  and  putrefaction  is  the  result.  I  n  this  case  the  term 
gangrene  is  usually  applied. 


Fig.  2.S. — Capillary  blood-vessel  (/<)  in  kidney  filled 
with  nilcrooocGl,  from  a  case  of  pyionila.  Thurc  is  a 
tuhule  on  either  side  («,  a),  the  nnclel  of  which  are 
visible  exeeijt  in  the  nelghlionrhuod  of  the  capillivry. 
X  050. 
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Til  most  cases  of  necrosis  the  j^rocess  is  characterized  by  the  disap- 
pearance of  the  nuclei  of  the  cells.  In  Fig.  27,  for  example,  necrosis 
of  a  portion  of  the  kidney  has  occurred  by  embolism  of  a  small  artery. 
The  section  has  been  stained  so  as  to  bring  out  the  nuclei  of  cells,  but 
the  dead  portion  in  the  centre  has  no  nuclei.  In  Fig.  28  also,  necrosis 
of  the  renal  epithelium  has  occurred  in  consequence  of  the  presence 
of  microbes  in  a  capillary,  and  it  is  seen  that  the  nuclei  haA^e  dis- 
appeared. 

1.  Dry  gangrene  or  Mummification.— These  terms  are  applied  in  the 
case  of  external  parts,  when  the  circumstances  are  such  that  there  is 
little  moisture  in  the  parts.  Hence  it  will  not  occxu'  where  acute  in- 
flammation precedes  or  accompanies  the  process.  It  is  mostly  met  mth 
in  cases  of  embolism  or  other  obstruction  of  the  arteries,  and  is  char- 
acteristic of  senile  gangrene  and  of  Raynaud's  disease.  The  part 
undergoes  a  gradual  deepening  of  colour  ;  at  first  merely  li^dd,  it  passes 
into  purple,  deep  blue,  and  even  black.  This  is  due  to  the  fact  that 
the  blood-pigment  is  dissolved  out  and  stains  the  tissues,  which  deepen 
in  colour  as  the  pigment  becomes  concentrated  by  drying.  The  cuticle 
generally  gets  raised  by  the  accumulation  of  a  red  fluid  beneath  it,  and 
bullEe  are  formed.  If  the  cuticle  separates,  evaporation  is  accelerated. 
The  part,  which  is  usTially  the  extremity  of  the  lower  limb,  gradually 
shrinks,  and  is  converted  into  a  hard  black  mass,  often  with  a  mouldy 
smell.  In  dry  gangrene  there  is  jDUtrid  decomposition,  but  as  thevf 
is  a  deficiency  of  fluid  this  occurs  to  a  subordinate  degree. 

2.  Moist  gangrene.  Sphacelus,  Sloughing.— In  the  conditions  desig- 
nated by  these  names,  putrid  decomposition  plays  a  prominent  part,  and 
the  tissues  are  separated  in  a  softened  condition.  Moist  gangrene  is  the 
condition  where  a  considerable  portion  of  the  body  has  died  and  is 
undergoing  separation.  It  is  well  seen  in  cases  where  a  portion  of  the 
leg  has  died  in  consequence  of  injury.  The  parts  which  were  at  first 
hot,  red,  and  painful,  become  mottled  with  Ijrown,  blue,  and  black,  and 
the  surface  often  presents  blisters.  The  part  becomes  cold  and  darker 
except  at  the  margin,  where  a  dusky  red  line  of  demarcating  inflamma- 
tion appears.  The  tissues  are  universally  stained  with  blood-pigmeut, 
the  cuticle  gives  way  and  putrescence  advances,  causing  breaking  doAvn 
of  the  tissues,  which  are  separated  in  all  stages  of  softening,  the  more 
resistant  tissues  such  as  bone  and  cartilnge  retaining  their  form.  The 
])art  exhales  a  strong  odovir,  and  its  juices  contain  fluid  fat,  phosphates, 
extractives,  as  well  as  multitudes  of  microbes. 

3.  Desiccation  without  putrescence  — This  is  somewhat  similar  to 
dry  gangrene,  except  that,  occurring  in  internal  parts,  there  is  no 
decompofsition.     The  jmrt  simi)ly  dries  in  and  shrivels.    The  most 
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striking  example  of  this  is  afforded  by  extra-uterine  pregnancy,  in 
which  the  foetus  after  its  death  is  retained  in  the  abdomen  of  the 
mother.  It  may  remain  for  many  years  simply  thying  in  and  getting 
encased  in  a  capsule,  which  becomes  impregnated  with  lime  salts. 
Virchow  in  a  case  of  this  kind  found  muscle,  connective  tissue,  and 
vessels  still  recognizable  after  twenty  years.  In  twin  pregnancies 
also,  one  of  the  foetuses  may  die  at  an  early  period,  but,  being  retained,  it 
is  born  along  with  the  other  in  the  form  of  a  dry  flattened  object. 

4.  Softening  without  putrescence,  Colliquifaction. — This  is  almost 
peculiar  to  necrosis  of  the  nervous  system  in  consequence  of  obstruction 
of  arteries.    The  process  is  accompanied  by  fatty  degeneration. 

5.  Coagulation-necrosis. — This  term  was  introduced  by  Cohnheim, 
and  the  subject  has  been  elaborated  by  Weigert.  When  necrosis  occurs 
in  internal  parts  which  are  rich  in  cells,  then  the  tissue  frequently 
becomes  converted  into  a  solid,  firmly  compacted  mass.  Weigert  com- 
pares the  process  to  the  coagulation  of  the  blood,  and  asserts  that  the 
cells  in  dying  enter  into  combination  with  the  fibrinogen  contained  in 
the  fluid  which  permeates  the  tissue.  In  order  to  this  process  the 
tissue  must  be  a  very  cellular  one,  and  an  abundant  supply  of  fluid 
must  be  j)resent.  The  embolic  infarction  in  the  spleen  and  Iddney  forms 
the  most  typical  example.  The  infarction  forms  a  stiff,  firm  wedge 
which  may  be  pale  or  may  contain  blood.  The  process  is  characterized 
by  the  disaj^pearance  of  the  nuclei  from  the  affected  structures. 

A  peculiar  change  which  occurs  in  voluntary  muscle  is  also  regarded 
l)y  Weigert  and  others  as  a  form  of  coagidation-necrosis.  This  is  the 
process  described  by  Zenker  as  waxy  degeneration  of  muscle,  which  is 
also  designated  colloid  and  hyaline  degeneration.  It  is  brought  about 
by  direct  injury  to  the  living  muscle.  It  also  occurs  in  certain  febrile 
states  where  the  temperature  runs  high,  especially  in  typhoid  fever  and 


Fig.  29.— Coagulatioii-iiocrosis  ill  muscle, 
drawing  together  at  the  ends,    x  8.-,n. 


The  sarcolemiiia  surrounds  the  coagulated  clump, 


phthisis  pulmonalis,  and  is  sometimes  seen  in  paralysed  muscles.  It 
may  be  produced  artificially  by  freezing  the  muscle  of  a  living  animal, 
or  by  injuring  it  before  the  occurrence  of  post-mortem  rigidity.  The 
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change  is  met  Avith,  in  the  human  subject,  chiefly  in  the  dia^jhragm,  the 
rectus  abdominis,  and  the  adductors  of  the  arms.  It  consists  in  a 
coagukition  of  the  contractile  substance,  the  fibre  being  converted  into 
a  homogeneous  translucent  cylinder.  The  aflfected  fibres  are  brittle, 
and  the  cylinders  get  broken  up,  often  presenting  transverse  cleavages, 
or  giving  origin  to  oval  clumps  as  in  Fig.  29. 

In  atheroma  of  arteries  there  are  often  translucent  structureless 
I^ieces  in  the  walls,  which  Weigert  also  claims  as  examples  of  coagula- 
tion-necrosis. Similarly  some  tube  casts  in  the  kidnej^  are  supposed  to 
originate  by  necrosis  and  coagulation  of  the  epithelium,  and  the  mem- 
branous exudation  in  dij)htheria  is  asserted  to  have  a  similar  origin. 

Hyaline  degeneration,  as  used  by  Recklinghausen,  to  a  large  extent 
covers  the  same  ground  as  the  coagulation-necrosis  of  Cohnheim  and 
Weigert.    (See  further  on.) 

6.  Caseous  necrosis. — This  is  a  condition  closely  allied  to  coagulation- 
necrosis.  In  the  latter  the  necrosis  occurs  for  the  most  part  suddenly 
in  structures  hitherto  unaltered,  whereas  caseous  necrosis  is  always  part 
of  another  pathological  process.  It  is  highly  characteristic  of  tuber- 
culosis, so  much  so  that  the  term  is  nearly  equivalent  to  the  older 
designation  tuberculization,  and  caseous  matter  is  ^nrtually  the  same  as 
crude  or  yellow  tubercle.  It  is  also  frequent  in  syj^hilitic  ne^vforma- 
tions.  In  all  cases  there  is  a  great  abundance  of  cells,  which  are  not 
the  normal  cells,  but  are  produced  by  exudation  or  newformation.  The 
necrosed  tissue  undergoes  a  process  of  condensation  or  coagulation, 
accompanied  by  fatty  degeneration,  the  result  being  a  somewhat  dense 
brittle  matter,  which  has  been  compared  to  cheese. 

In  its  microscopic  details  the  i:)rocess  involves  a  complete  obscuration 
of  structure.  The  nuclei  disappear  as  in  coagulation-necrosis,  and  the 
presence  of  abundant  fine  fat  granules  renders  the  structure  verj- 
opaque  and  homogeneous.  As  the  necrosis  involves  not  only  the  new- 
formed  cells,  but  the  tissue  in  which  they  are  seated,  the  result  is  a 
disappearance  of  the  details  of  the  tissue,  sometimes  to  such  an  extent 
as  to  render  the  structure  difficult  of  identification. 

III.  The  issues  of  necrosis. — In  many  cases  the  necrosis  limits 
itself  at  once,  the  agent  which  produced  it  having  acted  once  for  all. 
It  only  remains  to  dispose  of  the  dead  structures.  In  other  cases  the 
limitation  does  not  take  place  so  directlj^,  and  the  formation  of  a  line  of 
demarcation  is  anxiously  looked  for.  This  is  fi'equcntly  the  case  in 
traumatic  necrosis  Avhere  it  may  for  some  time  be  doubtful  to  what 
extent  the  tissiies  have  lieen  injTired  bej'ond  recover^^  The  co-exist- 
enco  of  inflammation,  especiallj^  when  this  is  associated  with  decomposi- 
tion, often  renders  the  limitation  of  the  necrosis  more  difficult.  In 
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infective  processes  also,  such  as  tuberculosis,  the  necrosis  follows  the 
advance  of  the  lesion.  Again  in  senile  gangrene  where  the  arteries  are 
seriously  obstructed,  the  starting  point  of  the  necrosis  may  be  a  trivial 
injury,  and  its  progressive  extension  may  go  on  without  any  signs  of 
limitation  for  a  considerable  time. 

In  the  disposal  of  the  dead  tissue  inflammation  plays  a  most  impor- 
tant part.  We  have  seen  that  violent  inflammation  is  often  produced 
by  the  same  cause  as  the  necrosis,  or  may  supervene  on  it.  This  will 
mostly  be  the  case  in  external  parts  where  decomposition  occurs. 
The  inflammation  is  characterized  by  hyperemia  and  exudation,  and 
commonly  goes  on  to  suppuration.  A  layer  of  pus  comes  thus  to 
divide  the  dead  tissue  from  the  living,  and  the  dead  is  cast  off  as 
a  slough.  There  remains  a  supimrating  wound  or  ulcer.  This  loss 
of  tissue,  whether  molecular  or  as  a  massive  slough,  is  the  essential 
feature  of  an  ulcer  of  whatever  kind,  and  a  supjiurating  surface  will 
usually  be  left. 

In  internal  parts,  if  the  necrosis  be  accompanied  or  followed  by  the 
production  of  irritating  chemical  substances,  then  a  violent  inflammation 
will  be  produced  ax'ound.  It  is  so  in  the  case  of  pyaemia,  where  there 
is  septic  embolism.  In  this  case  the  inflammation  will  usually  be 
violent  enough  to  produce  suppuration,  and  the  result  will  be  the 
formation  of  an  abscess.    (See  Fig.  27,  p.  147). 

In  the  case  of  internal  parts  where  there  is  no  disturbing  decom- 
position, or  in  external  parts  which  are  protected  from  septic  contam- 
ination, the  inflammation  is  of  a  much  milder  character.  The  necrosed 
portion  now  comes  to  act  as  a  foreign  body  or  dead  piece  of  tissue;  and 
is  subject  to  the  changes  already  described  at  p.  138.  The  dead  tissue 
is  often  eaten  into  and  replaced  by  vascular  granulations,  which  finally 
contract  and  leave  a  small  residue  of  connective  tissue ;  or  the  dead 
piece  is  encapsuled  and  may  lie  quiescent.  Not  infrequently  the  en- 
capsuled  tissue  undergoes  infiltration  with  lime  salts,  as  we  shall  see 
afterwards.  In  the  case  of  necrosis  in  bone  the  external  capsule  is 
frequently  composed  of  new-formed  bone. 

Literature, — Carswell,  Elementary  forms  of  disease,  Art.  Mortification,  1834 ; 
VnjcHow,  Handb.  d.  spec.  Path.,  vol.  i.;  Paget,  Lect.  on  surg.  path.,  p.  340  ;  Cohn- 
HRiM,  AUg.  Path.,  vol.  i.,  p.  52(5,  and  Die  embol.  Proc. ;  Eecklinghatiben,  Allg.  Path.  '■> 
LiTTEN,  Zeitsch.  f.  klin.  Med.,  vol.  i. ;  Koch,  Traumatic  infective  diseases  (Syd. 
Soc.  transl.) ;  Burdon  Sanderson,  Path,  trans.,  xxiii.,  Brit.  Med.  Jour.,  1877 ; 
Wekiert  (Coagulation-necrosis),  Virch.  Arch.  Ixxix,  p.  89 ;  Chauveau,  N^krobiose  et 
fiangr^ne.  Bullet,  de  I'Acad.  de  Mud.,  1873 ;  Brieger,  Ueber  Ptomaine,  1885  ; 
Aitken,  On  animal  alk.,  1887 ;  Brown,  A  treatise  on  animal  alk.,  1887  (Introduction 
by  Gautier). 
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SIMPLE  ATEOPHY. 

By  this  term  is  meant  a  simple  diminution  in  the  nutritive  activity  of 
the  structures,  and  a  consequent  diminution  in  size  without  further 
change.  Strictly  speaking,  Ave  should  distinguish  from  this  a  small- 
ncss  due  to  defective  growth,  to  which  the  terms  Hypoplasia  and 
Aplasia  are  applied.  But  atrophy  is  frequently  used  so  as  to  include 
these  conditions. 

Physiological  atrophy. — There  are  certain  normal  processes  of  decay 
which  occur  in  the  body.  At  certain  periods,  for  instance,  the  milk 
teeth  drop  off,  and  this  is  effected  by  an  atrophy  of  the  fang  so  that  the 
crown  is  shed.  At  a  still  earlier  period  the  thymus  gland  atrophies. 
Then  again  throughout  life  there  is  a  continual  shedding  of  the  hair : 
if  a  cast-oiF  hair  from  the  eyelash  be  examined  under  the  microscope,  it 
will  be  seen  that  its  bulb  is  atrophied,  and  this  is  the  cause  of  its  being 
shed.  In  some  persons  the  hair  of  the  scalp  is  largely  shed  at  a  com- 
paratively early  age,  without  being  properly  reproduced,  there  being 
here  an  atrophy  of  the  hair  sheath  and  papilla.  Then  there  is  the 
normal  atrophy  of  the  tissues  generally,  which  occurs  in  old  age.  The 
atrophy  of  old  people  may  in  many  cases  be  due  to  some  organic  disease 
whose  symptoms  are  not  manifest;  but  we  are  all  familiar  with  the 
healthy  old  person  with  shrivelled  hands  and  face  and  plicated  skin. 

In  all  these  cases  there  is  a  kind  of  intention  in  the  tissues,  so 
to  speak,  according  to  which  they  live  a  certain  period  and  then  decay. 
As  Paget  has  pointed  out,  such  atrophies  may  almost  be  regarded  as 
active  processes.  The  fall  of  the  leaf  is  due  to  an  active  absorption  or 
atrophy  of  the  fibres  uniting  it  to  the  stem ;  if  the  leaf  dies  before  its 
time,  or  is  killed,  it  remains  hanging,  but  in  the  natural  com'se  it  drops 
when  its  time  is  come.  So  with,  our  tissues  and  the  whole  organism, 
there  is  a  period  to  their  activity.  The  period  varies  in  different 
persons,  and  in  this  respect  hereditary  influences  have  an  important 
bearing.  Just  as  these  largely  determine  the  period  of  growth  of  the 
body  and  its  rapidity,  so  do  they  influence  the  duration  of  activity  of 
the  tissues.  This  is  plainly  seen  in  the  case  of  the  hair  ;  baldness  runs 
in  families,  just  as  longevity  does. 

Causation  and  Forms  of  atrophy. — Atroj^hy  in  many  cases  depends 
on  some  interference  with  the  supply  or  alteration  in  the  quality  of  the 
nutritious  material  supplied  to  the  tissues.  It  is  also  related  fretjuently 
to  dimiimtion  in  the  function  of  the  i)arts,  while  in  some  cases  it 
depends  more  directly  on  interference  with  the  nervous  arrangements. 

General  emaciation  indicates  that  the  tissues  generally  have  been 
affected  in  such  a  way  as  that  their  nutrition  is  diminished.  This  will 
occur  as  the  result  of  ;in  alteration  in  the  blood.    The  lilood,  lieing  the 
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vehicle  for  tho  conveyance  of  nutriment  to  the  tissues,  may  be  impover- 
ished because  of  a  direct  interference  with  the  food-supply,  as  in 
starvation,  in  stricture  of  the  uesophagus,  excessive  vomiting,  diarrhoja, 
etc.;  or,  there  may  be  an  excessive  consumption  of  the  nutritious 
material,  in  cases  of  excessive  discharges,  as  in  phthisis  pulmonalis,  or 
ulcerating  cancers,  or  there  may  be,  as  in  fevers,  an  increased  consump- 
tion of  the  nitrogenous  elements  of  the  tissues. 

In  general  emaciation  the  various  constituents  of  the  tissues  do  not 
atrophy  in  an  equal  degree.  According  to  experiments  by  Chossat,  in 
which  animals  were  deprived  of  food,  the  fat  and  blood  diminished  most, 
next  to  them  came  the  muscles  and  the  abdominal  glands,  while  the 
bones  and  central  nervous  system  diminished  least. 

Senile  atrophy  is  closely  related  to  the  physiological  atrophies  already 
mentioned.  The  atrophy  of  some  tissues  in  old  age  renders  them  more 
liable  to  pathological  processes.  Thus  the  bones,  being  diminished  in 
size,  and  having  proportionately  less  animal  matrix,  are  more  liable  to 
fracture ;  and  the  lungs,  having  lost  their  supporting  tissue,  are  more 
liable  to  emphysema  (senile  emphysema).  The  brain  also  suffers 
atrophy  in  old  people,  and  the  kidneys  frequently  do  so. 

Atrophy  from  disuse.^ — This  manifests  itself  chiefly  in  the  muscles 
and  glands.  When  a  limb  is  disused  from  being  set  up  in  a  rigid 
apparatus,  or  from  paralysis,  the  muscles  undergo  atrophy,  and  even 
the  bones  diminish  if  the  condition  be  prolonged. 

Atrophy  from  pressure  is  exemplified  in  the  atrojihy  which  occurs  as 
a  consequence  of  the  advance  of  tumours  and  aneurysms,  or  external 
pressure  from  stays,  etc.  In  the  last  mentioned  case  the  liver  frequently 
suff"ers  considerable  atrophy.  Atrophy  is  also  not  uncommon  in  organs 
which  are  the  seat  of  interstitial  inflammation,  the  new-formed  connec- 
tive tissue,  by  its  direct  pressure  on  the  projier  tissue,  or  by  obstructing 
the  blood-vessels,  causing  atrophy. 

Atrophy  from  nervous  lesions. — This  is  a  somewhat  wide  subject 
and  will  be  more  fully  considered  in  the  special  part  of  this  work.  In 
ordinary  motor  paralysis  there  is  atrophy  from  disuse.  But  there  are 
atrophies  of  a  more  active  kind  following  lesions  of  nerves  and  of  the 
spinal  cord  which  are  referred  to  interference  with  the  trojphic  nerves  or 
centres.  These  include  atrophy  of  the  nerve-fibres  and  of  the  muscles. 
According  to  Charcot  a  muscle  or  nerve  atrophies  when  cut  oflP  from  its 
trophic  centre,  and  this  may  be  effected  by  interruption  of  the  con- 
ductivity of  nerve-fibres,  or  by  destruction  of  the  centre.  The  atrophy 
of  the  muscles  in  lead-palsy  liclongs  to  this  class. 

Hemiatrophy  of  the  face  belongs  to  the  class  of  neurotic  atrophies. 
It  affects  the  soft  parts  of  the  one  half  of  the  face  and  of  the  tongue, 
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while  the  bones  are  not  afFectecl  unless  the  disease  has  occurred  in  early 
life,  and  even  then  the  bones  are  unequally  affected.  The  lesion  is 
probably  due  to  interference  with  the  nerves,  perhaps  in  their  passage 
through  the  cranium  or  at  their  ganglia.  A  hemiatrophy  of  the  body 
sometimes  occurs  from  cerebral  lesions  in  the  foetus  or  young  child. 
This  ma,y  be  in  the  form  of  a  crossed  hemiatrophy,  the  face  and 
extremities  being  affected  on  opposite  sides. 

In  the  various  forms  of  atrophy,  with  the  exception  of  general 
emaciation,  the  proper  functionating  tissue  is  that  which  chiefly  suffers 
diminution.  Thus  in  muscles  it  is  the  contractile  substance,  in  glands  the 
secreting  cells,  in  nerves  the  nerve-fibres,  which  are  specially  affected. 
The  atrophy  of  the  j^roper  tissue  is  often  accom^ianied  by  newformation ' 
in  the  accessory  structures.  Thus,  atrophy  of  muscle  is  often  associated 
with  increase  of  the  interstitial  connective  tissue.  This  connective 
tissue  frequently  becomes  the  seat  of  fatty  infiltration,  so  that  adipose 
tissue  largely  replaces  the  muscle,  bringing  about  a  pseudo-hypertrophy. 
(See  under  Hypertrophy  and  Fatty  Infiltration.)  A  similar  process 
frequently  occurs  in  and  around  disused  glands. 

Literature. — Paget,  Surgical  Path.,  3rd  ed.,  p.  69;  Eecklinghausen  (Neurotic 
atrophy),  Allg.  Path.,  p.  326;  Charcot,  Senile  diseases  (Syd.  Soc.  trans.),  1877,  Dis. 
of  nerv.  syst.  (Syd.  Soc.  trans.),  1881;  Chossat,  Eech.  exp.  sur  I'inanition,  1843. 

ALBUMINOUS  INPILTEATION— CLOUDY  SWELLING. 

The  condition  designated  by  these  terms  was  first  described  by 

Virchow,  and  regarded  b}'  him 
as  characteristic  of  Parenchy- 
matous inflammation.  The  term 
Parenchymatous  degeneration 
has  a  similar  signification. 

It  is  possible  to  distinguish  a 
local  from  a  general  cloudy  swell- 
ing. The  local  form  occurs  in 
parenchymatous  inflammation, 
more  especiallj'  of  the  kidneys, 
and  is  sometimes  the  most  pro- 
nounced evidence  obtainable  post 
mortem  of  the  existence  of  that 
condition.  The  general  form 
occurs  in  most  febrile  diseases 
and  is  very  characteristic  of  some. 
It  is  met  with  in  the  specific  fevers,  in  erysipelas,  diphtheria,  acute 
phthisis  pulmonalis,  etc.,  and  seems  to  be  related  in  these  cases  to  the 


Fig.  30. — Cloudy  swelling  of  reiiiil  epitlieliuui 
with  slifrht  fritty  dogenemtion.  A  jinrtion  of  a 
tubulo  is  shown,  iiiid  some  isolated  cells.  l>'rom  a 
ciise  of  acute  phthisis  ijulnionalis.    X  ;I60. 
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high  temperature  and  the  altered  state  of  the  blood.  It  also  occurs  as 
one  of  the  results  of  acute  poisoning  with  phosphorus,  arsenic,  mineral 
acids.  In  the  general  form  the  lesion  is  diffused  through  various 
organs,  but  affects  especially  the  liver,  kidjieys,  heart,  and  voluntary 
muscles. 

In  these  various  cases  the  condition  seems  to  be  due  to  an  irritation 
of  the  cells,  which  are  induced  to  absorb  more  albumen  than  they  can 
assimilate.  The  cells  are  enlarged,  and  they  are  clouded  with  albu- 
minous granules  (see  Fig.  30),  which  obscure  the  nuclei.  The  condition 
implies  a  qualitative  defect  in  the  cells,  although  quantitatively  there  is 

■  excess.    This  is  nearly  always  shown  by  the  co-existence  of  a  minor 

■  degree  of  fatty  degeneration.  (See  Fig.  30.)  The  fine  fat  granules  may 
he  obscured  by  the  albuminous  granules,  but  if  the  albumen  be  dissolved 
by  adding  liquor  potassse,  or  a  dilute  mineral  acid,  the  fat  comes  out 
very  prominently. 

The  organs  affected  have,  to  the  naked  eye,  a  characteristic  appear- 
ance. They  are  enlarged,  sometimes  to  a  high  degree,  and  have,  on 
section,  a  bulky  appearance,  while  the  tissue  has  a  grey,  opaque,  dull 

'  character.  In  acute  fevers  the  enlargement  of  liver  and  kidneys  is  some- 

I  times  very  great. 

Literature. — Vibchow,  Cellular  Pathology,  transl.  by  Chance,  also  various  papers 
in  his  Archiv. 

FATTY  DEGENERATION. 

In  this  condition,  which  affects  the  cells  of  tissues,  we  have  a  change 
in  the  chemical  composition  of  the  cell-contents ;  the  albuminous  con- 
stituents split  up  and  yield  fat. 

Causation. — Fat  may  be  formed  in  the  animal  body  either  from  the 
carbo-hydrates  or  albuminous  substances  of  the  food.  In  the  case  of 
tatty  degeneration  the  fat  is  derived  from  the  albuminous  constituents 
of  the  tissues.  This  implies  that  these  constituents  break  up,  yielding 
their  nitrogen  in  some  lower  form  of  combination  Avhich  is  usually 
carried  off,  and  leaving  the  fat  in  the  tissue.  In  accordance  with  this 
we  find  that,  where  general  and  extensive  fatty  degeneration  occurs, 
there  is  simultaneously  an  excess  of  urea  or  other  extractiA^es  in  the 
urine.  The  splitting  up  of  the  albuminous  constituents  of  cells  implies 
a  most  serious  alteration  in  their  chemical  constitution.  In  all  such 
cases,  therefore,  it  is  to  be  inferred  that  the  vitality  of  the  cells  is 
greatly  reduced,  and  in  some  cases  the  condition  approaches  to,  or  is 
associated  with,  necrosis. 

The  proof  that  fat  may  be  formed  from  carbo-hydrates  lies  in  the  fact  that  bees 
will  jiroduce  wax  when  fed  on  honey  alone,  this  beinf?  a  solution  of  sugar  (Gund- 
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lach).  The  formation  of  fat  from  nitrogenous  substances  is  proved  by  various  facts. 
Thus  the  tissues  of  the  body,  inckiding  the  nitrogenous  constituents,  are  sonietLmes 
changed  after  death  into  Adipocere,  a  peculiar  waxy  substance,  composed  of  fatty 
acids  combined  with  ammonia  and  Hme  instead  of  glycerine,  and  therefore  more 
strictly  a  soap  than  a  fat.  This  substance  is  occasionally  found  in  graves,  and  it 
has  been  produced  by  leaving  the  dead  body  in  running  water  for  a  time.  Again,  it 
has  been  shown  that,  in  lactating  animals  fed  with  animal  food  carefully  deprived  of 
fat,  the  milk  is  even  more  abundant  and  rich  in  fat  than  in  animals  fed  on  diet  con- 
taining much  fat.  Fresh  milk  becomes  richer  in  fat  and  poorer  in  caseine  (which  is 
nitrogenous)  during  the  first  day  after  its  \vithdrawal  from  the  mammae  (Hoppe- 
Seyler) . 

The  most  conclusive  proof  that  albuminous  tissues  yield  fat  is  afforded  by  the 
effects  of  j)oisoning  by  phosphorus.  Wlien  a  dog  has  been  deprived  of  food  till  all 
its  spare  fat  has  been  exhausted  and  the  nitrogen  in  the  urine  has  reached  a  con- 
stant minimum  of  8  grammes  in  the  twenty-four  hours,  the  administration  of  small 
doses  of  phosphorus  causes  a  marked  increase  of  the  nitrogen,  which  may  reach 
nearly  24  grammes.  This  is  coincident  with  a  very  large  increase  of  fat  in  many 
internal  organs. 

The  causes  of  fatty  degeneration  may  be  divided  into  those  which, 
depending  on  some  morbid  condition  of  the  blood,  act  on  many  organs, 
and  those  which  have  simply  a  local  influence.  So  we  may  speak  of  a 
general  and  a  local  fatty  degeneration. 

General  fatty  degeneration  is  produced  by  certain  poisons,  pre- 
eminently by  phosj^horus,  but  also  by  arsenic,  antimon)^,  iodoform, 
chloroform,  and  others.  It  occurs  also  in  some  general  diseases  in 
which  the  blood  is  greatly  altered,  in  acute  yellow  atrophy  of  the  liver, 
in  some  fevers,  in  pernicious  anaemia,  and  in  some  other  forms  of 
anaemia.  It  has  been  produced  artificially  by  confining  animals  in  an 
over-heated  space  for  thirty-six  hours  (Cohnheim).  In  these  cases  the 
altered  blood  has  acted  on  the  cells  of  the  tissues  and  caused  them  to 
alter  their  chemical  constitution.  The  change  occurs  mostly  in  the 
parenchyma  of  organs,  as  in  the  hepatic  cells,  the  renal  epithelium,  the 
striated  muscular  fibres,  especially  those  of  the  heart,  but  is  also  seen  in 
some  cases  in  other  structures,  such  as  the  intima  of  arteries. 

Local  fatty  degeneration  is  frequently  the  result  of  deiirivation  of 
blood,  as  where  an  artery  is  occluded.  In  the  brain,  occlusion  of 
arteries  is  followed  by  softening  of  the  cerel^ral  tissue,  a  species  of 
necrosis,  but  this  is  associated  with  the  appearance  of  cells  filled  Avith 
finely  divided  fat  (the  so-called  comjjound  granular  corpuscles  of  Gluge). 
It  is  true  that  the  fat  here  may  be  jjnrtly  deriA^ed  from  the  myelin  of 
the  nerve-fibres,  but  these  corpuscles  are  present  in  the  grey  substance 
where  there  is  no  myelin,  and  fat  is  also  visible  in  the  Avails  of  the 
blood-vessels  (as  in  Fig.  31).  Inflammation  is  a  frequent  cause  of  local 
fatty  degeneration,  especially  m  parenchymatous  organs,  Avherc  the 
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cloudy  swelling  often  goes  on  to  fatty  degeneration.  (See  Fig.  30.)  In 
quickly  growing  tumours,  and  eA^en  in  slowly  advancing  cancers,  the 


cells  frequently  undergo  fatty  degeneration.  Lastly,  nerve-fibres 
which  have  been  divided  show  not  only  atrophy,  but  also  a  fatty 
degeneration. 


Some  authors  have  endeavoured  to  account  for  fatty  degeneration  on  the  supposi- 
tion that  it  is  due  to  a  deficiency  of  oxygen.  It  is  said  that  in  general  fatty 
degeneration  the  blood  is  deficient  in  oxygen,  and  in  the  local  form  the  tissues 
are  deprived  of  oxygen.  In  the  former  case,  however,  there  is  usually  an  obvious 
alteration  of  the  blood  apart  from  simple  anainiia,  while  in  many  local  fatty  de- 
generations there  is  no  deprivation  of  oxygen,  as  in  inflammations,  in  tumours, 
and  after  section  of  ner%'es. 


Fig.  S3.— Fatty  dogeueriitioii  of  cells  in  a 
cancer  of  tlie  inamm.a  ;  n,  slightly  affected  ; 
y'ig.  32.— Fatty  acgeneration  in  an  atliero-  more  so  ;  n,  completely  fatty— the  com- 

watous  aorta.  The  shapes  of  the  cells  brought        pound  granular  corpuscle,    x  350. 
out  by  the  fat;  a,  from  internal  coat;  muscle 
cells  from  middle  coat,    x  'MO. 

Characters  of  the  lesion. — The  degeneration  occurs  mainly  in  the 
cells  of  the  tissues.    The  fat,  arising  as  it  docs  by  the  chemical  decom- 
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position  of  the  protoijlasm  of  the  cell,  appears  in  the  foi'm  of  fine  drops 
or  granules,  which  are  strongly  refracting.  (See  Figs.  31,  32,  33.) 
These  granules  are  still  separated  from  each  other  by  the  remains  of  the 
cell  contents  and  are  therefore  isolated.  It  may  happen  in  this  way 
that,  as  in  Fig.  32,  a  fatty  degeneration  occurring  in  a  structure  may 
render  its  constituent  cells  unusually  distinct,  their  form  being  brought 
prominently  out  by  the  fat  in  them.  As  time  goes  on,  the  fat  granules 
increase  till  the  whole  cell  is  filled  with  fine  refracting  oil  drops,  which 
still  remain  isolated  (see  Fig.  33),  being  each  suiTounded  bj^  an  albu- 
minous envelope.  The  process  is,  in  fact,  very  much  like  what  occm-s 
in  the  cells  of  the  mammary  gland  in  the  secretion  of  milk,  the  colostrum 
cells  being  like  the  fully  degenerated  cells,  which  are  often  described  as 
compound  granular  corpuscles. 

When  finely  divided  fat  suspended  in  fluid  is  present  in  the  living 
tissues,  it  is  very  readily  absorbed.    We  know  how  readily  the  emul- 


Fig.  34. — Crystals  of  cholesteavine  ;  «,  large  ones  from  an  old  hj'drocele  ;  b,  from  stag- 
nant bile  in  gull  bladder,    x  350. 


sionized  fat  in  the  alimentary  canal  is  taken  up  by  the  epithelium,  and 
passed  on  into  the  lacteals.  When  milk  is  injected  into  the  abdominal 
cavity  of  a  living  animal,  or  even  laid  on  the  surface  of  the  diaphragm 
after  death,  it  very  quickly  passes  into  the  lymphatics.  In  the  case  of 
fatty  degeneration  of  cells,  if  fluid  be  present,  the  cells  disintegrate,  an 
emulsion  is  formed,  and  absorption  occurs  just  as  in  the  case  of  milk. 

But  sometimes  the  fatty  degeneration  occurs  in  connection  with 
structures  not  adapted  to  absorption,  as  in  a  hydrocele,  where  the 
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tendency  is  rather  to  transudation,  or  in  an  ovarian  tumour.  In  that 
t-ase,  the  fat  undergoes  further  changes,  resulting  usuallj^  in  the  produc- 
tion of  crystals  of  cholestearine  (Fig.  34)  or  margarine. 

Cholestearine  occurs  as  a  normal  constituent  of  the  central  nervous  tissue  and 
bile,  in  which  latter  it  is  dissolved.  Its  crystals  are  rhombic  tables  whose  angles 
measure  79°  30'  and  100°  70'.  On  adding  strong  sulphuric  acid  to  a' crystal  of 
cholestearine,  letting  it  gradually  run  in  and  act  on  it,  the  crystal  appears  to 
melt  from  the  edge  inwards,  and  take  on  a  fatty  appearance,  and  by  and  by  it 
gathers  into  a  brown  di-op.  On  adding  iodine  and  sulphuric  acid  to  a  crystal, 
there  is  at  first  a  beautiful  display  of  colours.  Margarine  occurs  in  the  form  of 
radiating  needles  such  as  one  sees  frequently  inside  the  fat  cells  in  adipose  tissue. 

Local  fatty  degeneration  is  not  infrequently  followed  by  Calcareous 
infiltration,  where,  from  deficiency  of  fluid  or  otherwise,  the  fat  is  not 
absorbed. 

We  have  already  seen  that  in  Caseation,  fatty  degeneration  is  asso- 
ciated Avith  necrosis. 


FATTY  INFILTRATION. 

By  this  term  is  meant  the  infiltration  of  free  fat  into  the  tissues. 
This  condition  is  only  in  a  restricted  sense  pathological,  especially  when 
it  is  general.  It  is  necessary  to  distinguish  fatty  infiltration  of  the  liver 
from  other  forms. 

P  1.  Patty  infiltration  in  connective  tissue. — Adipose  tissue  is  a  form 
of  connective  tissue,  and  is,  to  a  considerable  extent,  interchangeable 
with  loose  connective  tissue.  Adipose  tissue  is  formed  by  the  infiltra- 
tion of  fat  into  the  connective  tissue  cells,  and  at  different  times  it  may 
be  variously  abundant. 

In  Obesity  an  excess  of  fat  is  present  in  the  body,  and  it  is  laid  down 
in  store  chiefly  in  the  subcutaneous  connective  tissue  and  the  omentum, 
but  also  in  other  situations  where  loose  connective  tissue  is  present. 

Around  or  in  disused  or  atrophied  organs,  it  is  common  to  find  a 
fatty  infiltration.  A  most  typical  example  of  this  is  afi"orded  by 
muscles  which  have  become  fixed  at  their  two  ends  by  stifi"ening  of 
joints.  The  muscle  can  no  longer  produce  any  movement,"  and  its 
fibres  gradually  atrophy  as  we  have  already  seen.  At  the  same 
time,  in  the  connective  tissue  around  the  muscle  and  in  that  which 
supports  it,  there  is  a  great  infiltration  of  fat,  so  that  adipose  tissue 
appears  between  and  around  the  fibres.  (See  Fig.  35.)  Then,  again, 
in  pseudo-hypertrophic  paralysis — a  disease  chiefly  of  children — there 
IS  a  similar  process.  The  muscular  tissue  atrophies,  but  there  is  at 
the  same  time  an  excessive  transformation  of  the  coiuiective  tissue  into 
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iuiiiiose  tissue,  so  that  the  wasting  of  the  muscle  is  more  than  coun- 
terbalanced by  the  excess  of  adipose  tissue,  and  there  is  thus  a  pseudo- 
hypertrophy. 

A  similar  fatty  infiltration  occurs  in  the  heart  and  may  seriously  in- 
commode it  in  its  action  (see  further  on). 


Fig.  35.— Fatty  hifilti-ation  of  muscle  from  a  case  of  stiffening  of  the  ankle 
by  an  epithelioma  of  the  skin  over  it.  The  muscular  fibres  are  narrowed,  and 
adipose  tissue  appears  between  them,    x  80. 

It  is  difficult  to  account  for  this  local  deposition  of  fat  in  connection 
with  muscle.  It  may  be  that  as,  normally,  fat  is  largely  oxidized  in 
muscle,  or  largely  produced  there  in  connection  ■\Yith  the  active  process 
of  contraction,  when  the  demand  is  gone  it  is  laid  down  by  the  vessels 
in  the  neighbouring  connective  tissue. 

Fat  is  often  deposited  in  excessive  quantity  around  diseased  and 
useless  glands,  such  as  the  kidney,  pancreas,  etc.  In  the  contracted 
kidney  of  chronic  nephritis  there  is  often  an  excess  of  fat  at  the  hilus, 
which  may  make  the  kidney  appear  much  less  reduced  in  bulk  than  it 
really  is.  In  hydronephrosis  there  is  often  an  enormous  increase  of 
the  fat  which  normally  surrounds  the  kidney.  This  is  also  difficult  to 
account  for. 

2.  Fatty  infiltration  of  the  liver,  which  we  meet  ^vith.  very  frequently, 
is  also  difficult  to  explain.  Fat  is  often  found  in  large  quantities  in 
the  Liver  in  cases  where,  in  the  subcutaneous  tissue  or  elsewhere,  there 
is  an  actual  deficiency  of  it.  The  fat  in  the  liver  is  in  the  peripheral 
parts  of  the  lobules,  and  from  this  it  is  to  be  inferred  that  it  has  been 
brought  by  the  portal  blood.  This  fatty  infiltration  occiu's  most 
frequently  in  phthisis  pidmonalis. 

its  accumulation  under  the.se  circumstances  may,  in  part,  be  accounted  for  by 
supposing  that  the  fat  which  is  normally  used  for  the  formation  of  the  fatty  acids 
and  the  cholestearine  of  the  bile  is  not  so  used  and  is  therefore  stored  in  the  hepatic 
cells.  It  is  known  that  the  secretion  of  bile  is  greatly  diminished  in  such  cases, 
and  that  the  bile  is  watery.  In  that  case  the  fatty  infiltration  here  would  be  like 
that  in  muscle,  due  to  diminished  activity  of  the  organ.    Another  view,  and  one 
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luiving  some  appearance  of  probability,  is  based  on  the  theory  that  one  of  the 
I'liuctions  of  the  Hver  is  to  prepare  fat  for  oxidation.  Naumann  (Eeichert  and  Du  Bois 
lieymond's  Archiv,  1871,  p.  41)  has  shown  that  the  liver  fat  is  much  more  oxidiz- 
able  than  ordinary  fat,  and  that  in  the  vertebrata  the  size  of  the  liver  is  in  inverse 
proportion  to  the  activity  of  the  respiration,  being  largest  in  fishes  and  smallest  in 
birds.  It  is  therefore  suggested  that  in  phthisis  and  cachectic  diseases  the  liver 
may  produce  an  excess  of  easily  oxidizable  fat  and  store  it  up  ready  for  use. 
Hence,  perhaps,  the  utility  of  liver  oils  in  cases  of  phthisis,  etc. 

W'e  have  seen  that  in  fatty  degeneration  the  fat  appears  in  the  form 
of  fine  granules  or  drops,  and  that  as  these  increase  they  remain  isolated. 
Ill  fatty  infiltration  there  are,  of 
course,  first  fine  fat  drops,  but  as 
more  fat  is  added  the  drops  grow  in 
size.  In  the  case  of  the  conversion 
of  connective  tissue  into  adipose 
tissue,  there  is  a  single  fat  drop  in 
each  cell,  as  in  Fig.  35.  In  the  case 
of  fatty  liver  the  fat  drops  are  of 
various  sizes  (see  Fig.  36),  but,  as  a    „.  ^  . 

,  ,    ,  ^  &        /)         '  Fig.  30.  — Fatty  infiltration  of  the  liver. 

rule,  much  larger  than  in  fattv  de-  isolated  hepatic  cells  with  drops  of  fat  of 

°  vanous  sizes,    x  350. 

generation.    The  size  is  by  no  means 

an  absolute  criterion,  but  it  is  an  important  practical  indication.  It  is 
only  in  the  liver  that  there  can  be  much  difficulty  in  distinguishing 
between  fatty  degeneration  and  fatty  infiltration,  and  here  the  fact  that 
in  the  latter  the  fat  is  deposited  at  first  in  the  cells  at  the  peripheral 
parts  of  the  lobules,  and  always  continues  more  abundant  there,  is 
sufficiently  distinctive. 

PATHOLOGICAL  PIGMENTATION. 

The  pathological  variations  in  colour  in  the  tissues  come  under  a 
considerable  number  of  different  categories. 

The  endeavour  has  been  frequently  made  to  refer  all  pigments  found  in  the  body 
to  the  blood-pigment,  but  this  relation  has  been  definitely  disproved  for  some  (as  in 
the  case  of  pigments  introduced  from  without),  and  rendered  doubtful  in  others. 
The  normal  pigments  in  the  body,  those  of  the  blood-coipuscles,  of  the  skin,  eye- 
ball, etc.,  arise  in  cells  and  are  probably  formed  by  the  cells  elaborating  them  from 
the  nutrient  material  afforded  them.  It  is  an  assumption  to  suppose  that  the  pig- 
ment of  the  skin  is  derived  from  the  blood  pigment  and  not  elaborated  by  the  cells, 
rhe  bile-pigment  (bilirubin)  is  very  closely  related,  if  not  identical  chemically,  to 
hffimatoidin,  which  is  the  immediate  derivative  of  hiematin,  and  is  probably  pro- 
'lucud  from  the  blood-pigment,  but  the  black  pigment  of  the  eyeball  and  rete 
'nalpighii  (nudaniv)  is  different,  and  in  particular  is  devoid  of  iron. 

1.  Alterations  of  physiological  pigmentation.— The  pigment  of  the 
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skin  varies  much  in  difFerent  persons  within  physiological  limits. 
There  is  a  pathological  absence  of  pigment  (albinism),  and  excess 
(negrism).  The  pigment  also  varies  in  the  same  person  at  different 
times ;  it  is  often  increased  by  exposure  to  the  sun,  by  pregnancy 
(chloasma),  etc.  A  peculiar  form  of  pigmentation  is  that  in  Addison's 
disease,  in  which  certain  parts  of  the  skin  assume  a  bronzed  colour. 
The  excess  of  pigment  here  is  not  only  in  the  rete  malpighii  but  in  the 
papillse  of  the  cutis  and  around  the  veins.  This  disease  is  associated 
with  tuberculosis  of  the  suprarenal  capsules,  but  the  connection  is  not 
very  clear. 

It  is  usually  supposed  that  the  suprarenal  capsules  contain  nerve  centres,  and 
that  the  bronzing  is  due  to  nervous  derangements,  but  some  assert  that  pigment  is 
produced  in  excess  in  the  capsules  and  deposited  in  the  skin. 

2.  Pigmentation  from  inflammation  and  hsemorrhage.  — Many 
chronic  inflammations  are  associated  with  pigmentation  which  may 
remain  long  after  the  inflammation  has  subsided.  This  is  doubtless 
due  to  the  escape  of  red  corpuscles  by  diapedesis,  and  the  pigmentation 
of  the  tissue  by  the  products  of  their  pigment.  This  pigmentation  is 
met  with  chiefly  in  the  skin  and  intestine.  In  passive  hyperaemia  a 
similar  pigmentation  occurs,  such  as  that  seen  in  the  lung  in  brown 
induration. 

Pigmentation  as  a  result  of  heemorrhage  is  of  frequent  occurrence. 
When  blood  is  effused  in  quantity  the  tissues  around  usually  become 
stained  and  may  retain  their  colour  to  a  large  extent  for  years.  The 
colouring  matter  is  hsematoidin,  which  is  a  derivative  of  htematin,  and 
very  near  to  it  in  elementary  constitution,  but  much  more  stable.  .  It 
occurs  as  granules  and  crystals,  the  latter  in  the  form  of  orange- 
coloured  rhombic  j^risms  which  resemble 
in  shape  those  of  hfemin.  (See  Figs. 
9  and  10,  p.  84.) 

There  arc  two  ways  in  which  the 
pigment  from  the  effused  blood  is  dealt 
Avith.  In  the  first  place  it  may  be  simply 
dissolved  out  of  the  corpuscles  and  this 
sohition  may  afterwards  deposit  haima- 
toidin  in  granules  or  crj'stals.  On  the 
Fig.  37.-Coiis  containing  biood-corpus-  other  hand  thc  blood-corpusclcs  may  be 

taken  into  the  substance  of  ama3boid 
leucocytes  and  there  imdergo  changes. 
The  blood  in  the  tissues  acting  as  an  irritant  induces  the  exudation 
of  leucocytes,  which  have  the  power  of  taking  up  solid  bodies.  Wc 
have  thus  cells  containing  red  corpuscles.    (See  Fig.  37.)    These  cells 


oles  from  the  neighbourhood  of  a  hiumor- 
rhage  :  a,  with  fresh  corpuscles ;  b,  with 
dark  granules  from  disintegration  of  red 
corpuscles. 
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may  pass  off  into  the  lymphatics,  but  it  appears  that  they  may  remain 
permanently  in  the  part.  The  red  corpuscles  inside  the  cells  shrink 
and  become  converted  into  irregular  pigment  granules. 

3.  Melanaemia.— This  name  is  given  to  cases  in  which  free  pigment 
is  present  in  the  blood.  The  pigment  is  derived  from  that  of  the  red 
corpuscles,  and  it  implies  a  great  destruction  of  these.  The  pigment  is 
in  the  form  of  gramdes  and  flakes  and  being  deposited  in  certain  organs 
leads  to  a  coloration  of  them.    (See  p.  106.) 

4.  Icterus  or  Jaundice,  is  a  condition  in  which  the  blood  contains  a 
yellow  pigment  which  stains  the  tissues  of  the  body  generally.  The 
pigment  is  usually  that  of  bile,  namely,  bilirubin.  This  substance  is 
elaborated  by  the  hepatic  cells  and  secreted  as  a  constituent  of  the  bile. 
^YhGn  the  exit  of  the  bile  is  hindered  by  obstruction  of  the  ducts  the 
pigment  is  re-absorbed  and  passes  into  the  blood.  Icterus  which  is 
thus  due  to  the  bile  pigment  is  called  Hepatogenous,  that  is,  derived 
from  the  liver. 

We  have  already  seen  that  hsematoidin  is  of  similar  constitution  to 
bilirubin,  and  we  may  presumably  have  icterus  from  the  formation  of 
this  pigment  in  the  blood  by  destruction  of  the  red  corpuscles  inde- 
pendently of  the  bile.  This  form  of  icterus  is  called  Hsematogenous. 
The  exact  domain  of  this  form  is  not  determined.  The  icterus  of  some 
acute  diseases  such  as  pyaemia  and  typhus  fever  is  hsematogenous. 
More  doubtful  is  the  Icterus  neonatorum.  This  form  of  jaundice 
occurs  in  a  large  number  of  new-born  children,  and  is  usually 
regarded  as  due  to  a  destruction  of  red  corpuscles  occurring  in  con- 
sequence of  the  changes  in  the  circulation  consequent  on  birth. 

It  is  asserted  by  Birch -Hirschf eld  that  this  icterus  is  hepatogenous.  He  says 
that  the  sudden  change  in  the  circulation  at  birth  causes  oedema  of  the  interstitial  con- 
nective tissue  of  the  liver,  and  that  this  produces  obstruction  of  the  ducts.  Cohn- 
heim  agrees  with  Birch-Hirschfeld  that  the  icterus  is  probably  hepatogenous  but  does 
not  see  sufficient  evidence  of  cedenia.  He  suggests  that  as  there  is  at  birth  a 
sudden  increase  in  the  secretion  of  bile,  the  ducts  may  take  some  time  to  accom- 
modate themselves.  Eecklinghausen  believes  the  icterus  to  be  ha3matogenous  on 
the  ajjparently  sufficient  ground  that  the  fteces  are  coloured  with  bile  and  that 
therefore  the  bile  ducts  are  not  obstructed. 

A  peculiar  feature  in  icterus  neonatorum  is  the  occurrence  of  Crystals  of 
hfematoidin  or  bilirubin  in  the  kidneys,  and  also  in  the  tissues  and  blood.  That  is 
to  say  the  pigment  not  only  stains  the  tissues  but  is  deposited  in  the  crystalline 
form.  It  is  probable,  however,  that  this  crystallization  is  a  post-mortem 
phenomenon.  Hffimatoidin  crystals  may  be  found  even  where  there  is  not  enough 
pigment  present  to  produce  jaundice. 

5.  Pigmentation  in  tumours. — In  certain  cancers  and  sarcomas  a 
brown  pigment  is  present  in  the  cells  of  the  tumours,  giving  to  the 
tissue  a  brown  or  black  coloiu-.    The  pigment  here  has  the  chemical 
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characters  rather  of  melanin  than  of  blood-pigments  and  is  presumably 
elaborated  by  the  cells.  These  tumours  mostly  take  origin  in  structures 
where  pigment  cells  normallj^  exist,  as  in  the  choroid  of  the  eye,  the 
superficial  layers  of  the  cutis,  the  pia  mater  (Virchow),  and  the  con- 
junctiva of  the  eye,  where  it  passes  into  the  cornea.  Such  tumours  also 
originate  in  pigmented  nsevi,  in  the  rete  malpighii  and  in  the  cornea 
(especially  in  horses).  In  some  of  these  cases  the  melanin  passes  into 
the  urine,  Avhere  it  may  deeply  colour  that  secretion  (Tennent  and 
Coats). 

6.  Pigmentation  from  without. — Pigmented  substances  introduced 
may  lodge  in  the  tissues  and  even  jjermanently  colour  them.  Salts  of 
silver,  when  long  administered,  or  when  taken  in  excess  in  one  dose, 
may  cause  a  bluish  staining  of  the  sldn  (argj/ria).  The  oxide  of  silver 
is  deposited  also  in  the  tissues  of  internal  organs. 

The  Dust  of  the  air  which  is  inhaled,  passes  to  some  extent  into  the 
substance  of  the  lungs,  and  gives  a  dark  colour  to  them.  (See  under  Lung 
Diseases.)  Workers  whose  trade  exposes  them  to  variously  coloured . 
dust,  present  similar  pigmentations  of  the  lungs.  Tattooing  is  an  opera- 
tion by  which  granular  pigments  are  introduced  and  lodge  in  the  skin 
and  lymphatic  glands.  .  . 

7.  Pigmentary  Atrophy. — When  coloured  tissues  atrophy  there  is 
usiially  a  concentration  of  their  pigment.  Thus,  we  have  a  brown 
atrophy  of  muscle,  especially  of  the  heart,  and  a  deepened  coloration 
of  the  fat  in  emaciated  persons  and  in  old  age. 

Literature. — VmcHow,  Vivch.  Aichiv,  vols,  i.,  ii.,  iv.,  vi.,  Geschwiilste,  vol.  ii. ; 
Addison,  Dis.  of  suprarenal  capsules,  1855;  Langans,  Virch.  Ai'ch.,  vol.  xlix. ;  Eixi>- 
FLEiscH,  Path.  Histology ;  Kehheh,  Stud.  iib.  Ikterus  neonatorum ;  Bihch-Hiksch- 
FELD,  Virch.  Arch.,  vol.  Ixxxvii.  ;  Cohnheim,  Allg.  Path.,  vol.  ii.,  p.  75 ;  EECKLiNti- 
HAUSEN,  Allg.  Path.,  p.  437 ;  Gussenbauek,  Virch.  Arch.,  vol.  Ixiii. ;  Kcnkel,  Virch. 
Arch.,  vol.  Ixxxi. ;  Rindfleiscii  and  H,U!his,  Virch.  Arch.,  vol.  ciii. ;  Tesxent  and 
Coats,  Glasg.  Med.  Jour.,  xxiv.,  1S85. 

AMYLOID  DEGENERATION. 

This  name  is  applied  to  a  condition  in  which  the  constituents  of 
the  tissues  are  converted  into  a  substance  whose  chemical  characters  are 
different  to  those  of  any  normal  principle  in  the  body.  The  degeneration 
is  also  called  waxy  and  lardaceous  from  the  physical  characters  of  the 
substance  produced.  This  may  be  called  for  convenience  amyloid 
substance,  and,  as  the  name  suggests,  it  Avas  originally  su^jposed  to  be 
allied  to  starch.  It  has  reallj'-  no  chemical  relation  to  starch,  being  a 
nitrogenous  substance  and  a  modified  form  of  albumen.  It  i-esembles 
starch,  however,  in  respect  that  it  gives  a  colour  reaction  with  iodine. 
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The  presence  of  amyloid  substance  is  determinefl  by  its  physical  characters  or  by 
certain  colour  tests.  The  earliest  knowi  of  these  latter  is  the  reaction  with  iodine. 
The  iodine  reaction  is  useful  for  roughly  testing  niacroscopically  at  the  time  of  the 
post-mortem.  For  this  pui-pose  a  watery  solution,  consisting  of  iodine  10  grains, 
iodide  of  potassium  20  grains,  and  water  4  ounces,  is  poured  on  the  sm-face  of  the 
structure  to  be  tested.  A  mahogany-red  colour  indicates  the  presence  of  amyloid 
matter.  The  further  addition  of  dilute  sulphuric  acid  sometimes  produces  a  deeper 
red  or  a  bluish  colour. 

For  microscopic  puiposes  watery  solutions  of  methylviolet  or  gentianviolet  as 
introduced  by  Cornil  are  most  suitable.  These  dyes  produce  a  rose-pink  colour 
with  the  amyloid  substance,  while  normal  tissues  are  stained  blue.  In  testing  by 
iodine  microscopically  a  solution  half  the  strength  of  that  mentioned  above  is 
to  be  used. 

The  substance  itself  has  a  peculiar  bright  translucent  glancing  ap- 
pearance (see  Fig.  38),  and,  as  the  structures  in  which  it  occurs  are 
enlarged,  they  are  often 
remarkably  jirominent 
under  the  microscope. 
It  is  a  very  dense  heavy 
material,  and  after  death, 
at  least,  is  somewhat 
brittle,  but  the  absence 
of  haemorrhage  in  amy- 
loid organs  would  seem 
to  indicate  that  it  is  not 
so  durincr  life. 

Causation.  —  Looking 
to  the  history  of  the 
cases  in  which  amyloid 
degeneration  occurs  it  is 
clear  that  it  is  to  be  re- 
ferred primarily  to  an 
alteration  in  the  blood, 
probably  an  impoverish- 
ment of  it  in  albumen. 
The  disease  is  not  an  in- 
dependent one,  but  comes  on  in  certain  cachectic  states  due  to  chronic 
tuberculosis,  syphilis,  diseases  of  bone  involving  prolonged  suppuration, 
chronic  dysentery,  etc. 

An  more  unusual  causes  of  amyloid  degeneration  may  be  mentioned,  leukirmia, 
Hodgkin's  disease  (malignant  lymphoma),  very  rarely  cancer  or  sarcoma.  It  is 
fiequently  associated  in  the  kidney  with  chronic  inflammation  of  that  organ,  but 
>t  is  doubtful  whether  the  latter  is  to  be  regarded  as  its  cause,  for,  on  the  one 
hand,  amyloid  disease  may  lead  to  nephritis,  and,  on  the  other,  both  conditions 
may  be  the  result  of  syphilis. 


Fig.  as.— Advanced  amyloid  disease  of  the  liver.  The  av- 
vangemont  of  the  tmnsparent  amyloid  material  siigaests  its 
formation  in  the  capillaries.  The  round  bodies  at  the  peri- 
pheral parts  of  lobii'es  are  fat  drops,  tliere  being  sliglit  fatty 
infiltration,    x  70.  (THnouFKLUKn.) 
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It  is  more  difficult  to  determine  the  nature  of  the  connection  between 
the  vice  in  the  blood  and  the  disease  in  the  tissues.  By  some  it  is  sup- 
posed that  the  amyloid  substance  arises  in  the  blood  by  modification  of 
the  albumen  and  is  then  infiltrated  into  the  structures  But  this  view 
cannot  be  accepted,  for  various  reasons.  In  the  first  place,  the  substance 
is  eminently  insoluble,  and  it  is  difficult  to  understand  how  it  can  be 
carried  by  the  blood;  besides  this  it  does  not  displace  the  normal 
structures  simply,  but  replaces  them,  these  structures  being  converted 
into  the  amyloid  substance.  It  is  more  consistent  to  suppose  that  the 
tissues  are  reduced  in  vitality  by  the  altered  condition  of  the  blood, 
and  that  the  albumen  of  the  blood  enters  into  combination  with  the 
protoplasm  in  such  a  way  as  to  produce  this  peculiar  substance.  The 
process  may  perhaps  be  compared  to  the  coagulation  of  the  tissues, 
which,  as  we  have  seen,  sometimes  occurs  when  they  undergo  necrosis, 
the  tissues  entering  apparently  into  a  chemical  union  with  the  fibrinogen 
in  the  fluid  exuded  from  the  blood-vessels,  so  as  to  form  fibrine  or  some 
substance  allied  to  it.  Amyloid  matter  has  frequently  been  compared  to 
fibrine,  and  Dickinson  has  suggested  its  affinity  with  de-alkalized  fibrine. 
The  existence  of  localized  amyloid  disease  is  strongly  confirmatory  of 
some  such  view  as  this.  In  this  condition  abnormal  structures  enter 
into  this  peculiar  chemical  combination  with  the  albumen  of  the  blood, 
while  normal  structures  do  not.  In  this  connection  also,  the  fact  that 
amyloid  disease  affects  the  connective  structures  of  the  body  is  not  to 
be  forgotten.  It  is  as  if  the  chemical  basis  of  these  structures  had  a 
special  relation  to  the  amyloid  substance.  Amyloid  disease  is  therefore 
essentially  a  degeneration,  although,  in  order  to  the  formation  of  the 
amyloid  substance,  it  is  necessary  to  have,  added  to  the  tissue, 
material  from  Avithout,  and  this  adds  greatly  to  the  bulk  and  weight 
of  the  structures. 

Character  of  the  lesions. — Amyloid  disease  may  affect  any  organ  of 
the  body,  but  it  is  particularly  frequent  in  the  spleen,  liver,  kidneys, 
intestine,  and  lymphatic  glands. 

In  all  these  organs  it  begins  in  the  walls  of  the  blood-vessels  more 
especially  the  walls  of  the  capillaries  and  smaller  arteries,  or  in 
the  connective  tissue.  In  advanced  cases  the  amyloid  substance  is  in 
such  quantity  and  the  proper  tissue  of  the  organs  is  in  many  cases  so 
much  atrophied  that  it  is  often  difficult  to  determine  its  precise  scat. 
In  early  cases,  however,  it  will  be  found  that  the  arteries  and  capillaries 
are  nearly  always  the  primary  seat.  It  is  readily  seen  in  the  liver,  for 
instance,  that  the  capillaries  are  affected,  the  hepatic  cells  undergoing 
atrophy.    Even  in  advanced  cases  the  arrangement  is  often  suggestive 
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of  radiating  capillary  tubes,  as  in  Fig.  38.  In  the  kidneys,  again,  it  is 
always  the  vessels  which  are  first  affected,  although  extension  may  occur 
to  the  basement  membrane  of  the  tubules.  In  the  spleen  the  arteries 
are  mostly  affected,  and  in  addition  to  these  either  the  walls  of  the 
sinuses  in  the  pulp  or  the  reticulum  of  the  malpighian  bodies.  (See 
under  Spleen.) 

The  distribution  of  amyloid  disease  varies  greatly  in  different  cases,  both  in  regard 
to  the  organs  chiefly  affected  and  the  parts  of  the  organs.  Thus  in  phthisis 
pulmonaUs  it  may  be  chiefly  present  in  liver,  spleen,  or  kidney,  and  it  may  be 
absent  in  one  of  these  organs  while  present  in  the  others.  Of  the  two  forms  of 
amyloid  disease  of  the  spleen  one  (the  sago  spleen)  is  characteristic  of  phthisis 
pulmonalis,  while  the  other  is  probably  the  form  mostly  met  with  in  syi^hilis. 

Considerable  discussion  has  occurred  as  to  the  existence  of  amyloid  disease  in 
epithelial  structures.  It  is  now  generally  admitted  that  these  are  rarely  if  ever 
involved,  and  if  they  are  it  is  in  advanced  cases.  In  the  liver  it  is  admitted 
that  the  arteries  and  capillaries  are  chiefly  affected,  but  Zyber  and  others  have 
asserted  that  the  hepatic  cells  are  involved.  The  author  has  not  been  able  to 
detect  any  amyloid  change  in  the  hepatic  cells. 

The  amyloid  substance  is  a  very  inert  matter.  It  is  insoluble  in 
water  and  alcohol  and  even  in  gastric  juice.  During  life  it  renders  the 
structures  involved  passive,  so  that  they  are  incapable  of  vital  changes. 
This  material  is  insoluble  in  the  juices  of  the  body,  but  consistently 
with  its  character  as  inert  matter  it  gives  ready  passage  to  fluids,  so 
that  during  life  the  prominent  symptom  of  amyloid  disease  in  the 
intestine  is  diarrhoea  and  in  the  kidneys  an  excessive  discharge  of 
watery  urine. 

A  frequent  residt  of  amyloid  disease  is  diminution  in  the  calibre  of 
the  blood-vessels,  and  this  must  lead  to  anaemia  of  the  organs.  To  this 
may  be  partly  ascribed  the  fatty  degeneration  and  atrophy  which  so 
frequently  accompany  the  process,  although  these  are  also  due  to  the 
pressure  of  the  swollen  structures. 

Structures  which  have  undergone  amyloid  degeneration  are  greatly 
increased  in  bulk  and  weight  and  this  tells  on  the  organ  as  a  whole. 
The  liver,  spleen,  and  kidneys  are  often  greatly  enlarged,  and  they 
present  a  peculiar  dense  translucent  appearance  which  has  given  rise  to 
the  names  waxy  and  lardaceous  disease  often  applied  to  amyloid 
degeneration. 

Localized  amyloid  disease.— This  does  not  occur  in  tissues  previously 
vmaltered,  there  is  always  some  preceding  local  lesion.  It  is  met  with 
chiefly  in  new-formed  inflammatory  tissue  and  cicatrices,  especially 
when  of  syphilitic  origin,  and  also  in  tumours.  It  has  been  seen  in 
syphilitic  cicatrices  in  the  liver,  tongue,  and  larynx,  in  degenerating 
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cartilage,  etc.  In  some  cases  the  amyloid  piece  of  tissue  is  of  con.si(lcr- 
able  size,  and  as  it  differs  in  its  hard  translucent  character  from  the 
tissues  around,  it  may  itself  look  like  a  tumour. 

Amyloid  concretions.  Corpora  amylacea.— In  old  extravasations  of 
blood  in  the  lungs  we  sometimes  meet  with  round  or  oval  stratified  bodies 
of  small  size  (see  Fig.  39  b),  which  somewhat  resemble  starch  graiudes, 
and  give  with  iodine  the  amyloid  reaction.  Sometimes  they  contain  in 
their  central  parts  a  foreign  body,  such  as  a  blood  crystal.  Again  in  the 
prostate  gland  (a)  we  meet  with  concretions  of  considerable  size,  it  may 

be  visible,  as  brown  granules,  to  the 
naked  eye,  with  all  the  characters 
of  stratified  amyloid  concretions. 
They  are  also  met  Avith  in  the 
tissues  of  the  central  nervous  .sys- 
tem (c);  they  are  present  in  the 
normal  brain,  especially  in  the 
epeiidyma  of  the  ventricles,  but 
in  cases  of  sclerosis  they  may  be 
present  in  enormous  numbers. 

The  reaction  of  these  bodies  is  not 
quite  the  same  as  that  of  ordinai-y 
amyloid  matter.  They  give  with  iodine 
more  of  a  blue  tint,  and  that  without 
adding  sulphuric  acid.  They  some- 
times fail  to  give  a  red  colour  with 
methylviolet.    Their  significance  is  not 


P  Fig.  39.— Corpora  amylacea:  a,  from  the  pro- 


state ;  b,  from  a  hajraorrhagic  infarction  of  the 
lung ;  c,  from  the  spinal  cord,    x  400.  (Zieolek.)  usually  very  great  in  a  practical  point 

of  view,  but  their  presence  under  these 

various  conditions  seems  to  prove  that  various  albuminous  substances  may  imdergo 

conversion  into  the  so-called  amyloid  substance. 

In  the  nervous  system  there  are  frequently  developed  artificially  clear  glancing 

bodies  which  somewhat  resemble  amyloid  bodies.    They  occur  as  a  result  of  the 

action  of  alcohol  in  hardening  the  tissue,  and  this  agent  should  therefore,  as  a 

general  rule,  be  avoided  in  preparing  the  brain  and  spinal  cord  for  histological 

investigation.    The  bodies  give  with  iodine  a  pale  yellow,  and  with  methylvliolet  a 

reddish  colour. .  They  are  devoid  of  pathological  significance,  although  some  writers 

have  referred  to  them  as  true  morbid  lesions.    (See  a  review  of  the  subject  by 

Middleton,  who  regards  them  as  foi-raed  by  the  action  of  alcohol  on  the  myeline  of 

the  medullated  nerve-fibres.) 

Literature.— VnicHow,  Virch.  Arch.,  vi. ;  Wilks,  Guy's  Hosp.  Eep.,  1856;  Kekci.e. 
Heidelberg  Jahrb.,  1858;  Kuhne  und  Edkneff,  Virch.  Arch.,  vol.  xxxiii.;  Coenii,, 
Arch.  d.  phys.,  1875  ;  Kybee,  Virch.  Arch.,  vol.  Ixxxi. ;  Bumi,  Lancet,  1880;  Eeport 
3n  lardaceous  disease,  Path.  Soc.  trans.,  vol.  xxii. ;  Faoqe,  Path.  Soc.  trans.,  vol. 
xxvii. ;  Dickinson,  Discussion  on  lardaceous  disease,  Path.  Soc.  trans.,  vol.  xxx. ; 
see  also  Greenfield,  Goodhart  and  others  in  this  discussion ;  Co.\t.s  (Amyloid  dis.  in 
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I'hthisis),  in  Gaiidner  and  Coats,  Lect.  to  practitioners,  1888;  Zahn  (Local  amyloid 
dis.),  Virch.  Arch.,  vol.  Ixxiii.  ;  Middleton,  Glas.  Med.  Jour,  xxii.,  1884. 

MUCOUS,  COLLOID  AND  HYALINE  DEGENEEATIONS. 

There  are  many  pathological  conditions  in  which  translucent,  glancing 
substances  appear  in  the  tissues,  and  it  is  frequently  difficult  or  impos- 
sible to  determine  the  chemical  and  other  relations  of  these  substances, 
which  were  all  at  one  time  called  colloid  substances.  In  regard  to  one 
of  them,  namely,  amyloid  substance,  the  reactions  are  so  definite  that 
it  can  readily  be  detected  even  in  small  quantities.  It  has,  therefore, 
been  separated  from  this  group.  Mucin  is  also  a  tolerably  definite  sub- 
stance, whose  reactions  generally  allow  of  its  detection.  But  even  in 
regard  to  it  there  are  cases  in  which  its  presence  is  doubtful,  and  there 
remain  many  conditions  in  which  the  colloid  or  hyaline  appearance  is 
\dsible,  but  the  na,ture  of  the  change  is  obscure. 

Most  authors  use  the  term  colloid  degeneration  to  cover  the  more  indefinite  forms, 
using  a  term  which  formerly  had  a  wider  significance.  Eecklinghausen  has  intro- 
duced the  term  Hyaline  to  indicate  a  substance  having  a  clear  translucent  appearance. 
This  author  includes  under  this  name  both  solid  and  semi-fluid  substances  having  the 
optical  characters  mentioned.  As  the  term  means  glassy,  it  seems  hardly  consistent 
to  call  by  this  name  tenacious  fluids,  such  as  that  found  in  the  thyi-oid  gland  in  some 
cases  of  goitre.  Perhaps  it  may  be  convenient  to  retain  the  term  colloid  for  the 
semifluid  matters,  and  hyaline  for  the  more  solid. 

1.  Mucous  degeneration. — This  is  characterized  by  the  presence  in 
the  tissues  of  Mucin.  This  is  a  normal  secretion  of  certain  elands,  and 
IS  a  body  of  definite  chemical  reactions.  It  is  closely  allied  to  albumen, 
but  it  is  precipitated  by  dilute  mineral  acids,  and  by  organic  acids 
(acetic  acid),  and  is  not  re-dissolved  by  excess  of  acid.  With  alcohol  it 
gives  a  membranous  and  fibrous  coagulum,  which  is  partly  re-dissolved 
in  excess  of  water.  Albumen,  on  the  contrary,  is  not  precipitated 
by  organic  acids,  and  its  precipitate  with  alcohol  is  flocculent,  and  not 
re-dissolved  by  water.  The  physical  characters  of  mucin  are  notable  in 
that,  in  even  small  amounts,  it  gives  fluids  a  sticky,  tenacious  char- 
acter. Thus  a  fluid  containing.5  per  cent,  of  mucin  will  be  tenacious, 
while  the  blood  serum  which  contains  9  per  cent,  of  albumen  is  quite 
liquid.  Paralbumin  is  closely  allied  to  mucin,  if  not  the  same  sub- 
stance. 

Mucin  is  present  ijathologically  either  in  cells  or  in  the  intercellular 
substance.  In  cells  it  has  its  physiological  type  in  the  secretion  of 
"incus.  This  takes  place  by  a  transformation  of  epithelial  cells,  which 
may  be  either  in  proper  mucous  glands  or  else  on  the  surflice  of  mucous 
membranes.    The  cells  show  in  their  protoplasm  a  clear  substance  which 
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gradually  distends  them,  and  they  become  goblet  cells.  The  mucin  is 
discharged,  the  cell  being  either  destroyed  or  returning  to  the  nonnal 
condition.  An  exaggeration  of  this  process  occurs  in  catarrhs  of  mucous 
membranes,  but  this  can  scarcely  be  called  mucous  degeneration.  There 
may  also  be  an  accumulation  of  mucus  in  a  cavity  or  cyst,  but  this  also 
is  to  be  distinguished  from  degeneration. 

A  definite  mucous  degeneration  occurs  in  tumours,  notably  in  ovarian 
tumours,  where  the  result  is  rather  paralbumin  than  mucin,  and  in 
certain  cancers.  In  the  colloid  ovarian  cystoma,  the  mucous  (or  colloid) 
matter  is  produced  by  a  process  of  secretion  in  glandular  structures, 
goblet  cells  being  characteristically  present.   (See  Fig.  40.)   In  colloid  or 


Fig.  40. — From  internal  surface  of  a  colloid  ovarian  cyst.  The  lining  epithelium 
is  mostly  in  the  form  of  goblet  cells,  the  superficiiil  parts  having  clear  transparent 
contents,    x  350. 


mucous  cancers  the  epithelial  cells  of  the  tumours  undergo  a  mucous 
transformation.  The  tumoui's  which  present  this  change  all  have  their 
seat  where  cylindrical  epithelium  is  a  normal  constituent. 

Mucin  differs  from  albumen  in  respect  that  it  has  no  tendency  to 
become  absorbed,  so  that  a  cavity  containing  a  mucous  fluid  is  not  likely 
to  have  its  contents  redu.ced  by  absorption. 

Mucin  is  present  in  the  intercellular  substance  in  the  tissue  of  the 
umbilical  cord,  which  may  be  taken  as  the  type  of  Mucous  tissue.  In 
this  tissue  the  intercellular  substance  is  composed  of  a  soft  jelly. 
Tumours  occur  which  are  composed  of  a  similar  tissue.  (See  Myxoma). 
A  true  mucous  dcgenoi'ation  occurs  Avhen  the  dense  matrix  of  cartilage 
or  bone  becomes  transformed  into  a  jelly  containing  mucin,  or  when  the  ■ 
adipose  tissue  becomes  like  mucous  tissue. 

2.  Colloid  degeneration. — Under  this  name  are  included  conditions  • 
in  which  the  cells  of  structures  secrete  or  become  converted  into  a  clear  ■ 
homogeneous  substance,  this  transformation  implying  the  destruction  of  ! 
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the  cells.  It  occurs  almost  as  a  physiological  process  in  the  Thyroid  gland, 
as  it  is  always  present  in  later  life  in  that  gland.  It  forms  an  im- 
portant element  in  the  commonest  form  of  Goitre,  in  which  there  is  an 
enlargement  of  the  gland.  The  thyroid  gland  consists  of  saccules  lined 
with  epithelium.  The  epithelial  cells  become  colloid  and  the  saccule 
comes  to  be  occupied  by  a  translucent  clump  of  colloid  matter,  which 
by  swelling  up  causes  enlargement  of  the  saccule.  In  the  Kidneys  we 
frequently  find  cysts  occupied  by  colloid  matter,  which  has  arisen  by 
transformation  of  the  epithelium  of  the  tubules  or  glomeruli. 

Myxcedema  is  a  condition  in  which  mucin  is  present  in  the  skin,  sub- 
cutaneous tissue,  etc.  It  is  accociated  with  changes  in  the  thyroid 
gland  under  which  it  will  be  discussed. 

3.  Hyaline  degeneration.— Eecklinghausen  has  introduced  this  term  to  designate 
conditions  in  which  a  clear  homogeneous  substance  of  a  vitreous  appearance  is 
present,  which  does  not  yield  the  reactions  of  amyloid  substance  or  mucin.  This 
Hyaline  has  special  reactions  to  some  staining  agents,  being  deeply  coloured  by  most 
of  the  acid  dyes.  Thus  carmine,  picro-carmine,  and  to  a  less  extent,  htematoxyline, 
eosine,  and  acid  fuchsine  stain  it  deeply.  It  is  an  inert  substance  and  its  presence 
implies  that  the  structures  involved  are  obsolete  if  not  dead.  The  substance  is 
insoluble  in  water  and  alcohol,  and  is  unaffected  by  acids  and  alkalies.  It  is  insol- 
uble in  the  juices  of  the  tissues;  at  most,  swells  up  when  acted  on  by  them  and 
remains  as  an  inert  substance.  Like  amyloid  matter  and  mucus,  it  arises  chiefly 
by  transformation  of  cells,  but  there  are  some  conditions  included  by  EeckUnghausen, 
in  which  this  can  hardly  be  said. 

It  is  not  asserted  by  EeckUnghausen  that  hyaline  has  a  determined  chemical  con- 
stitution, and  there  are  probably  many  different  conditions  included  in  the  name. 
Some  of  these  have  already  been  referred  to.  (1)  Colloid  degeneration  is  included  in 
hyahne  degeneration  ;  (2)  Some  instances  of  coagulation-necrosis  are  included,  and 
more  particularly  the  waxy  degeneration  of  muscle  ;  (3)  Tube  casts  in  the  kidneys 
(hyaline  cylinders)  and  similar  structures  met  with  in  inflammations  in  the  ducts  of 
the  sweat  glands,  and  in  the  ovarian  follicles ;  (4)  In  many  tumours,  as  in  lym- 
phomas, sarcomas,  and  cancers,  as  well  as  in  tubercles;  (5)  On  mucous  membranes, 
forming  the  main  constituent  of  diphtheritic  membranes ;  (6)  In  thrombi  and  fibrinous 
exudations,  where  the  fibrine,  at  first  forming  a  net-work,  becomes  converted  into  a 
hyaline  homogeneous  material ;  the  thrombi  in  aneurysms  often  assume  this  char- 
acter ;  (7)  In  the  eye  as  prominences  in  the  hyaloid  membrane. 

Literature. — Eecklinghausen,  Allg.  Path.,  p.  404. 

CAI.CAEEOUS  INFILTEATION  AND  CONCEETIONS. 
By  these  terms  is  meant  the  pathological  deposition  of  lime-salts. 
In  Ossification  we  have  the  salts  of  lime  united  with  an  organic  matrix, 
and  the  tissue  has  a  definite  structure  in  which  living,  active  cells  are 
present.  In  Calcareous  infiltration  the  same  salts,  chiefly  the  carbonate 
and  phosphate  of  lime  are  deposited  in  tissues  without  entering  into  any 
proper  union  with  them,  and,  in  feet,  the  deposition  of  the  lime  is  in 
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itself  evidence  that  the  tissue  has  virtually  lost  its  vitality.  A  Concre- 
tion is  a  solid  body,  formed  generally  by  deposition  from  a  fluid.  Such 
solid  bodies  consist  in  many  cases  of  lime-salts. 

Causation. — Lime-salts  or  other  soluble  matters  may  be  deposited 
because  they  are  present  in  excess.  In  cases  of  rapid  destruction  of 
bone,  as  by  an  advancing  cancer,  the  alDsorbed  lime-salts  are  present  in 
the  blood  in  excess,  and  we  may  have  a  metastatic  calcification  of  the 
lung  or  intestine.  There  may  be  thus  an  incrustation  such  as  to  make 
the  tissue  like  pumice-stone.  In  some  cases  of  this  kind  there  has  been 
a  co-existent  disease  of  the  kidneys  hindering  the  due  excretion  of  the 
lime-salts. 

In  mo.st  instances,  however,  the  presence  of  dead  or  obsolete  matter 
or  a  foreign  body  is  the  chief  determining  cause  of  deposition.  The 
blood  and  principal  fluids  contain  lime-salts  in  solution,  and,  under 
certain  circumstances,  these  are  liable  to  precipitation.    In  the  living 


Fig.  41. — Calcareous  Infiltration  in  a  tumour;  u,  cells  of  smooth  muscle  filled 
with  lime  granules  ;  h,  a  blood-vessel  converted  into  a  solid  rod.    x  350. 


tissues  there  is  a  continual  circulation  of  the  fluids,  and  these  latter  do 
not  linger  long  enough  to  undergo  any  serious  chemical  change.  In 
dead  or  obsolete  structures,  on  the  other  hand,'  the  juices  ■will  lie 
stagnant,  and  are  liable  to  undergo  chemical  changes.  Both  in  the  case 
of  concretions  and  infiltrations  there  is  usually  a  foreign  body  or  piece 
of  dead  matter  as  the  centre  of  deposition.  In  addition,  the  circum- 
stances are  fre(|uently  such  as  to  cause  stagnation  of  the  fluid. 
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Characters  of  the  lesions. — The  lime-salts  are  deposited  in  the  first 
instance  in  the  form  of  fine  globular  granules,  either  in  the  protoplasm 
of  cells  or  in  the  intercellular  substance.  The  structure  is  as  if  dusted 
vnth  refracting  graiuiles,  and  the  appearances  in  many  respects  resemble 
those  of  fatty  degeneration.  (Fig.  41  a.)  As  the  salts  accumulate,  the 
appearance  of  granules  is  somewhat  lost  and  a  more  continuous  petrifac- 
tion results.    (Fig.  4:2  h.)    Sometimes  the  structure  becomes  in  con- 


Fig.  42. — Calcareous  infilh-ation  of  the  middle  coat  in  an  ai-tei-y.  The  lime  salts  have 
aggregated  together  so  as  to  produce  a  crystalline  appearance,    x  22. 


sequence  homogeneous  and  somewhat  transparent  as  in  Fig.  42.  The 
addition  of  a  dilute  mineral  acid  causes  the  salts  to  dissolve,  and, 
us  carbonates  are  nearly  always  present,  solution  occurs  with  evolu- 
tion of  gas. 

Examples  of  this  process  are  very  numerous.  A  minute  parasite,  the 
trichina  spiralis,  occurs  in  the  embryo  form  in  the  muscle  of  man  and 


Fig.  43.— Trichina  spiralis  in  niusclo.  Tlio  capsules  infiltrated  with  lime,  and  in  one 
';iise  a  dead  worm  shrivelled  and  impregnated  with  lime. 


animals;  it  lies  there  quiescent,  coiled  up  si)irally  and  surrounded  by  a, 
capsule.    It  is  virtually  a  foreign  body,  and  the  capsule  is  hy  degrees 


174 


RETROGRADK  CHANGES. 


impregnated  with  lime,  assuming  an  opaque  appearance  at  its  poles 
{Fig.  43).  If  the  embryo  itself  dies,  it  also  may  become  impregnated 
with  lime  (see  Fig.  43,  lower  part).  Sometimes  an  extra-uterine  foetus 
•dies  and  remains  inside  the  abdomen  as  a  foreign  body.  It  becomes 
surrounded  by  adhesions  and  partially  encapsuled.  The  capsule  and 
superficial  parts  of  the  foetus  become  through  time  encrusted  with  lime, 
forming  the  so-qalled  Lithopsedion.  Again,  an  inflammatory  exudation 
in  the  pericardium  may  dry  in  and  become  impregnated  with  lime.  In 
phthisis  pulmonalis,  if  healing  occurs,  the  contents  of  cavities  and 
inflammatory  products  may  dry  in  and  become  surrounded  by  a  capsule ; 
impregnation  with  lime  results,  leading  to  a  pultaceous  or  mortary 
material,  which  may  ultimately  condense  into  a  stony  mass.  Again,  in 
valvular  disease  of  the  heart,  due  to  chronic  endocarditis,  the  new-formed 
connective  tissue,  by  its  contraction,  becomes  hard  and  dry  and  virtually 
■obsolete,  and  deposition  of  lime-salts  occurs. 

These  are  examples  of  calcification  of  foreign  bodies  or  pathological 
products,  but  we  may  have  the  process  occurring  in  the  ordinary  tissues, 
when  they  have  become  obsolete.  In  the  middle  coat  of  arteries  of  old 
people,  calcareous  infiltration,  beginning  in  the  muscular  fibre-cells  of 
the  middle  coat,  frequently  leads  to  massive  petrifaction  of  the  arteries 
(see  Fig.  42),  so  that  they  form  rigid  tubes.  The  cartilages  of  old 
people  are  also  liable  to  impregnation  with  lime.  The  crystalline  lens 
of  the  eye  may  undergo  a  similar  deposition  in  certain  forms  of  cataract. 

In  some  cases  the  calcification  is  followed  by  a  true  ossification. 
Thus  calcareous  infiltration  of  the  middle  coat  of  arteries  is  not  in- 
frequently associated  vtdth  ossification  (Paul,  Coats),  and  the  calcification 
of  the  ribs  of  old  people  frequently  passes  into  ossification.  Again  the 
author  found  in  an  old  hydatid  cyst  in  the  liver  true  bone  associated  Avith 
calcification.  In  these  cases  the  rigid  calcified  structure  probably  acts 
as  a  foreign  body,  inducing  the  formation  of  granvdation  tissue  around  it. 
The  granulation  tissue  may  eat  into  the  calcareous  mass,  and  it  looks  as 
if  the  presence  of  lime-salts  induced  it  to  develop  into  bone  rather  than 
into  ordinary  connective  tissue. 

Literature. — Weber,  Virch.  Arch.,  vol.  vi.;  Virchow,  do.,  vols.,  viii.,  xi.,  xx.; 
Zahn,  do.,  vol.  Ixii.;  Kyber,  do.,  vol.  Ixxxi.;  Paul,  Path.  Soc.  trans.,  vol.  xxsvii. 
p.  216;  Coats,  Glas.  Med.  Jour.,  vol.  xxvii.,  1887,  p.  265;  Cohn.,  Virch.  Arch., 
vol.  cvi. 
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SECTION  VII. 

NEWFORMATION.  i 

HYPEETROPHY,  EEPAIR,  REGENERATION,  TRANS- 
PLANTATION. 

Newfokmation  of  Tissue  hy  Karyomitods.  Genesis  of  neiuformations,  from  indif- 
ferent cells;  Metaplasia.  Hypektrophy,  compared  with  normal  growth;  (1) 
Hypertrophy  from  congenital  procliviti/ ;  (2)  compensatory;  (3)  fi'om  increased 

ihlood-supplii ;  (4)  from  direct  stimulation;  (5)  from  friction.  Repair  of  In- 
juries, limited  powers  of  restoration  in  man;  healing  of  wounds.  Regenera- 
tion OF  Tissue,  chiefly  blood,  epithelium,  and  connective  tissues,  also  nerve  and 
miiscle.  Transplantation,  effected  by  experiment  in  animals,  spontaneously  and 
Ity  operation  in  man. 
I. -NEWFORMATION  OF  TISSUE. 

rpHE    pathological    newformation   of  tissue  occurs  by  processes 
analogous  to  those  concerned  in  the  physiological  formation  of 
tissue  in  the  process  of  growth. 

Karyomitosis  [Kapvov  =  nucleus,  pros  =  a  thread  or  fibre). — The  new- 
formation  of  tissue,  whether  physiological  or  pathological,  implies  cell- 
division.  According  to  the  A'iews  of  Remak  this  process  consisted  in  a 
direct  division  of  the  nucleus  and  cell.  The  recent  observations  of 
Flemming  and  Strassburger  show  that  in  the  growth  of  both  animal  and 
vegetable  tissues  the  process  is  not  so  direct,  but  involves  certain 
changes  in  the  nucleus  of  a  striking  and  jjcculiar  nature.  To  this 
process  the  names  Indirect  division,  Karyokinesis,  and  Karyomitosis 
have  been  applied. 

This  process  occupies  a  comparatively  short  time,  seconds  or  minutes,  and  is  not 
readily  seen  in  the  products  of  post-mortem  examinations.  In  order  to  observe  it 
the  tissues  should  be  obtained  from  the  living  body  and  immediately  subjected  to 
the  proper  hardening  processes,  preparatory  to  microscopic  examination. 

The  Nucleus  in  a  state  of  rest  is  not  a  homogeneous  body.  It  has  a 
limiting  membrane,  insidcJ  which  the  contents  are  composed  of  two  sub- 
stances.   One  of  these  is  deeply  stained  by  certain  rc-agents  and  is 
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hence  called  Chromatic  substance,  while  the  other  is  less  stained  and  is 
called  Achromatic.  The  chromatic  substance  forms  a  finely  fibrous 
stroma  (see  a,  Fig.  44),  between  which  the  achromatic  sub.stance  and 


Pig.  44. — Division  of  cells.    Explanation  in  test.    (After  Flb.mmixg.) 


the  nucleoli  lie.  It  is  the  fibrous  stroma  which  is  mainly  concerned  in 
the  processes  which  precede  division.  The  membrane  and  nucleoli  dis- 
appear and  the  fibres  become  thicker  and  stain  more  deeply  than  before 
(see  Ij,  Fig.  44),  being  converted  into  a  convoluted  fibre,  or  .system  of 
fibres.  These  fibres  seem  to  have  a  power  of  movement  according  to 
which  they  alter  their  arrangement  as  the  process  proceeds  (hence 
the  name  karyokinesis,  from  Kapvov  =  nucleus,  and  Kivyja-i's  =  movement). 
From  this  convoluted  form  develops  the  stellate  form  of  the  fibres  (r), 
the  fibres  by  longitudinal  division  becoming  finer  (d).  The  fibres  now 
arrange  themselves  in  the  equator  of  the  nucleus  (at  d  and  e),  and  here 
they  divide  into  two.  The  two  halves  now  diverge  from  one  anothei" 
towards  the  poles  of  the  cell,  forming  there  the  fibres  of  the  new  nuclei, 
and  having  at  first  a  stellate  arrangement  (/).  This  b}^  degrees 
gives  place  to  a  convoluted  arrangement  and  the  nucleus  subsides  into 
the  state  of  rest,  the  fibres  to  a  great  extent  disappearing,  and  the  cell- 
membrane  being  formed.  After  the  polar  separation  of  the  daughter 
nuclei  the  cell  itself  shows  .signs  of  division,  and  so  the  proce.ss  is 
completed. 

The  process  of  karyomitosis  is  to  be  observed  in  all  kinds  of  patholo- 
gical newformation.  It  is  abundantly  evident  in  growing  tumours,  in 
tubercles  (according  to  Baumgarten),  in  inflammatoiy  newformations. 
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and  it  is  probably  the  chief,  if  not  the  only  method,  of  newformation 
of  permanent  cells.  In  fact,  the  activity  of  newformation  may  in 
general  be  estimated  by  the  number  of  cells  in  which  karyomitosis  is 
\-isible. 

According  to  Arnold  the  process  is  not  so  uniform  as  that  described  above,  but 
follows  two  tj-pes  which  he  designates  segmentation  and  fragmentation,  but  he  sug- 
gests that  the  two  may  be  simply  modifications  of  the  same  type.  There  is  pro- 
bably, in  addition  to  this,  a  direct  division  of  cells,  which  occurs  chiefly  in 
leucocytes. 

Genesis  of  newformatlons. — An  important  question  in  regard  to 
newformations  is,  as  to  their  origin  and  their  relation  to  the  existing 
tissues.  It  will  be  found  that  the  new-formed  tissue  always  conforms 
in  the  details  of  its  structure  to  one  or  other  of  the  normal  tissues.  No 
newformation  is  therefore  foreign  to  the  organism,  there  is  no  hetero- 
logous or  heteroplastic  newformation  in  this  sense.  For  the  most  part, 
also,  the  new-formed  tissue  obviously  springs  from  and  is  in  close  rela- 
tion with  tissue  of  its  own  kind.  It  sometimes  happens,  however,  in 
the  case  of  tumours  that  their  tissue  extends  to  structures  of  a  dif- 
ferent nature  from  their  own,  and  in  this  sense  the  term  heterologous  is 
sometimes  used. 

In  its  earlier  periods,  after  the  cleavage  of  the  germinal  vesicle,  the 
embryo  consists  of  a  mass  of  round  cells  which,  from  the  fact  that  they 
present  no  visible  differentiation  of  structure,  may  be  called  Indifferent 
cells.    These  cells  form  the  three  germinal  layers,  the  epiblast,  hypo- 
blast, and  mesoblast.    When  once  this  differentiation  has  occuiTed  these 
layers  remain  distinct,  and  each  produces  its  own  special  tissues.  The 
same  distinction  is  presumably  carried  out  in  jDathological  newformations. 
It  was,  indeed,  suggested  by  Virchow  that  the  connective  tissue  which 
exists  in  every  part  of  the  body,  penetrating  amongst  other  tissues,  may 
be  regarded  as  the  remains  of  the  undifferentiated  embryonic  tissue.  In 
this  sense  he  regarded  connective  tissue  as  the  essential  agent  in  new- 
formation  of  tissue,  and  as  capable  of  producing  epithelial  tissues  as  well 
as  those  of  its  own  kind.    In  more  recent  times  there  was  a  tendency  to 
ascribe  to  the  leucocytes  which  emigrate  from  the  blood-vessels  a  some- 
w-hat  similar  position,  and  to  ascribe  at  least  some  newformations  to 
the  development  of  these  cells.    The  general  belief  now  is  that  the 
(differentiation  of  the  germinal  layers  holds  for  pathological  as  well  as 
or  physiological  newformation,  and  that  tissues  do  not  originate  except 

rom  tissues  of  their  own  nature.    The  greatest  difficulty  in  this  respect 
IS  in  regard  to  cancers,  under  which  heading  the  subject  will  recur. 
Metaplasia.— A  certain  interchangeability  is  manifested  among  the 

iffercnt  tissues  belonging  to  the  connective  tissue  series.  These 
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really  form  a  single  tissue  having  certain  modifications,  so  that  fibrous 
tissue,  bone,  cartilage,  mucous  tissue,  adipose  tissue,  may  not  only  be 
developed  to  a  certain  extent  from  each  other,  but  may  even  be  con- 
verted, when  mature,  into  each  other.  Here  we  have  a  true  metaplasia. 
Thus,  adipose  tissue,  by  absorption  of  the  fat,  becomes  loose  connective 
tissue,  connective  tissue  by  attraction  of  lime  salts  becomes  osseous 
tissue,  cartilage  also  develops  into  bone,  or,  by  a  different  change  in  its 
matrix,  forms  mucous  tissue. 

Classification  of  newformations. — The  iiewformation  of  tissue 
occurs  under  three  different  circumstances.  It  may  be  ^drtually  a 
continuation  of  normal  growth,  the  new  tissue  being  produced  to 
subserve  the  normal  functions  of  the  body.  Secondly,  it  may  le 
produced  in  consequence  of  the  application  of  an  irritant  which  directly 
stimulates  the  tissues.  Inflammatory  newformation  is  an  example  of 
this,  and  we  have  a  further  example  in  the  specific  or  infective  new- 
formations.  Lastly,  there  is  a  group  in  which  no  cause  is  apparent  for 
the  newformation,  the  tissue  simply  grows,  without  any  apparent 
stimulus  and  without  any  purpose  in  the  economy.  "This  comprises  the 
group  of  tumours  proper. 

In  the  present  section  the  first  of  these  groups  will  be  considered. 

Literature.— JTarf/owwilosis—FLBMMiNG,  Virch.  Arch.,  vol.  Ixxvii.,  and  Zellsubstany, 
Kern-  und  Zelltheilung,  1882 ;  Stbassbtjbgeb,  Zellbildung  und  Zelltheilung,  187(i, 
Kerntheilung,  1884;  Ebebth,  Virch.  Arch.,  vol.  Ixvii. ;  Arnold,  Virch.  Ai-ch.,  xciii., 
xcv.,  xcviii. ;  Baumgaeten,  Tuberkel  und  Tuberkulose,  1885  ;  Maetin,  Virch.  Arch., 
Ixxxvi. ;  Klein,  Quarterly  Jour,  of  Micr.  Science,  xvii.  and  xix. ;  Bizzozeko,  Vu-ch. 
Arch.,  ex.  (here  a  very  good  method  of  staining  which  the  author  has  found  veiy 
efficient). 

II.  — H  YPPmTROPHY. 

The  term  hypertrophy  means  overgrowth  or  excessive  growth. 
Looking  to  the  cellular  constituents  of  the  tissues,  VirchoAv  has  drawn 
a  distinction  between  an  increase  of  tissue  due  to  an  enlargement  of  the 
cells,  and  that  due  to  a  numerical  increase,  applying  to  the  latter  the 
term  Hyperplasia.  This  distinction,  however,  cannot  be  carried  out,  as 
in  many  cases  both  substantial  and  numerical  increase  may  be  present. 
The  term  hyperplasia  may,  however,  be  used  where  it  is  intended  to 
convey  the  meaning  that  cell-division  or  proliferation  is  present. 

Normal  growth,  as  seen  in  the  tissues  during  the  period  of  ad- 
olescence, is  determined  by  impulses  inherent  in  the  impregnated 
embryo.  Already,  at  this  early  period,  the  sex,  and  details  of  structure 
are  implicitly  inherent  in  the  embryo,  which  enters  on  its  career  of 
development  with  a  pre-dctermined  plan.  The  tissues  cease  to  grow  at 
the  period  of  matiuity  not  because  their  powers  of  newformation  have 
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been  exhausted,  but  because  this  plan  has  been  fulfilled.  Hypertrophy 
may  occur  because  of  some  error  in  the  eml)ryonic  arrangements,  or  it 
may  l^e  duo  to  some  stimulus  acting  on  the  tissues  after  bii-th.  In  the 
latter  case  the  eflfect  will  be  greater  when  the  stimulus  is  applied  during 
the  period  of  normal  growth  than  after  the  state  of  maturity  has  been 
reached.  In  all  cases  the  new-formed. tissue  is  in  structure  and  function 
essentially  similar  to  the  normal  tissue  of  its  kind  and  forms  an  addition 
to  the  existing  active  tissue  of  that  kind. 

1.  Hypertrophy  from  congenital  proclivity.— There  may  be  an 
excessive  growth  of  the  whole  body,  so  that  the  person  becomes  a  giant; 
or  there  may  be  a  localized  hypertrophy,  as  of  the  fingers,  one  side  of 
the  &ce,  etc.  There  are  also  cases  in  Mdiich  at  birth  there  is  a  hyper- 
trophy of  the  tongue,  penis,  neck,  or  a  lower  extremity. 

■2.  Compensatory  hypertrophy.— This  form  of  hypertrophy  implies 
that,  as  a  result  of  some  defect  in  the  organism,  some  function  has  been 
called^  into  unusual  exercise.  As  a  result  of  the  continued  excessive 
exercise,  the  tissue  is  increased.  The  necessity  for  this  increased  exer- 
cise may  arise  in  one  of  two  ways ;  there  may  be  from  atrophy  or 
destruction,  an  actual  loss  of  tissue,  and  the  remaining  tissue  enlarges 
to  bring  it  up  to  the  normal  amount ;  or  the  circumstances  may  be  such 
as  to  call  for  the  exercise  of  a  particular  function  in  excess  of  what  is 
usual,  so  that,  in  relation  to  the  increased  need,  the  existing  tissue  is 
defective  in  amount.  In  this  case  the  new-formed  tissue  constitutes  by 
so  much  an  absolute  excess  over  the  average  normal. 

The  most  striking  instance  of  compensatory  hypertrophy  from  loss 
of  tissue  is  that  afforded  by  the  enlargement  of  one  Iddney  as  a  result 
of  destruction  or  disease  of  the  other.  The  hypertrophied  kidney  will 
sometimes  attain  to  the  bulk  of  the  two  normal  ones,  especially  if  the 
lesion  has  occurred  in  a  young  person.  A  similar  hypertrophy  occurs 
in  the  lung  in  cases  of  congenital  non-inflation  of  one  lung;  also  in  the 
testicle,  where  one  is  wanting  or  defective  in  its  development,  and  in 
the  liver,  where,  from  destruction  of  a  large  portion  of  the  right  lobe, 
the  left  may  attain  to  the  size  which  the  right  normally  presents.  (See 
under  the  affections  of  these  various  organs.) 

It  is  necessary  to  distinguish  Pseudo-hypertrophy  from  the  proper  compensatory 
hypertrophy  illustrated  above.  Atrophy  of  a  tissue  may  be  accompanied  by  an  ex- 
cessive growth  of  tissue  different  from  that  which  has  been  lost,  and  the  new  tissue 
may  not  only  make  up  the  normal  bulk  but  exceed  it,  so  as  to  give  an  appearance  of 
nypertrophy.  Atrophy  of  muscle  is  frequently  accompanied  by  development  of 
a«ipose  tissue  between  the  ultimate  fibres,  and  in  pseudo-hypertrophic  paralysis  a 
'eceptive  appearance  of  hypertrophy  of  the  muscles  is  produced.  A  similar  exces- 
«ve  production  of  adipose  tissue  sometimes  occurs  around  effete  and  disused  glands, 
««ch  as  the  mamma  (see  p.  1(59). 
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The  other  form  of  comijensatory  hy]3crtrophy,  that  characterized  by 
absolute  excess  of  tissue,  is  exhibited  chiefly  in  muscular  organs.  In 
the  case  of  canals  Avith  muscular  walls,  constrictions  of  the  canals  or 
orifices  and  defect  in  the  valves  frequently  occur,  arid  these  may  neces- 
sitate increased  muscular  effort  to  compensate  for  the  defect.  Thus  the 
Avails  of  the  heart  frequently  hypertrojAy  from  disease  at  the  orifices,  in 
the  valves,  or  in  the  general  vascular  system.  The  urinary  bladder 
shoAvs  hypertrojjhy  of  its  muscular  coat  in  consequence  of  obstruction 
at  its  neck  (enlarged  prostate)  or  in  the  urethra.  The  muscular  coat  of 
the  stomach  frequently  hypertrophies  from  obstruction  of  the  pylorus, 
and  that  of  the  intestine  from  obstruction  of  its  calibre.  (See  under 
the  organs  named.) 

3.  Hypertrophy  from  increased  blood-supply. — In  ordinary  groAvth 
of  tissue,  Avhether  normal  or  pathological,  the 
blood-vessels  strictly  follow  the  groAving  tissue, 
and  are  formed  according  to  its  needs.  But  if, 
from  some  accidental  circumstance  or  by  artificial 
interference,  the  blood-supply  be  greatly  in- 
creased, then  excessive  groAvth  may  result.  If 
the  spur  of  the  cock  be  removed  from  the  leg 
and  successfully  transplanted  into  the  comb,  it 
Avill  grow  with  excessive  Angour,  forming  a 
prominent  horn-like  structure.  Here  the  exces- 
sive supply  of  blood,  the  comb  having  a  much 
more  active  circulation  than  the  leg,  induces  an 
excessive  groAvth  of  the  epidermis  forming  the 
spm\ 

In  human  pathology  Ave  have  numerous 
instances  of  hypertrophy  analogous  to  this. 
Increased  actiAdty  of  the  circulation  Avill  often 
lead  to  hypertrophies.  We  see  it  in  the  neigh- 
bourhood of  inflammations.  Determination  of 
blood  exists  outside  the  immediatelj'  inflamed 
area,  and  if  this  is  prolonged  it  may  lead  to 
overgrowth  of  the  tissues.  In  this  Avay  Ave  may 
account  for  the  excessive  groAvth  of  hair  some- 
times seen  in  the  neighbourhood  of  ulcers,  near 
-Eloiigivtion  and  diseased  joints,  and  at  the  ends  of  stumps  Avhich 
S"uecrosu"duri^^^^  have  remained  long  inflamed, 

growth.  (Paget.)  ^  ^^^^.^  striking  instance  of  hypertrophy  of  this 

kind  is  sometimes  afforded  in  bones.  In  the  neighbourhood  of  in- 
flamed joints  the  surface  of  the  bones  is  often  nodulated,  and  the  bones 
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gi'catly  thickened  by  newformation  under  the  periosteum.  Again,  if  a 
boy  has  a  necrosis  of  the  femur,  the  whole  bone  may  be  more  richly 
supplied  with  blood,  and  the  normal  growth  accelerated.  The  necrosis 
may  be  recovered  from,  and  the  i^erson  be  left  Avith  a  permanently 
elongated  femur  which  may  be  as  much  as  two  inches  longer  than 
the  other,  and  this  may  lead  to  considerable  lameness.  The  tibia  is 
differently  situated  to  the  femur.  Its  two  extremities  are  tied  to  the 
ends  of  the  hbula  by  firm  ligaments,  and  so  the  bone  cannot  freely 
elongate.  If  overgrowth  occurs  the  bone  must  curve  so  as  to  accom- 
modate itself.  An  example  of  this  is  shown  in  the  accompa.nying 
Fig.  45,  from  a  preparation  in  St.  Bartholomew's  Museum  (quoted  by 
Paget),  in  which  the  bone,  measured  over  its  curve,  was  two  inches 
longer  than  the  healthy  one. 

4.  Hypertrophy  from  direct  stimulation. — From  the  observations 
of  Gies  it  appears  that  small  closes  of  arsenic  administered  to  growing- 
rabbits  cause  increased  growth  in  the  bones.  When  administered  to 
pregnant  rabbits  the  young  were  born  with  both  soft  parts  and  bones 
larger  than  those  of  the  young  of  rabbits  of  similar  size.  Wagner 
found  that  small  doses  of  phosphoi'us  given  to  young  animals  caused 
the  epiphyseal  layer  of  cartilage  to  produce  dense  bone  instead  of 
spongy.  The  periosteum  also  produced  bone  in  excess,  so  that  in-^ 
creased  thickness  resulted.  In  these  instances  the  arsenic  and  phos- 
phorus seem  to  act  as  dii'ect  stimulants  to  the  bone  and  other  tissues. 

0.  Hypertrophy  from  pressure  or  friction. — Thickenings  of  the 
epidermis  occur  in  places  where  the  skin  is  exposed  to  unusual  pressure 
or  friction.  Continued  pressure,  as  by  a  splint  or  bandage,  causes 
atrophy,  but  intermittent  pressure,  by  allowing  the  parts  to  recoA'er,  and 
by  affording  time  for  increased  nutrition,  gives  rise  to  hypertrophy. 
We  have  thus  the  horny  hands  of  workmen,  and  corns  which  consist 
of  concentric  thickenings  of  the  epidermis.  The  same  law  applies  to 
internal  jiarts,  but  as  pressure  from  within,  produced  by  tumours, 
aneurysms,  etc.,  is  usually  constant,  atrophy  is  much  more  frequently 
the  result.  Hence  the  original  statement  of  John  Hunter  is  justified, 
that  pressure  from  without  produces  thickening,  while  that  from  within 
causes  atrophy,  although  it  is  not  to  be  taken  without  reservation. 

Literature.— HuNTEH,  Piilnier's  ed.,  vol.  i.  pp.  421  and  560 ;  Vnicnow,  Cellular 
Path. ;  Paget,  Lect.  on  Surg.  Path. ;  Stanley,  Diseases  of  the  bones,  1839 ;  Coats, 
Compensatory  hypert.,  Proc.  Lond.  Med.  Soc,  vol.  vii. ;  Gies,  Arch.  f.  exp.  Path. 
»•  Pharm.,  vol.  viii. ;  WEfiNEii,  Virch.  Arch.,  Iv. 
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III.— REPAIR  OP  INJURIES.    REGENERATION.  TRANSPLANTATION. 

The  term  Regeneration  is  apiDlied  to  the  restoration  of  portions  of 
the  body  which  have  been  lost  by  injury  or  disease.  The  regeneration 
of  a  part  is  to  be  carefully  distinguished  from  mere  growth  or  hyper- 
trophy. A  tissue  may  be  able  under  suitable  stimulation  to  reproduce 
its  elements,  and  increase  in  size ;  but  for  the  replacement  of  a  lost 
part,  if  at  all  considerable,  there  must  be,  virtually,  a  renewal  of  the 
process  of  development. 

The  reproduction  of  lost  parts  in  their  entirety  occurs  readily 
in  some  of  the  lowest  forms  of  animals.  In  the  hydra,  if  the  creature 
be  cut  in  two,  each  half  will  develop  into  a  complete  animal,  and  the 
process  may  be  repeated  indefinitely.  This  power  of  reproduction  of 
the  whole  animal  from  a  part  seems  confined  to  those  creatures  which 
can  propagate  by  spontaneoiis  fission  or  gemmation.  When  we  come 
to  animals  higher  in  the  scale  the  power  of  reproduction  seems  to  be 
limited  to  the  restoration  of  lost  limbs,  antennae,  etc. 

Without  going  into  details,  whicli  will  be  found  by  reference  to  Paget's  "  Lectui-es 
on  Surgical  Pathology,"  it  may  be  said  that  there  are  indications  which  seem  to 
show  that  there  is  some  kind  of  law  according  to  which  the  reparative  power  in 
each  perfect  species  is  in  inverse  proportion  to  the  amoimt  of  change  which  the 
animal  has  passed  through  in  its  development  from  the  embryonic  to  the  perfect 
state.  It  is  as  if,  in  the  process  of  development,  the  formative  power  as  dis- 
tinguished from  mere  growth  were  gradually  exhausted,  and  the  process  of  repro- 
duction, which,  we  have  seen  to  be,  as  it  were,  a  renewal  of  that  of  development, 
only  occurs  when  this  power  has  been  comparatively  little  expended.  It  appears, 
for  instance,  that  in  insects  the  power  of  reproducing  antennas  or  limbs  is  hmited 
to  those  species  which  have  attained  the  perfect  state  through  a  comparatively 
simple  and  direct  course  of  development.  It  is  consistent  with  this  view  that  in  the 
larval  state  insects  show  a  much  greater  power  of  reproduction  than  when  perfect. 
The  larva  of  one  of  the  higher  insects  will  be  able  to  reproduce  its  Hmbs,  while  the 
perfect  insect  is  not. 

In  man,  and  in  the  vertebrata  in  general,  the  long  course  of  development  seems 
largely  to  exhaust  the  reproductive  power  of  the  body,  and,  in  the  adult  state  at 
least,  the  power  of  restoration  of  lost  parts  is  very  limited,  and  the  processes  con- 
cerned are  almost  as  much  related  to  gro\\-th  of  tissue  as  to  development.  In  the 
embryonic  state  it  is  probable  that  the  power  of  restoring  lost  parts  is  much  greater 
than  in  the  adult.  Some  children  are  born  with  a  short  ami  at  the  extremity  of 
which  are  imperfectly  developed  fingers;  it  is  probable  that  in  these  cases 
amputation  of  the  arm  has  occurred  in  ute.ro,  and  an  attempt  at  restoration 
has  followed. 

In  the  adult  it  may  be  said  that  restoration  of  lost  structures  is 
almost  confined  to  the  epithelial  and  connective  tissues  aTid  to  the  blood. 
Along  with  the  connective  tissues  we  have,  of  course,  blood-vessels 
which  are  readily  reproduced,  and  we  may  also,  to  a  limited  extent, 
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iuchide  nerve  fibres,  which,  as  we  shall  see  afterwards,  are  sometimes 
restored. 

1.  Repair  of  injuries. — While  the  absolute  restoration  of  complete 
and  considerable  portions  of  the  body  is  scarcely  possible  in  man,  yet 
the  body  is  by  no  means  unprovided  with  powers  by  which  injuries  are 
repaired  and  loss  of  structures  is  made  good.  It  may  be  said  that  the 
higher  and  more  complex  animals  are  endowed  with  greater  ability  to 
protect  themselves  from  injury,  and  that  their  tissues  possess  the  neces- 
sary powers  of  restoration  in  the  case  of  those  injuries  to  which  they 
are  specially  liable.  In  the  various  processes  here  to  be  considered,  it 
will  be  seen  that  what  may  be  called  the  definite  intention  to  attain,  a 
certain  result  which  is  shown  in  the  process  of  development,  is  dis- 
tinctly visible,  and  that  the  tissues  have  a  remarkable  power  of 
meeting  adverse  conditions. 

Healing  of  wounds. — The  power  of  repair  is  well  seen  in  the  various 
processes  concerned  in  the  healing  of  wounds.  There  are  some  wounds 
which  heal  by  a  process  fitly  designated  Immediate  union.  That  is  to 
say,  the  surfaces  are  brought  together  and  coalesce  without  any  new- 
formed  material  being  produced  to  serve  as  a  bond  of  union.  This 
occurs  mostly  in  clean-cut  wounds,  which,  shortly  after  their  infliction, 
are  closed  so  as  to  bring  the  cut  surfaces  into  close  contact.  It  is 
necessary  for  this  process  that  all  inflammation  be  avoided  either  at  the 
time  of  infliction  of  the  wound  or  afterwards.  We  are  to  think  of  the 
living  tissues  not  as  mere  mechanical  pieces  of  texture,  but  as  possessed, 
hy  virtue  of  their  vitality,  of  wonderful  powers  of  adaptability  to  circum- 
stances. AVhen  two  living  surfaces  are  brought  into  contact  and  all 
disturbing  conditions  are  averted,  then  the  blood-vessels  will  form  com- 
munications, the  nerves  will  by  and  by  unite  and  become  continuous, 
and  the  connective  tissue  coalesce.  In  this  way  it  frequently  happens 
that  a  wound  in  the  skin,  or  even  in  muscle,  unites,  and  no  trace  of  a 
bond  of  union  or  even  of  the  line  of  union  can  be  found  after  a  few 
days.  The  epidermis  probably  does  not  unite  so  directly,  and  the 
wound  is  covered  by  new-formed  epidermis. 

Primary  adhesion  is  a  process  of  a  more  complicated  kind.  In  it 
inflammation  plays  a  part.  When  a  wound  is  inflicted  the  mere 
mechanical  injury,  or  exposiire  afterwards,  frequently  leads  to  a  trivial 
ljut  acute  inflammation,  resulting,  as  we  have  seen,  in  the  coating  of 
the  cut  surface  with  a  fibrinous  exudation,  the  so-called  glaze.  If  two 
surfaces  thus  coated  with  fibrine  be  brought  in  contact  they  unite,  the 
fiorinc  acting  as  a  glue  or  cement.  But  the  fibrine  does  not  form  a 
permanent  bond  of  union,  and  if  union  is  not  eiTcctcd  by  other  methods, 
then  the  wound  will  subsequently  gape  by  the  breaking  down  of  the 
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fibriue.  In  order  to  effect  a  permanent  union  we  must  have  formative 
cells  jDroduced,  such  as  are  concerned  in  the  formation  of  connective 
tissue  out  of  granulation  tissue,  and  Ave  must  have  a  newformation  of 
blood-vessels.  The  uniting  tissue  is  very  trivial  in  amount ;  there  is 
merely  a  limited  production  of  formative  cells  which  replace  the  thin 
layer  of  fibriue,  and  a  budding  of  the  blood-vessels  till  communications 
are  formed  between  the  two  surfaces.  This  whole  process  may  occu^jy 
only  a  day  or  two,  and  the  permanent  new-formed  tissue  forming  the 
cicatrix  is  usually  very  small  in  amount. 

The  term  Union  by  the  first  intention  is  com.monly  used  so  as  to 
include  both  of  the  conditions  described  above,  any  case  of  imion 
occurring  without  separation  of  the  surfaces  from  the  first  appli- 
cation being  so  designated.  (See  more  fully  in  Paget's  "Surgical 
Pathology.") 

Union  by  the  second  intention  or  by  granulation  is  a  name  given  to 
the  closure  of  a  wound  by  the  adhesion  and  coalescence  of  two  layers  of 
granulations.  We  have  already  seen  how  this  comes  about.  The 
granulations  ultimately  develop  into  connective  tissue  which  forms  the 
cicatrix  or  permanent  bond  of  union.  In  this  case  the  cicatrix  will  be 
a  much  more  considerable  one  than  in  union  by  the  first  intention. 

2.  Regeneration. — As  we  have  seen,  this  i^rocess  is  somewhat  Kmited 
in  its  range  in  human  pathology.  The  blood  is  gradually  regenerated 
when  in  consequence  of  haemorrhage  its  bulk  is  reduced.  The  fluid 
portion  is  rapidly  restored,  the  white  corpuscles  are  also  soon  replaced, 
but  the  red  corjDuscles  somewhat  more  slowly.    (See  Anaemia.) 

The  epithelial  structures  of  the  body  are  to  a  large  extent  con- 
tinually undergoing  a  physiological  process  of  loss  and  regeneration. 
The  hairs  of  men  and  animals  fall  out  at  intervals  and  are  restored;  the 
feathers  of  birds  undergo  a  similar  process ;  the  nails  and  horny  layer  of 
the  epidermis  are  continually  lost  and  replaced  by  newformation.  The 
plucking  out  of  hairs  or  feathers,  or  the  removal  of  nails  is  followed  by 
their  restoration,  so  long  as  the  papillse  are  not  destroyed.  It  is  an 
interesting  fact  that  when  the  whole  distal  phalanx  of  the  finger  is 
removed,  or  even  the  two  terminal  phalanges,  there  may  be  a  partial 
restoration  of  the  nail  in  the  remaining  terminal  phalanx.  There  is 
also  a  case  recorded  in  which  a  boy,  apparently  afiected  with  ichthyosis, 
regularly  shed  his  nails.    (See  references  in  Eecklinghiiusen.) 

On  the  general  surface  of  the  skin  and  mucous  membranes  there  is 
normally  a  contimious  shedding  of  the  surface  epithelium,  and  a  ncAv- 
formation  in  the  deeper  layers  to  replace  that  which  is  lost,  a  kind  of 
physiological  regeneration  therefore.  When,  by  accident  or  otherwise, 
a  superficial  portion  of  epithelium  is  shed  before  its  time,  it  will  be 
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replaced  by  the  normal  growth  of  the  deeper  layers,  prol)ably  ac- 
celerated by  the  requirements  of  the  body.  When  the  whole  thickness 
of  the  epithelium  is  destroyed  the  gap  is  by  degrees  filled  by  the 
proliferation  of  the  epithelium  at  the  edges  of  the  wound,  as  Ave  have 
already  seen  in  the  case  of  the  cicatrization  of  a  granulating  wound. 
According  to  the  observations  of  Klebs  the  new-formed  epithelium 
acquires  a  slight  power  of  amojboid  movement,  so  that  it  can  proceed  to 
the  spot  which  it  is  to  occupy. 

The  proliferation  of  the  epithelium  proceeds  by  the  process  of 
karyomitosis.    In  the  accompanying  illustration  (Fig.  46,  Eberth)  the 


Fig.  46. — Regeneration  of  epithelium  in  cornea  of  a  rabbit,  (tt)  Fibrous  transformation 
of  nucleus.  (4)  Partial  separation  of  the  fibres  and  hour-glass  change  of  nucleus,  (c)  Com- 
plete division  of  nucleus,    (rf)  Complete  division  of  cell.  (Ebezth.) 


fibrous  transformation  of  the  nucleus  and  the  other  changes,  as  seen  in  the 
cornea  of  the  rabbit,  some  days  after  a  portion  of  the  epithelium  had 
been  removed,  are  shown.  In  the  normal  cornea  and  in  the  malpighian 
layer  of  the  epidermis  there  are  evidences  of  a  similar  process  by  which, 
we  may  presume,  the  physiological  regeneration  occurs. 

Gland  epithelium  also  to  some  extent  undergoes  a  physiological  loss 
and  regeneration.  The  secretion  of  some  glands  implies  a  destruction 
of  cells  and  their  restoration.  According  to  Bizzozero,  who  examined 
the  various  glands  in  respect  to  the  activity  of  karyomitosis,  the 
sebaceous  glands,  the  mucous  glands  of  the  stomach,  Lieborkiihn's  glands 
m  the  intestine,  and  the  uterine  glands,  are  actively  engaged  in  re- 
generating their  epithelium  and  consecpently  lose  it  in  the  process  of 
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secretion.  In  some  diseases  there  is  a  great  loss  of  epithelium,  and  a 
restoration  by  karyomitosis.  Thus  in  acute  nephritis  the  epithelium  is 
to  a  large  extent  shed  and  we  may  find  desquamated  epithelium  lyino- 
in  the  tubules,  while  young  epithelium  lines  them.  In  acute  yellow- 
atrophy  of  the  liver  also,  there  is  great  destruction  of  the  hepatic  cells, 
and  there  is  often  visil^le  along  with  that  a  newformation  of  cells  as  if 
there  were  an  attempt  at  restoration. 

The  lens  of  the  eye,  which  in  its  development  is  an  epithelial 
structure,  may  be  in  part  or  in  whole  regenerated,  after  its  removal 
on  account  of  cataract. 

Connective  tissue,  as  we  have  seen,  is  frequently  regenerated,  and  the 
new-formed  tissue  is  the  means  of  union  of  wounds.  Blood-vessels  are 
similarly  restored,  forming  really  part  of  the  connective  tis.sue. 

Cartilage  seems  scarcely  capable  of  regeneration,  at  least  in  the* 
adult.    Fractures  of  the  cartilaginous  ribs  are  united  by  bone,  and 
wounds  of  cartilage  are  replaced  by  connective  tissue  or  bone.  Experi- 
ments on  young  animals  show  that  in  them  there  may  be  considerable 
regeneration,  and  it  is  probably  so  also  in  the  human  subject. 

Nerve-fibres  are  regenerated  after  division  of  nerve-stems.  A  simple 
section  of  a  nerve  may  be  followed  by  immediate  union,  and  the 
function  may  be  restored  in  a  few  days.  Even  when  portions  of  nerves 
have  been  removed  (as  much  as  2  inches)  there  is  a  restoration  of 
function,  but  at  a  much  longer  interval.  In  order  to  this  there  is  a 
newformation  of  nerve-fibres  from  the  central  extremity,  and  these  meet 
those  of  the  peripheral  end.  The  division  of  a  nerve,  unless  there  be 
immediate  union,  implies,  as  we  shall  see  further  on,  a  remarkable 
change  in  the  whole  peripheral  portion  from  the  point  of  section 
onwards.  The  power  of  regeneration  and  accommodation  of  nerves  is 
shown  by  the  fact  that,  after  transplantation  of  skin,  when  the  parts 
are  separated  from  their  nervous  connections,  there  is  a  restoration  of 
sensation. 

Muscle  is,  to  a  limited  extent,  liable  to  regeneration.  AVounds  of 
muscles  are  usually  united  by  connective  tissue,  although  subcutaneous 
wounds,  as  proved  by  experiment,  will  often  heal  without  cicatrix. 
Weber  found  also  that  in  the  neighl)ourhood  of  fractures  no  cicatrices 
existed  in  the  muscles,  although  they  had  undoubtedly  been  torn  by  the 
ends  of  the  bones.  In  the  healing  of  wounds  in  muscles  by  granulation, 
it  is  believed  by  some  that  a  neAvformation  of  muscle  takes  place  to 
some  extent,  the  muscle  corpuscles  taldng  part  in  the  process.  There 
is  also  a  restoration  of  muscle  after  atrophy  and  degeneration.  In 
emaciating  fevers  there  is  a  great  atrophj?^  of  the  voluntary  muscles  and 
a  restoration  as  convalescence  advances.    Fattj-  degeneration  of  muscle 
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is  probably  tbllowod,  as  in  other  cases  of  fatty  degeneration,  by  absorp- 
tion of  the  affected  structures,  and  this  again  involves  a  regeneration. 
In  these  cases  the  muscle  corpuscles  are  not  lost,  and  they  seem  to  be 
the  agents  in  regeneration. 

3.  Transplantation. — By  this  term  is  meant  the  removal  of  parts  of  the 
living  tissues  from  their  normal  position,  and  their  implantation  in 
another  situation.  This  process  has  been  frequently  effected  by  experi- 
ment in  animals ;  it  is  not  of  infrequent  occurrence  as  a  pathological 
phenomenon  in  man,  and  it  is  sometimes  made  use  of  for  therapeutic 
purposes  as  a  surgical  operation. 

The  best  known  experiment  is  the  transjplantation  of  the  spur  of  the  cock  to  other 
parts  of  the  skin  or  to  the  comb.  Zahn  implanted,  a  whole  foetal  femur  into  the 
kidney  of  an  adult  rabbit,  and  found  that  it  survived  and  grew  there.  Bert  per- 
formed  many  expeiiments,  in  which  he  removed  the  tails  of  rats  and  implanted  tliem 
on  their  backs.  A  remarkable  fact  brought  oat  in  these  experiments  was,  that  if 
the  implantation  was  made  with  inversion  of  the  tail,  so  that  the  tip  was  in  the 
back  and  the  root  projected  out,  yet  the  tail  survived,  and  even  sensation  was 
restored,  conduction  occurring  in  the  nerves  in  the  reverse  direction. 

Several  practical  results  arise  from  these  experiments.  For  one 
thing,  the  larger  the  surface  by  which  the  transplanted  piece  was  in 
contact  Avith  the  living  tissue,  the  greater  the  likelihood  of  success. 
Hence,  small  pieces  of  tissue  and  those  which  were  completely  buried 
in  the  living  tissues  were  the  most  successful.  In  experiments  with 
I'ats'  tails,  the  latter  required  to  be  denuded  of  skin  for  some  distance, 
so  as  to  bring  a  considerable  raw  surface  into  contact  "with  the  sub- 
cutaneous tissue.  Another  fact  was,  that  tissues  from  young  animals 
were  more  successfully  transplanted  than  those  of  adults.  Again  the 
transplanted  piece  commonly  grew  in  its  new  situation,  sometimes 
•very  markedly,  as  in  the  case  of  the  cock's  spur  on  the  comb.  This 
growth,  however,  was  generally  temporary,  and  in  maiij^  cases  was  suc- 
ceeded by  diminution  and  complete  absorption  of  the  transplanted  piece. 
If  the  transplanted  jjiece,  however,  was  so  placed  as  to  restore  a  lost  part, 
then  it  remained  permanently.  Lastly,  the  tissues  of  animals  of  different 
•species  did  not  seem  congenial,  so  that  when,  for  instance,  the  tissues  of 
rats  were  transplanted  to  birds  they  gave  rise  to  severe  inflammations 
(Oilier). 

In  man,  transplantation  sometimes  occurs  spontaneously.  Th(> 
greatest  example  of  this  is  furnished  in  some  cases  of  Tubal  pregnancy 
in  which,  after  rupture  of  the  tube,  the  ovum  may  be  transplanted  to 
the  peritoneum,  acquiring  adhesions  there,  and  developitig  its  placenta 
in  connection  with  the  vessels  of  the  peritoneum.  Thcti  Tumours  of 
the  uterus  or  ovary  (myomas  and  cysts)  sometimes  separate  from  their 
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seats  and  acquire  connections  with  other  parts.  It  is  probable  that  in 
these  cases  there  is  a  gradual  transplantation,  the  new  connections  being 
formed  before  the  old  are  completely  severed.  Again,  pieces  of  tissue 
are  sometimes  broken  off,  such  as  the  appendices  epiploicae  in  the  peri- 
toneum, or  pieces  of  synovial  membrane,  cartilage  or  bone  in  joints. 
These  may  become  free  bodies,  retaining  their  vitality  without  any  vas- 
cular connections,  or  they  may  become  attached  in  new  positions. 

Transplantation,  as  a  Surgical  operation,  has  long  been  practised. 
In  plastic  operations,  involving  the  surface  of  the  body  or  the  buccal 
cavity,  the  transplantation  is  usually  partial,  the  transplanted  piece 
being  left,  at  least  for  a  time,  in  partial  connection  with  its  original 
seat.  A  complete  transijlantation  is  effected  in  skin-grafting,  in  which 
portions  of  the  living  epidermis  are  trans^Dlanted  to  the  surface  of  granu- 
lating wounds.  The  granulating  surface,  being  exceedingly  vascular 
and  composed  of  cells,  very  readily  coalesces  with  any  living  structure 
placed  on  it. 

Transplantation  of  bone  is  an  interesting  achievement  of  modern 
surgery.  Macewen  has  succeeded,  by  successive  transplantations,  in 
restoring  almost  the  whole  shaft  of  the  humerus,  which  had  been  lost  by 
necrosis,  and  this  surgeon  has  also  shown  that,  after  trephining  the 
skull,  the  piece  removed  may  be  restored,  and  it  Avill  retain  its  "sntality 
and  acquire  fresh  connections.    (See  further  under  Affections  of  Bones). 

Literature. — Paget,  Lect.  on  surg.  path.,  eel.  by  Turner,  1870;  Hunter,  1.  c.,; 
Banvieb,  Le  develop,  du  tissu  osseux,  1865,  and  in  Cornil  et  Eanvier,  Manuel 
d'hist.  path.,  1881,  i.  Transplantation — ^Eecklinghausen  (very  fully),  Allg.  Path., 
1883  ;  Hunter,  Works  by  Palmer,  iii.,  273 ;  Z.ahn,  Congres  period,  internat.  Geneve, 
1877 ;  Bert,  Annal.  de  science  nat.,  v.,  1866 ;  Beverdin,  Gaz.  d.  hopit.,  1870-71, 
Arch.  g6n.  de  M6d.,  xix.,  1872;  Macewen,  Phil,  trans,  of  Boyal  Soc,  1881,  and 
Annals  of  surgery,  Oct.  and  Nov.  1887. 
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SECTION  VIII. 
SPECIFIC  NEWFOEMATIONS.    INFECTIVE  TUMOUES. 

Mew/or  mat  ions  clue  to  specific  morbid  poisons,  which  in  most  have  hem  determined. 
Syphilis. — The  primary  lesion,  or  Hunterian  chancre;  affection  of  lymphatic 
glands.  The  secondary  lesion,  the  virus  in  the  blood.  The  tertiary  lesion, 
fjummata;  amyloid  disease;  affection  of  arteries;  herrditary  and  congenital 
>syp)hilis.  Tuberculosis. — Causation,  the  bacillus;  tubercidosis  by  inoculation ; 
contagiousness;  inheritance.  Character  of  the  lesion,  the  miliary  tubercle ;  how 
produced  ;  caseous  necrosis  ;  fibroux  transformation  ;  softeninrj  and  ulceration. 
Local  tuberculosis ;  mode  of  access  of  bacillus;  extension  of  local  lorocess,  by 
lymphatics  and  alonrj  surfaces.  Effects  of  local  tuberculosis,  emaciation,  fever,  etc. 
General  tubercidosis,  chronic  and  acute.  Ihibercidosis  in  animcds.  Leprosy, 
the  bacilhis;  character  of  lesions  in  tubercidar  and  anaesthetic  forms.  Glan- 
ders; causation  and  character  of  lesion.  Elephantiasis;  causation  from 
unknoivn  morbid  poison;  character  of  lesion.  Actinomycosis;  causation; 
character  of  lesion  and  locality.  Malignant  Lymphoma  or  Hodgkin's  disease; 
character  of  lesion. 

rpiIE  affections  in  this  group  show  in  their  structm^e  and  general 
relations  considerable  analogies  to  inflammation  on  the  one  hand 
and  tumours  proper  on  the  other.  As  ah-eady  indicated,  the  expression 
'infective'  means  that  the  disease  is  'spreading,'  that  it  depends  on 
some  virus  which  propagates  itself,  and  tends  to  reproduce  the  same  kind 
of  lesion  outside  its  original  seat.  In  most  of  the  forms  of  disease 
inchided  here,  the  exact  nature  of  the  virus  has  been  made  out,  and  in 
all  of  these  except  one  it  is  found  to  be  a  microbe  in  the  form  of  a  short 
rod-shaped  bacillus.  It  may  perhaps  be  legitimately  inferred  that  in 
the  rest  specific  microbes  are  the  infective  agents.  Several  of  these 
diseases  are  not  only  infective  but  infectious,  communicable,  that  is 
to  say,  from  person  to  person ;  some  are  capable  of  being  inoculated 
into  animals. 

The  virus  has,  to  begin  with,  a  local  seat,  where  it  acts  in  a  concen- 
trated form,  inducing  newformation  of  tissue.  The  newformation  has 
many  features  in  common  with  that  of  inflammation,  but  it  has  also 
certain  distinctive  or  specific  features.  It  consists  chiefly  of  structures 
analogous  to  granulation  tissue,  not  simply  as  in  inflammations,  replac- 
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iiig  a  part  of  the  normal  tissue,  but  forming  more  or  less  independent 
masses  which  resemble  tumours.  Hence,  the  group  of  diseases  included 
here  is  often  designated  Granulation-tissue  tumours.  Outside  these 
more  specific  newformations,  there  are  usually  the  ordinary  lesions  of 
inflamma-tion,  the  virus  having  acted  in  a  less  concentrated  form. 

But  the  tissue  of  the  tumours  presents  certain  differences  from 
ordinary  granulation  tissu.e,  chiefly  in  its  tendencies.  The  granulation 
cells  tend  to  undergo  fatty  degeneration,  and  so  the  tissue  may  become 
caseous  or  break  down.  At  the  same  time  there  is  the  more  normal 
tendency  to  undergo  development  into  connective  tissue,  and  this  may 
go  on  in  an  impex'fect  way  alongside  the  other  change.  Hence,  the 
tumours  frequently  present  great  varieties  in  structure,  and  it  is  some- 
times difficult  fullj^  to  unravel  their  relations. 

SYPHILIS. 

Causation. — This  disease  is  due  to  a  morbid  poison,  Avliich  is  asserted 
to  be  related  to  a  bacillus,  discovered  by  Lustgarten.  This  bacillus  has 
special  reactions  to  staining  agents,  which  will  be  more  fully  referred 
to  in  the  section  on  Bacteriology.  The  disease  occurs  only  in  the  human 
subject,  being  transmitted  from  one  j^erson  to  another  by  contact. 


Fig.  Section  of  ii  hard  chaucro  of  tUu  lip  at  its  marginal  part.  The  granulation  tissue 
occupies  the  skin  under  the  epldormis.    x  75. 


Primary  lesion. — -The  contagium  is  usually  applied  to  some  part  of 
the  external  generative  organs.  It  may  be  applied,  however,  to  some 
other  part,  as  to  the  finger  (in  the  case  of  a  sui'geon  examining  a  part), 
to  the  lip  (as  in  the  case  from  which  Fig.  47  is  taken),  to  the  eyelid  or 
other  external  part.  After  a  period  of  incubation,  usually  extending  to 
three  weeks  or  more,  it  begins  to  show  signs  of  local  action.    This  is  in 
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the  form  first  of  a  papule  or  vesicle,  which  acquires  a  hard  or  indurated 
base,  and  so  takes  the  characters  of  the  Indurated  or  Hunterian 
chancre.  This  consists  of  a  raised  surface,  whose  base  has  a  hard, 
almost  cartilaginous  feeling.  Examined  microscopically,  it  is  found 
that  the  epidermal  covering  of  the  skin  is  not  necessarily  lost,  but  that 
beneath  it,  there  is  a  layer  of  granulation  tissue,  which  in  the  central 
parts  may  to  some  extent  replace  the  epidermis  and  come  to  the  surface 
(Fig.  47).  The  true  skin  is  entirely  replaced  by  this  granulation  tissue, 
which  forms  a  bulky  mass  of  round  cells.  This  structure  may  be 
regarded  as  inflammatory,  but  it  may  also  be  regarded  as  a  kind  of 
tiunoiu",  and  may  be  taken  as  the  type  of  the  syphilitic  tumour. 

La  its  less  common  seats  it  may  very  closely  resemble  another  form  of  tumour. 
Thus  a  chancre  of  the  lip  may  be  mistaken  for  an  epithelioma,  and  be  excised 
under  that  impression.  This  actually  occurred  in  the  case  from  which  Fig.  47 
was  taken. 

The  tissue,  although  like  in  structure  to  granulation  tissue,  does  not 
readily  form  connective  tissue,  but  remains  long  in  the  same  rudimentary 
condition,  and  when  it  disappears  leaves  comparatively  little  of  a  cica- 
trix. On  the  other  hand  it  sometimes  becomes  caseous,  but  this  does 
not  so  readily  occur  in  the  primary  lesion. 

The  virus  is  carried  from  the  indurated  chancre  by  the  lymphatics, 
and  lodges  in  the  neighbouring  lymphatic  glands,  where  it  again 
produces  similar  results,  namely  a  great  production  of  ill-formed  granula- 
tion tissue  which  has  little  tendency  to  develop  into  joroper  connective 
tissue,  but  readily  undergoes  an  irregular  caseous  metamorphosis.  The 
glands  undergo  a  slow  enlargement  and  become  hard. 

Secondary  lesions.— These  are  due  to  the  fact  that  the  virus  passes 
from  its  local  seat  into  the  blood.  This  it  does  after  an  interval  of  some 
weeks  from  the  time  of  the  primary  lesion. 

The  virus  probably  reaches  the  blood  directly  from  the  primary  chancre,  as  well 
as  by  the  lymphatics,  but  a  certain  period  of  time  is  necessary  before  it  reaches  the 
blood  in  sufficient  quantity  to  produce  any  effect.  Lang  distinguishes  in  syphilis 
two  periods  of  incubation,  a  First  incubation  extending  from  the  time  of  infection  to 
the  appearance  of  the  primary  lesion,  and  a  Second  incubation  between  the  primary 
and  the  secondary  lesions.  The  first  incubation  has,  according  to  the  statements  iii 
recorded  cases,  a  minimum  deration  of  ten  days,  a  maximum  of  forty-two  days,  and 
an  average  of  twenty-four  days.  The  second  incubation  is  longer,  having  a  mini- 
mum of  eight  to  fourteen  days,  a  maximum  of  one  hundred  and  fifty-nine  days,  and 
an  average  of  six  to  twelve  weeks. 

By  some  it  is  believed  that  the  induration  of  the  primary  lesion  is  itself  due  to  a 
constitutional  infection,  and  they  cite  in  proof  of  this  the  fact  that  auto-inoculation, 
from  an  indurated  chancre,  is  rarely  successful,  that  is  to  say,  the  person  is  already 
protected  by  the  i)rimary  indurated  chancre  from  the  production  of  another  chancre 
by  moculation.    It  is  to  be  observed,  however,  that  in  all  such  cases  the  original 
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chancre  has  the  start  of  the  inoculation,  and  before  the  period  of  incubation  of 
the  inoculation  has  elapsed  there  may  be  time  for  the  blood  to  have  been  saturated 
with  the  virus.  It  is  admitted  that  auto-inoculation  is  possible  when  done  early 
enough.  It  seems  scarcely  possible  to  explain  the  second  incubation  except  on  the 
supposition  that  the  primary  lesion  is,  at  least  relatively,  a  local  manifestation. 

When  an  agent  exists  in  the  blood  in  a  finely  divided  state  it  will  be 
carried  to  all  parts  of  the  body,  and  if  it  produces  lesions  they  will  pro- 
bably be  symmetrical,  as  the  corresponding  parts  in  each  lateral  half 
of  the  body  are  for  the  most  part  in  similar  circnmstances,  and  are 
similarly  affected  by  any  agent  acting  equally  on  them.  The  existence 
of  symmetrical  lesions  is  presumptive  evidence  that  a  disease  is  due  to 
something  in  the  blood.  In  the  secondary  stage  of  syphilis  then  we 
have  the  vims  in  the  blood,  and  the  result  is  symmetrical  lesions  of  the 
skin,  mucous  membranes,  bones,  etc. 

These  secondary  lesions  are  inflammatory  in  character,  and  have  gen- 
erally a  resemblance  to  those  of  ordinary  inflammations.  They  are  most 
frequent  in  the  skin,  and  so  we  have  the  syphilitic  Eoseola,  Eczema,  etc., 
hnt  other  parts  may  be  aflfected,  and  we  have  syphilitic  Periostitis, 
Pharyngitis,  etc.  It  is  a  question  to  what  extent  inflammations  occur 
in  internal  organs  in  this  stage  ;  according  to  Hutchinson  they  are 
more  frequent  than  is  generally  supposed,  but  are  rarely  seen  because 
persons  seldom  die  in  the  secondary  stage. 

The  secondary  stage  has  been  aptly  comi)ared  with  the  eruptive  stage 
of  specific  fevers,  it  is  like  a  fever  long  dra^vn  out.  There  is  in  both 
cases  a  virus  in  the  blood,  and  in  syphilis  there  is  frequently  elevation 
of  temperature.  The  analogy  between  the  rash  of  secondary  syphilis 
and  that  of  measles,  scarlet  fever,  small-pox,  etc.,  is  also  suggestive, 
the  skin  aff"ections  in  both  classes  of  cases  being  inflammator3^  During 
this  stage  then  the  virus  is  active  in  the  blood,  and  the  blood  and 
secretions  are  contagioiis.  The  person  is  also  in  the  position  of  trans- 
mitting the  disease  to  his  offspring,  the  virus  apparently  passing  into 
the  germ  and  sperm  cells.  Just  as  in  the  specific  fevers,  the  virus  dies 
out  of  the  blood  spontaneously,  and  the  various  secondary  lesions  dis- 
appear, generally  in  six  to  eighteen  months. 

In  this  secondary  stage  it  is  not  common  to  meet  with  tumours  like 
the  indurated  chancre.  They  are  characteristic  rather  of  the  next  stage, 
and  when  they  do  occur  in  this  stage  they  are  small  and  accompanied 
by  more  pronounced  inflammatory  manifestations. 

A  certain  aj)proach  to  the  formation  of  granulation  tissue,  however,  is  often  seen 
in  the  skin  and  mucous  membranes  during  the  secondary  stage  in  the  form  of  mucous 
tubercles  or  flat  condylomata.  These  are  flat  superficial  elevations  of  the  skin  or 
mucous  membranes,  usually  met  with  near  the  external  organs  of  generation,  the 
anus,  or  the  mouth  and  pharynx. 
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Tertiary  lesions. — These  are  chiefly  characterized  by  the  formation 
of  tumours  to  which  the  name  Gummata  is  applied.  They  are  com- 
posed similaiiy  to  the  indurated  chancre,  of  gramdation  tissue,  but  in 
them  this  tissue  has  a  much  greater  tendency  to  undergo  caseous  necrosis, 
and  is  accompanied  by  a  greater  newformation  of  connective  tissue. 

To  the  naked  eye  the  tumour  is  a  whitish  or  greyish  body,  commonly 
with  a  yellow  caseous  appearance  in  its  central  parts,  or  irregularly  dis- 
tributed. It  varies  in  size ;  it  is  sometimes  as  small  as  a  millet  seed,  in 
which  case  it  is  usually  multiple,  but  it  is  generally  much  larger,  and 
may  attain  the  size  of  an  apple.  The  tumour  is  not  generally  sharply 
defined,  but  its  periphery  merges  in  a  firm  connective  tissue  which 
usually  extends  outwards  into  neighbouring  structures,  so  that  the 
tumour  appears  planted  in  the  midst  of  a  cicatrix. 

Under  the  microscope 
the  tiunour  will  be  found, 
as  in  Figs.  48  and  49,  to 
replace  a  certain  portion  of 
the  normal  tissue.  The 
central  caseous  part  will  be 
opaque  as  in  d,  Fig.  48,  and 
0,  Fig.  49.  Externally  the 
tissue  is  more  transjaarent 
(6,  Fig.  49),  while  around 
and  in  neighbouring  parts 
of  the  organ  there  is  new- 
formed  connective  tissue, 
as  at  d  in  the  figure. 

In  Fig.  50  the  appear- 
ances seen  under  a  higher 
power  are  shown,  the  parts  tissue  (c). 
taken  being  from  b  and  c 
m  Fig.  49.  It  is  seen  that  the  peripheral  portions  (Fig.  50  a)  of 
the  tumour  present  innumerable  round  cells  mixed  with  fibrous 
tissue,  which  latter  is  often  very  pronounced.  The  caseous  parts  are 
opaque  and  present  fine  fat  granules  with  shrunken  cells  and  nuclei 
(Fig.  50  h). 

The  tumours  are  met  with  in  almost  all  the  tissues  of  the  body, 
skin,  mucous  membranes,  subcutaneous  tissue,  in  the  substance  of 
muscles  (as  in  the  tongue),  periosteum,  liver,  dura  mater,  soft  mem- 
'>ranes  of  the  brain,  cerebral  nerves,  etc.  The  name  gumma  does  not 
express  their  usual  consistence,  and  is  stated  to  have  been  first  applied 
•^0  the  periosteal  form. 

N 


Fig.  48.— Gumma  of  kidney.     The  opaque  central  part 
(d)  ia  caseous  ;  around  this  there  is  fibrous  and  granulation 
'-^     X  20.    (CORNiL  and  Ranvier.) 
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The  caseous  necrosis  leads  to  various  results,  according  to  the  situa- 
tion and  circumstances  of  the  gumma.  If  the  tumours  have  a  super- 
ficial situation,  then  Illceratioii  results,  and  we  have  a  deep  excavated 
ulcer  with  swollen  infiltrated  walls,  consisting  of  tissue  like  that  of  the 
gumma,  and  with  the  same  tendency  to  degeneration,  so  that  the  ulcer- 
ation extends.  As  the  tumour  involves  neighbouring  structures  which 
undergo  necrosis  along  with  the  caseous  process  in  the  tumour,  there 
may  be  great  destruction  of  tissue  brought  about.  In  internal  organs 
the  caseous  material  may  long  lie  apparently  unaltered.  The  gumma 
may  be  virtually  healed,  its  granulation  tissue  absorbed  or  converted 
into  connective  tissue,  while  the  caseous  matter  remains,  and  is  finally 
left  in  the  midst  of  a  cicatrix  where  it  may  become  calcified. 

We  have  still  to  inquire  what  may  be  the  relation  of  these  tertiary 
lesions  to  the  virus.  The  virus  no  longer  exists  in  the  blood,  and  in 
accordance  with  this  the  lesions  are  characteristically  unsymmetrical. 
The  most  probable  supposition  is  that,  after  the  close  of  the  secondary 
stage  some  of  the  virus  has  remained  lying  in  a  particular  part.  Per- 
haps a  small  gumma  has  formed,  and  the  virus  has  lain  in  it  quiescent 
but  still  surviving.  It  may  be  waked  up  by  some  accidental  circum- 
stance in  the  life  of  the  patient,  at  any  period  afterwards,  perhaps  as 
long  as  twenty  years.  The  virus  propagates  itself,  but  its  effects  are 
local.  It  may  produce  a  tumour  of  large  size,  but  it  does  not  pass  into 
the  blood,  and  does  not  produce  the  lesions  of  the  secondary  stage.  It 
has  been  matter  of  dispute  whether  a  tertiary  gumma  is  an  infectious 
lesion,  and  the  fact  that  the  blood  of  the  patient  himself  does  not 
become  infected  might  seem  to  answer  the  question  in  the  negative.  It 
is  to  be  remembered,  however,  that  the  aifected  person  already  possesses 
an  immunity  by  having  passed  through  the  secondary  stage.  The 
gumma  is  probably  capable  of  producing  syphilis  when  its  juices  are 
brought  into  contact  with  the  tissues  of  a  susceptible  person. 

"While  the  conditions  described  as  characteristic  of  the  tertiary  stage  usually 
succeed  those  of  the  secondary  period,  it  should  be  understood  that  there  are  great 
variations  both  in  degree  and  order  of  occurrence.  The  secondary  manifestations 
may  be  greatly  prolonged,  and  the  tertiary  may  develop  to  some  extent  coincidently. 
The  seat  of  the  tertiary  lesions  varies  very  greatly. 

The  tertiary  stage  of  syphilis  is  often  in  its  later  period  associated 
with  Amyloid  disease.  This  may  be  due  in  some  cases  to  chronic  sup- 
purations induced  by  the  specific  lesions,  but  the  observations  of  Fagge 
show  that  it  is  not  always  so.  Of  76  cases  of  amyloid  disease  associated 
with  syphilis  there  was  evidence  of  former  or  present  bone  disease  only 
in  34.  In  the  total  autopsies  in  cases  of  syphilis  over  a  period  of  years, 
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Fig.  49. — Gumma  of  liver.    Explanation  in  text,    x  16. 


a 


Fig.  50. — From  gumma  of  liver,  same  section  as  Fig.  49;  a,  takou  from  recent  lart  (6,  in 
other  figure) ;  b,  from  caseous  (c).    x  350. 
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amounting  to  177  cases,  amyloid  disease  was  present  in  76  cases  or  431 
per  cent. 

It  appears  that  the  absorption  of  a  gumma  may  be  promoted  by  the  administration 
of  remedies.  The  exact  process  by  which  this  is  brought  about  is  hardly  knowm, 
but  there  seems  to  be  a  simple  fatty  degeneration  Avith  absoi-ption,  in  the  way  indi- 
cated in  the  section  on  fatty  degeneration. 

Syphilis  is  often  associated  with  a  condition  of  the  arteries  which 
will  come  up  for  discussion  further  on.  Wherever  there  is,  as  so  fre- 
quently happens,  a  considerable  formation  of  granulation  tissue  passing 
into  connective  tissue,  the  arteries  take  part  in  the  inflammation,  and 
we  have,  especially,  thickening  of  the  internal  coat,  sometimes  going  on 
to  complete  obliteration  of  the  calibre  of  the  vessel.    (See  Fig.  51.) 


Fig.  51. — Syphilitic  affection  of  meninges  and  brain,    h,  b,  Arteries 
showing:  thickening  of  internal  coats. 

This  is  sometimes  very  strikingly  seen  in  the  neighbourhood  of  gum- 
mata,  and  by  diminishing  the  blood  supply,  it  may  contribute  to  the 
degeneration  of  the  gumma.  It  may  also  lead  to  degenei-ations  in 
parts  around,  as  where  softening  of  the  bi'ain  occurs  in  connection  with 
gummata. 

Hereditary  syphilis. — We  have  already  seen  that  syphilis,  in  the 
secondary  stage  at  least,  may  be  transmitted  to  the  offspring.  In  the 
acute  period  death  often  occurs  in  utero,  or  the  child  sickens  soon  after 
birth  and  dies  Mdthin  a  few  weeks.  But  it  often  happens  that  the 
children  do  not  show  any  evidence  of  syphilis  for  months  or  years.  In 
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this  way  we  may  distinguish  cases  of  congenital  syphilis  from  cases  of 
simple  hereditary  syphilis,  the  former  being  born  with  syphilitic  lesions, 
the  latter  acquiring  them  afterwards. 

In  Congenital  syphilis  the  most  constant  and  unequivocal  lesion  is 
the  affection  of  the  bones,  which,  will  be  considered  afterwards.  In  this 
condition  there  is  an  error  in  the  process  of  ossification,  with  inflamma- 
tory conditions. 

In  Hereditary  syphilis  the  lesions  are,  like  those  of  the  secondary 
stage,  mainly  inflammatory.  There  are  inflammations  of  the  skin, 
mucous  membranes,  cornea,  etc.  The  characteristic  malformation  of  the 
teeth  which  Hutchinson  has  pointed  out  seems  related  to  inflammation 
of  the  mucous  membrane  of  the  gums  during  the  development  of  the 
teeth. 

Literature. — The  author,  in  describing  the  general  pathology  of  syphilis,  has 
followed  chiefly  Hutchinson  and  Virchow.  Hutchinson,  On  Syphilis,  1887,  and 
Debate  on  Syi^hilis,  Path,  trans.,  vol.  xxvii.,  1876  ;  see  also  other  speakers  in  this 
debate ;  Virchow,  Krankhafte  Geschwiilste,  ii.,  p.  393 ;  Lang,  Path,  und  Therap. 
der  Syphilis,  1884;  Eicohd,  Trait6  prat,  des  malad.  v6n.,  1838 ;  Lancebeaux,  Traite 
hist,  et  pratique  de  la  syphilis,  1866 ;  Hilton  F.\gge,  Medicine,  vol.  i.,  p.  109,  and 
Path,  trans.,  vol.  xxvii. ;  Kassowitz,  Die  Vererbung  der  SyphiUs  in  Strieker's  Med. 
Jahrb.,  1875,  p.  359 ;  Fouenieb,  LeQons  sur  la  syphilis,  1881 ;  Van  Hablingen, 
International  Encycl.  of  Surgery,  vol.  ii.,  1882.  Bacillus  of  Syphilis — Lustgaeten, 
Med.  Jahrb.  d.  Wien  Gesellsch.  der  Aerzte,  1885.  Since  the  publication  of  Lust- 
garten's  obsei-vations,  many  have  observed  the  bacillus,  but  some  authors  have 
stated  that  it  exists  in  the  normal  smegma  of  the  prepuce.  This  controversy  is 
chiefly  in  the  pages  of  the  Deutsche  Med.  Wochensch.  See  also  Bitteb,  Virchow's 
Arch.,  cvi.,  1886. 

TUBERCULOSIS. 

Tuberculosis  is  an  infective  disease  in  Avhich  the  tissue-changes  are 
due  to  the  action  of  a  specific  virus  or  morbid  poison.  As  in  the  case 
of  syphilis  there  is  always  a  local  or  primary  lesion,  but  it  is  only 
exceptionally  that  the  virus  extends  to  the  blood  and  infects  distant 
parts  of  the  body.  On  the  other  hand  the  local  lesion  is,  for  the  most 
part,  a  constantly  extending  one,  infecting  neighbouring  parts  till  the 
death  of  the  person,  which  is  usually  brought  about,  directly  or  in- 
directly by  the  tubercular  process. 

Causation. — While  tuberculosis  is  due  to  a  specific  virus,  there  are 
uiuloubtedly  conditions  of  the  body  Avhich  predispose  certain  persons 
to  its  action.  Considering  that  this  virus  is  very  largely  present  in 
nearly  all  inhabited  places,  it  must  be  apparent  that  most  people  are 
exposed  to  its  action,  and  yet  only  a  limited  number  of  persons  become 
affected.  For  practical  purposes,  therefore,  the  predisposition  may  be 
regarded  as  perhaps  of  greater  importance  than  the  actual  infection. 
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This  predisposition  is  frequently  the  result  of  inheritance.  It  has  been 
abundantly  proved  to  be  so  in  the  case  of  the  commonest  form  of 
tuberculosis,  namely  that  of  the  lungs,  but  not  so  obviously  in  other 
forms.  Inheritance  determines  a  local  predisposition  usually  in  one  organ 
or  system  (see  anU),  but  when  a  tuberculosis  is  once  established  in  the 
body,  it  is  not  uncommon  to  find  it  extend  by  one  path  or  other  to 
other  organs,  even  without  there  being  evidence  of  a  general  extension 
by  the  blood. 

The  Tubercular  bacillus  is  the  essential  agent  of  infection.  This  is 
a  micro-organism,  consisting  of  minute  threads,  "each  measuring  in 
length  about  two  thirds  of  the  diameter  of  a  red  blood-corpuscle. 

The  thread  contains  small 
rounded  bodies  like  spores. 
(See  Fig.  52.)  The  bacillus 
is  present  in  somewhat 
varying  degrees  of  abun- 
dance in  different  tuber-- 
cular  lesions,  but  it  has 
been  met  with  in  all  forms 
of  tuberculosis. 

The  connection  of  the 
bacillus  with  tuberculosis 
and  the  essential  identity 
of  the  various  forms  of  the 
disease  have  been  proved 
by  the  cultivation  of  the  microbe  outside  the  body,  and  by  the  results 
obtained  by  inoculating  the  cultivated  products. . 

The  methods  of  cultivation  will  be  referred  to  in  the  section  dealing  with  micro- 
organisms. The  result  of  inoculation  in  suitable  animals  is  the  production  of  local 
or  general  tuberculosis  according  to  circumstances.  The  bacillus  is  recognized 
both  by  its  form  and  by  its  reaction  when  treated  with  staining  agents.  It  is  not 
stained  with  ordinary  watery  solutions  of  the  aniline  dyes,  as  most  microbes  are, 
but  it  is  readily  stained  by  solutions  of  fuchsine  or  geutianviolet  containing 
free  aniline  or  carbolic  acid,  and  when  so  stained  it  does  not  yield  its  colour  when 
treated  with  nitric  or  sulphuric  acid.    (See  section  on  Bacteriology.) 

The  tubercular  bacillus  grows  slowly  and  only  at  a  temperature  ap- 
proaching to  that  of  the  living  body.  We  may  therefore  infer  that  it  does 
not  to  any  appreciable  extent  multiply  except  in  the  body,  as  the  condi- 
tions will  seldom  be  favourable  as  regards  soil  and  temperature,  unless 
these  are  carefully  arranged  for  experimental  purposes.  On  the  other 
hand  the  bacilli  and  especially  the  spores  are  very  resistant  to  external 
influences,  so  that  they  retain  their  vitality  under  adverse  circum- 


Fig.  62.— Tubercular  bacillus  prepared  from  sputum 
in  phthisis  puimonaiis.    x  1500. 
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stances,  and  are  ready  to  begin  growth  when  they  obtain  a  fitting 
locale.  The  bacilli  and  spores  survive  even  when  dried,  and  they  may 
be  suspended  in  the  air  and  carried  as  dust,  ready  to  deposit  on  surfaces 
or  to  be  inhaled  during  respiration.  Tuberculosis  is  not  commonly 
produced  by  direct  communication  by  contact  between  person  and 
person,  in  this  respect  contrasting  with  syphilis. 

The  bacilli  in  themselves,  consisting  of  minute  threads,  cannot  be 
supposed  to  have  much  etfect  upon  the  tissues.  They  produce  their 
results  by  means  of  irritant  products  which  they  evolve.  These  pro- 
ducts will  be  most  concentrated  in  the  immediate  vicinity  of  the 
bacilli,  but  being  in  solution  they  will  have  a  wider  action  in  A^arious 
states  of  dilution.  Hence  it  is  possible  to  recognize  a  more  specific 
lesion  presumably  from  the  concentrated  action,  and  certain  less 
specialized  conditions  from  the  more  diluted  action.  Both  of  these 
somewhat  resemble  inflammatory  processes,  but  the  former  is  charac- 
terized by  small  local  formations  called  tubercles,  while  the  latter  has 
more  of  the  characters  of  ordinary  inflammation. 

The  infective  nature  of  tuberculosis  does  not  rest  alone  on  the  facts  connected 
•vrtth  the  tubercular  bacillus,  it  was  inferred  long  before  the  discovery  of  this  micro- 
organism. The  most  direct  proof  consisted  in  the  j)roduction  of  tuberculosis  by  the 
inoculation  of  tubercular  material  in  animals.  This  was  first  demonstrated  by 
Villemin  in  186.5,  and  was  repeatedly  confirmed  by  many  observers,  among  whom 
may  be  mentioned  Lebert,  Waldenburg,  Klebs,  Cohnheim,  Tappeiner,  BoUinger, 
before  the  discovery  of  the  tubercular  bacillus  in  1882.  The  artificial  production  of 
tuberculosis  is  now  regularly  performed  in  experimental  laboratories,  and  the  material 
used  may  be  tubercular  products  obtained  from  post-mortem  examinations  or  other- 
wise, the  sputum  of  patients  suffering  from  i^hthisis  pulmonalis,  or  artificial  cultures 
of  the  bacillus.  The  disease  has  been  induced  by  inoculation  (Cohnheim,  Koch, 
Baumgarten),  by  inhalation  (Tappeiner),  and  by  feeding  (Wesener, 'Bollinger). 

As  an  example  of  the  mode  of  inoculation  and  its  results  we  quote  the  following 
from  Koch's  work  on  the  Etiology  of  Tuberculosis  (Sydenham  Society's  translation, 
1886).  It  recounts  the  effects  of  inoculating  fragments  of  tissue  from  various 
organs  in  cases  of  human  tuberculosis,  such  as  from  the  lungs  in  phthisis,  from 
strumous  joints,  scrofulous  glands,  lupus,  and  from  tuberculosis  in  various 
animals. 

"  The  inoculation  was  effected  by  making  a  small  incision  in  the  abdominal  wall 
of  a  guinea-pig  with  the  scissors,  inserting  the  point  of  the  scissors  to  form  a 
pocket-like  subcutaneous  wound,  about  half  a  centimetre  dee]).  Into  this  little 
pocket  a  fragment  of  the  inoculation  substance  about  the  size  of  a  millet  or 
mustard-seed  was  pushed  as  deeply  as  possible.  On  the  following  day  the  inocula- 
tion wound  was  always  united,  glued  together,  and  showed  no  reaction.  Generally 
it  was  not  till  after  a  couple  of  weeks  that  a  visible  swelling  of  the  lymphatic 
glands  next  the  seat  of  inoculation  occurred,  usually  the  inguinal  glands  on  one 
side,  and  at  the  same  time  induration  and  the  development  of  a  nodule  took  place 
in  the  inoculation  wound,  which  up  till  then  had  remained  perfectly  healed.  After 
this  the  lymphatic  glands  enlarged  rapidly,  frequently  to  tlie  size  of  a  hazel-nut. 
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The  nodule  at  the  seat  of  inoculation  then  generally  broke  and  became  covered  with 
a  dry  crust,  beneath  which  was  a  flat  ulcer  with  a  cheesy  floor  discharging  very 
slightly.  The  animals  began  to  lose  flesh  about  this  time,  their  coat  became  bristly, 
dyspnoea  set  in,  and  they  died  generally  between  the  fourth  and  eighth  weeks,  or 
they  were  killed  within  the  same  space  of  time." 

Tuberculosis  has  been  induced  or  observed  in  nearly  all  the  commoner  warm-blooded 
animals,  and  according  to  Koch  no  bird  or  mammal  is  capable  of  permanently 
resisting  infection.  Animals  show,  however,  very  different  degrees  of  susceptibihty, 
and  in  similar  degrees  they  are  variously  hable  to  spontaneous  tuberculosis.  Eabbits, 
guinea-pigs,  cattle,  and  apes  are  peeuUarly  susceptible.  Carnivorous  animals  are 
much  less  so,  spontaneous  tuberculosis  being  very  rare,  for  instance,  in  cats  or  dogs. 
In  the  same  class  of  animals  the  individuals  show  varying  susceptibihty  just  as  in 
the  case  of  man. 

The  infective  character  of  tuberculosis  is  also  to  be  inferred  from  the  spreading 
character  of  the  lesion,  to  be  now  described. 

Contagiousness  of  tuberculosis. — From  the  inociilability  of  the 
tubercular  bacillus  it  might  be  supposed  that  tuberculosis  would  be 
eminently  contagious.  In  this  respect,  however,  it  differs  from  syphilis 
and  most  other  analogous  conditions.  It  aj)pears  as  if  the  element  of 
predisposition  were  so  important  that  mere  contact  is  seldom  sufficient 
to  induce  the  disease  in  persons  not  predisposed.  It  seems  necessary 
in  order  to  direct  communication  that  the  virus  be  applied  in  con- 
centrated form.  Thus  phthisis  pulmonalis  may  be  communicated  to  a 
person  who  habitually  sleeps  with  one  subject  to  this  disease.  The 
chronic  thickenings  or  warts  to  which  the  fingers  of  pathologists  are 
liable,  and  which  are  sometimes  called  post-mortem  tubercles,  are 
asserted  to  be  due  to  the  inoculation  of  tubercular  bacilli. 

Inheritance  of  tuberculosis. — While  inheritance  plays  a  very  im- 
portant part  in  the  predisposition  to  tuberculosis,  it  has  not  yet  been 
proved  that,  in  man,  tuberculosis  is  ever  communicated  from  parent  to 
offspring,  although  there  are  some  cases  recorded  in  infants  which  may 
have  been  congenital.  This  is  consistent  Avith  the  fact  that  the  bacilli 
do  not  readily  pass  through  membranes.  Johne  has  recorded  a  case 
of  congenital  tuberculosis  in  a  calf  whose  mother  was  affected  Arith 
severe  tuberculosis  of  the  lungs.  In  the  calf  the  tuberculosis  was 
situated  in  the  liver,  portal  glands,  and  bronchial  glands,  the  infection 
having  been  by  the  umbilical  veins  in  the  placenta.  (Referred  to  by 
Birch-Hirschfeld.) 

Character  of  the  lesion. — The  typical  lesion  in  tuberculosis  is  the  so- 
called  miliary  tubercle,  and  it  is  this  which  was  referred  to  above  as 
being  related  to  the  concentrated  action  of  the  virus. 

The  miliary  tubercle,  is  a  minute  rounded  body  (Fig.  53)  composed 
of  cells  and  devoid  of  blood-vessels.  A  single  tubercle  is  scarcely 
visible  to  the  naked  eye,  but,  by  the  confluence  of  several  there  may  be 
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liU-o-er  nodules  formed,  and  even,  by  the  concurrence  of  vast  numbers  in 
successive  generations,  large  masses.  At  first  sight  the  tubercle  seems 
composed  simply  of  round  cells,  but  closer  inspection  shows  usually 
three  forms  to  be  present.  The  most  peculiar  and  typical  is  the 
Giant-cell,  which  in  the  early  stages  is  nearly  a  constant  constituent. 
It  is  a  large  body  (seen  in  the  middle  in  Fig.  53)  presenting  at  its 
margin  radiating  processes, 
especially  at  its  poles,  and 


containmg  numerous 


oval 


Fig.  53.— Tubercle  showing  coustituents.  A 
giant-cell  is  in  the  middle,  and  a  smaller  one  lower 
down.  Epithelioid  cells  form  the  rest  of  the 
tubercle  except  at  the  margins,  where  leucocytes 
are  present. 


nuclei,  usually  arranged  in 
a  row  near  the  periphery 
of  the  cell.  The  giant-cell 
is  generally  near  the  centre 
of  the  tubercle,  but  may  be 
considerably  removed  from 
this  position.  There  are 
frequently  several  in  one 
tubercle.  The  second  con- 
stituents, the  Epithelioid 
cells,  are  smaller  than  the 
giant-cells  and  possess  one 
nucleus,  but  are  still  of 
considerable  size.  They 
resemble  epithelial  cells, 
and  are  called,  like  the  similar  cells  in  the  inflammatory  newformation, 
epithelioid  cells.  They  surround  the  giant-cell  and  in  their  general 
appearance  somewhat  resemble  it.  Ordinary  round  cells  or  leucocytes 
form  the  third  constituents  and  they  are  variously  abundant  according 
to  circumstances.  They  are  j^resent  at  first  at  the  periphery,  and  may  be 
regarded  as  representing  the  ordinary  inflammatory  products,  which 
are  commonly  seen  in  the  tissue  around.  The  giant-cells  and  epithelioid 
cells  seem  to  be  the  essential  constituents  of  tubercles,  and  in  perfectly 
recent  examples  they  may  be  almost  the  only  ones.  They  are,  accord- 
ing to  Baumgarten,  the  immediate  pi'oducts  of  the  action  of  the 
tubercular  bacilli,  the  leucocytes  being  the  ordinary  result  of  in- 
flammation. 

Baumgarten,  from  a  very  elaborate  series  of  experimental  studies,  has  described 
the  Origin  of  the  various  constituents  of  the  tubercle,  and  their  relation  to  the  bacilli 
When  bacilli  invade  a  tissue,  the  fixed  cells  of  the  tissue,  those  of  epithelium  as 
well  as  of  connective  tissue,  first  show  evidences  of  change.  Thej'  are  induced  to 
proliferate  by  the  bacilli  which  may  be  in  their  substance  or  in  their  neighbour- 
hood. The  nuclei  of  these  cells  show  karyokinetic  figures,  and  both  giant-cells 
and  epithelioid  cells  result  from  the  changes  in  the  fixed  cells  of  the  tissues.  In 
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the  ease  of  the  giant-cell  the  nuclear  division  goes  on,  but  the  cell  division  does 
not  ensue,  there  being  thus  a  kind  of  arrest  of  development.  By  this  process  a 
rounded  tubercle  arises  which  is  composed  entirely  of  giant-cells  and  epithelioid 
cells.  But  the  neighbouring  blood-vessels  are  affected  by  the  virus,  and  from  them 
an  emigration  of  leucocytes  occurs.  The  leucocytes  are  at  first  outside  the 
large-celled  tubercle,  but  penetrate  into  it,  and  may  convert  it  into  a  small-celled  or 
lymphoid  tubercle.  This  transformation  may  be  rapid  or  slow,  its  course  depend- 
ing on  the  number  and  energy  of  the  bacilli.  If  the  latter  are  abundant  and 
vigorously  propagating,  or  if  they  are  accompanied  by  other  foreign  micro- 
organisms, then  the  production  of  leucocytes  may  be  very  great,  and  the  tubercles 
rapidly  pass  into  the  small-celled  condition.  This  may  occur  so  rapidly  that  the 
large-celled  condition  may  be  almost  omitted.  Hence  it  is  where  the  bacilli  are 
comj)aratively  few  and  the  cultivation  pure  that  the  typical  large-celled  non-inflam- 
matory tubercle  is  most  liable  to  occur. 

Bodies  having  a  structure  similar  to  that  of  tubercles  may  be  produced  by  the 
presence  of  small  foreign  bodies  (rabbit  hairs,  Baumgarten ;  particles  of  stone, 
Hamilton),  but  in  all  such  cases  the  lesions  have  not  an  infective  character.  A 
more  near  approach  to  the  true  tubercle  is  met  with  in  Actinomycosis,  where  the 
presence  of  a  micro-organism  has  the  effect  of  producing  results  not  unhke  those 
of  tuberculosis  (see  Actinomycosis). 

The  typical  tubercle,  as  here  described,  is  not  infrequently  difficidt  of 
recognition  in  actual  cases.  Inflammatory  processes  occurring  around 
and  invading  it,  obscure  its  structure,  and  the  tubercle  itself  is  prone 
to  degenerative  changes. 

Caseous  necrosis  or  Caseation  is  the  most  characteristic  change  in 
tuberculosis.  As  already  described  this  change  consists  in  necrosis  with 
fatty  degeneration  of  the  structures.  It  manifests  itself  in  a  granular 
condition  of  the  cells,  whose  nuclei  disappear.  The  result  is  an  obscura- 
tion of  the  structure,  and  the  replacement  of  it  by  a  homogeneous  struc- 
tureless and  somewhat  opaque  material.  This  change  usuall)'  begins  in 
the  central  parts  of  the  tubercles  and  jaroduces  an  opacity  there  (see  in 
Fig.  55,  p.  207),  but  it  is  liable  to  overtake  the  whole  sti'uctiu-e.  Indeed, 
it  extends  to  the  parts  around,  so  that  the  tissue  which  is  merely  infil- 
trated with  inflammatory  products  is  frequently  involved  in  the  caseation. 
Hence,  when  the  processs  has  overtaken  a  considerable  portion  of  tissue, 
the  structure  may  be  much  obscured.  This  process  in  the  rapiditj-  and 
completeness  of  its  occurrence  depends  on  the  abundance  and  vigour  of 
the  bacilli.  "Where  they  are  numerous  and  where  consequently  there  is 
much  infiltration  with  leucocytes,  caseation  is  rapid  (Baumgarten).  The 
caseous  material  so  produced  is  a  yellow,  brittle  substance,  which 
resembles  cheese  in  its  appearance.  So  characteristic  is  this  process  of 
tuberculosis  that  caseation  is  almost  equivalent  to  the  older  term  Tuber- 
culization, and  caseous  matter  to  Crude  or  Yellow  tubercle. 

In  very  acute  cases  we  may  have  an  approach  to  ordinary  necrosis  or 
sloughing,  or  at  least  an  acute  softening. 
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The  process  of  caseation  is  to  be  related  to  the  action  of  the  virus.  Where  it  acts 
most  vigorously  caseation  is  most  chalacteristic.  Some  have  endeavoured  to 
account  for  the  caseation  by  the  absence  of  vessels  in  the  tubercles.  But  much 
larger  pieces  of  matter  may  be  kept  alive  in  the  body  without  the  intervention  of 
vessels,  such  as  free  bodies  in  the  joints  or  abdomen.  Besides,  the  caseation  extends 
beyond  the  tubercles  to  the  tissue  around,  which  is  vascular. 

Fibrous  transformation  is  a  much  more  unusual  change  in  tubercles, 
and  occurs  only  where  the  process  is  very  chronic  and  the  bacilli  very 
few.  While  some  tubercles  undergo  caseation,  others,  and  along  with 
them  the  surrounding  tissue,  develop  iibrous  tissue  like  that  in  chronic 
inflammation. 

Softening  is  the  usual  result  of  caseation.  The  caseous  matter, 
although  it  may  remain  for  a  time  unaltered,  in  most  cases  ultimately 


Fig.  54. — Tubercular  ulcer  of  Intestine.  'I'ho  rounded  form  of  the  tubercles  around  the  ulcer  (a) 
is  seen,  some  of  them  breaking  up  the  muscular  coat  (b) ;  one  ((0  outside  this  coat,  aod  beneath 
the  peritoneum,    x  16. 

liquefies  or  breaks  down.  The  result  is  the  formation  of  a  Cavity  or 
Ulcer.  (See  Fig.  54.)  It  is  to  be  remembered  that,  as  the  caseation 
involves  not  only  the  tubercles  but  the  surrounding  tissue,  the  cavity  or 
ulcer  is  associated  with  an  absolute  loss  of  tissue.  The  walls  of  the  ulcer 
will  be  tubercular,  and  the  disease  will  usually  continue  advancing,  so 
that  the  ulcer  or  cavity  will  enlarge. 

On  the  other  hand,  the  caseous  matter  may  accumulate  without 
softening,  and  we  way  have  considerable  masses  of  it,  such  as  wo  find  in 
the  brain  and  in  the  lymphatic  glands.  In  course  of  time  the  cas- 
eous matter  may  be  partly  absorbed,  or  may  undergo  Calcareous 
infiltration. 
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Scrofula  and  Struma. — These  terms  are  used  to  designate  conditions  of  the  Ij'm- 
phatic  glands,  which  are  now  generally  Recognized  as  tubercular.  They  will  be 
described  in  their  proper  places.  The  terms  have  been  somewhat  indefinitely 
extended  so  as  to  include  affections  of  joints,  bones,  skin,  and  elsewhere,  but  such 
aiiections  are  nearly  all  really  tubercular. 

Local  Tuberculosis. — We  have  already  seen  that  tuberculosis  is 
always,  to  begin  with,  a  local  affection,  due  to  the  implantation  of 
bacilli  in  the  liAdng  tissue,  and  it  may  be  added  that,  even  when  it 
becomes  generalized,  the  secondary  lesions  are  due  to  the  multiplication 
of  bacilli  transplanted  from  the  primary  seat,  the  growth  of  the  micro- 
organism occurring  not  in  the  blood  but  in  the  local  seat.  Hence  the 
description  already  given  apj^lies  to  the  local  process  however  origi- 
nating. 

The  bacillus  finds  access  to  the  body  by  various  channels.  The 
most  common  scats  of  tuberculosis  are  in  direct  communication  with  the 
surfaces  of  the  body.  The  commonest  seat  of  all  is  the  Lungs,  and 
entrance  is  here  obtained  by  the  inspired  air.  Next  to  the  lungs  the 
Lymphatic  glands  are  most  frequently  affected,  and  in  the  case  of  chil- 
dren they  are  perhaps  more  freqiiently  the  seat  of  tuberculosis  than  the 
lungs.  The  lymphatic  glands  which  are  attacked,  are  in  communication 
either  with  the  skin  or  a  mucous  membrane,  and  there  are  frequently 
catarrhs  or  other  forms  of  inflammation  in  the  tissue  with  which  the 
affected  glands  are  related.  The  bacilli  maj'',  however,  find  their  way 
from  surfaces  which  are  unaltered.  The  glands  most  frequently  affected 
are  those  of  the  neck,  communicating  with  the  mouth,  of  the  mesentery, 
communicating  with  the  intestines,  and  of  the  bronchi,  communicating 
with  the  lungs.  The  skin  may  be  directly  attacked  by  tuberculosis,  the 
resulting  conditions  being  described  as  Lupus  or  Scrofuloderma. 

While  these  more  direct  modes  of  entrance  constitute  the  majoritj'  of 
cases,  there  remain  a  large  number  in  which  the  access  is  more  circuitous. 
In  some  of  these  the  tuberculosis  is  due  to  a  secondary  extension  from  a 
tubercular  lymphatic  gland.  It  is  thus  that  manj  cases  of  tuberculosis 
of  Serous  membranes  arise.  But  in  a  considerable  number  of  cases,  the 
bacilli  can  only  have  found  access  by  the  blood.  This  applies  to  tuber- 
culosis of  the  Bones,  which  is  very  frequent  in  children,  and  which  often 
begins  in  the  vertebrte,  or  in  the  cancellous  tissue  at  the  extremities  of 
the  long  bones.  The  Brain  is  also  liable  to  primarj'^  tuberculosis, 
especially  in  children.  Tuberculosis  of  the  TJrino-genital  system  begins 
very  frequently  in  the  testicle,  and  the  bacilli  are  carried  thither  by  the 
blood. 

In  some  of  the  cases  mentioned,  tuberculosis  exists  in  some  primary 
seat,  and  the  bacilli  may  be  carried  from  it,  hnt  in  many  cases  we  can 
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onlj'  suppose  that  a  few  bacilli  are  accidentally  conveyed,  and,  finding 
seats  predisposed  to  their  recei^tion,  multiply  and  produce  their  effects. 
The  blood  is  not  infrequently  the  vehicle  of  small  solid  jDarticles, 
whether  micro-organisms  or  not. 

Extension  of  local  tuberculosis. — A  tuberculosis  once  established  in 
a  locality  presents  usually  a  tendency  to  indefinite  extension.  Tuber- 
culosis is  generally  a  slow  process,  and  the  extension  is  also  chronic. 
The  extension  is  to  the  immediately  neighbouring  parts,  by  direct 
infiltration,  or,  more  commonly,  by  the  lymphatics  or  along  surfaces  and 
canals.  The  process  of  extension  is  usually  stopped  by  the  intervention 
of  a  membrane,  as  the  bacilli  seem  not  to  be  possessed  of  the  power  of 
penetrating  membranes  unless  there  is  first  a  necrosis  of  them.  Thus, 
tuberculosis  of  lymphatic  glands  does  not  pass  through  the  capsules 
iinless  the  latter  have  been  perforated  by  necrosis ;  and  tuberculosis  of 
the  lungs  rarely  extends  to  the  pleura  unless  there  be  actual  perforation 
of  that  membrane. 

Extension  by  the  lymphatics  is  very  frequent  and  characteristic. 
Tubercles  often  form  in  the  course  of  the  lymphatic  vessels  connected 
\nth  tubercular  organs,  as  well  as  in  the  lymphatic  glands.  In  phthisis 
pulmonalis,  for  example,  there  are  tubercles  in  the  substance  of  the  lung 
seated  in  the  lymphatic  vessels,  while  the  bronchial  glands  are  also  the 
seat  of  tuberculosis. 

The  extension  along  surfaces  and  canals  is  exemplified  chiefly  in 
serous  and  mucous  membranes.  A  tuberculosis  occurring  in  the  pleura, 
pericardium,  or  peritoneum  extends  over  the  entire  surface  of  these  mem- 
branes. Tuberculosis,  in  communication  with  mucous  canals,  frequently 
travels  considerable  distances,  involving  the  surface  more  or  less  con- 
tinuously, but  penetrating  deeply  to  a  very  slight  extent.  Thus,  tuber- 
culosis of  the  lungs  is  frequently  associated  with  tuberculosis  of  the 
l)ronchial  mucous  membrane,  of  the  mucous  membrane  of  the  trachea  and 
larynx,  and  of  the  intestine  (from  swallowing  the  expectoration).  Again, 
tuberculosis  of  the  urino-genital  organs  frequently  begins  in  the  testicle. 
From  this  it  will  extend  the  whole  length  of  the  vas  deferens  to  the  vesi- 
culse  seminales  and  urinary  bladder,  and  sometimes  up  the  ureters  to  the 
kidneys. 

It  may  here  be  remarked  that  in  artificial  cultures,  the  tubercular 
bacillus  grows  on  the  surface  of  the  medium,  and  does  not  penetrate  into 
its  substance.    (See  section  on  Bacteriology.) 

Effects  of  local  tuberculosis. — The  process  of  tuberculosis,  as  already 
described,  involves  destruction  of  tissue,  and  in  many  cases  ulcers  and 
cavities  are  the  result.  The  destruction  of  tissue  may  itself  involve 
serious  consequences,  as  in  the  case  of  the  bones  and  of  the  brain,  in 
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which  latter  position  the  tubercular  mass  also  acts  as  a  tumour,  pressing 
on  the  brain  substance  around.  Most  of  the  evil  consequences,  however, 
arise  in  connection  with  the  ulceration  and  formation  of  cavities.  The 
surfaces  thus  produced  discharge  and  use  up  the  available  nutritious 
material  of  the  body.  Such  processes  are,  therefore,  accompanied  by 
Emaciation.  Even  more  potent  in  the  production  of  general  emaci- 
ation is  Fever,  which  commonly  accompanies  tuberculosis.  Fever  in 
genera]  is  produced  by  the  presence  of  foreign  matter  in  the  blood 
(see  further  on).  In  tuberculosis  the  bacilli  do  not  produce  fever 
directly,  as  they  are  not  present  in  the  blood,  but  their  products  are. 
We  have  seen  that  these  products  in  their  most  concentrated  form  lead 
to  the  formation  of  tubercles,  and,  when  less  concentrated,  produce 
inflammations  around.  They  find  their  way  into  the  blood  in  a  still 
more  dilute  state,  and  there  produce  fever.  In  the  case  of  discharging 
surfaces,  again,  there  will  commonly  be  putrid  and  other  forms  of  decom- 
position in  the  matter  discharged,  and  the  absorption  of  the  products 
will  still  further  conduce  to  fever. 

General  tuberculosis. — This  term  is  used  in  contradistinction  to  local 
tuberculosis,  to  designate  a  condition  in  which  the  tuberculosis  has  not 
one  but  many  centres  to  which  the  virus  has  been  carried  by  the  blood. 
It  has  been  pointed  out  above  that  tuberculosis  has  little  tendency  to 
penetrate  deeply,  preferring  to  extend  along  open  channels  or  surfaces. 
Hence,  the  disease,  for  the  most  part,  remains  local,  at  least  in  the  sense 
that  it  does  not  extend  to  the  blood.  It  is  also  to  be  noted  that  the 
bacilli  apparently  do  not  multiply  in  the  blood,  this  fluid  only  acting  as 
their  vehicle  of  conveyance.  When  carried  by  the  blood,  the  bacilli 
may  or  may  not  settle  down  and  multiply.  This  will  depend  on  the 
number  and  vigour  of  the  bacilli,  and  the  resisting  power  of  the  tissues. 
If  they  do  obtain  a  settlement  they  will  slowly  grow,  and  produce  their 
usual  efl"ects,  namely,  the  formation  of  tubercles  and  inflammation. 
Hence,  in  general  tuberculosis  we  have  what  is  equivalent  to  a  number 
of  local  tuberculoses.  For  convenience  of  study,  Weigert  has  divided 
general  tuberculosis  into  chronic  and  acute. 

1.  Chronic  general  tuberculosis. — While  tuberculosis  does  not  readily 
penetrate  deeply,  still  in  vascular  organs  a  few  bacilli  will  occasionally 
reach  the  blood,  passing  either  directly  into  the  vessels  of  the  jaart,  or 
indirectly  by  the  lymphatics.  These  may  settle  in  predisposed  situations, 
and  give  rise  to  secondary  tubercular  lesions  in  several  diff'erent  centres. 
When  a  few  bacilli,  thus  at  intervals,  find  entrance  to  the  blood,  the 
lesions  will  usually  be  comparatively  few.  These  secondary  lesions  will 
run  a  chronic  course  and  may  sometimes  rival  the  primary  tuberculosis 
in  size  and  effect  on  the  l)ody.   Chronic  general  tuberculosis  is,  therefore. 
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chanicterized  by  the  presence  of  a  number  of  considerable  tubercular 
lesions  in  different  organs,  and  the  case  frequently  looks  like  one  in 
which  several  local  tuberculoses  are  simultaneously  present.  This  form 
of  disease  is  most  frequently  seen  iu  children,  whose  tissues  seem  more 
susceptible  to  the  tubercular  bacilli  in  small  numbers.  In  them  we  may 
fiad  tubercular  masses  simultaneously  in  lungs,  kidneys,  brain,  etc. 

2.  Acute  general  tuberculosis,  Acute  miliary  tuberculosis.— In  this 
disease  there  is  a  simultaneous  and  wide-spread  eruption  of  tubercles  in 
several  organs.  The  tu.bercles  have  the  usual  structure,  but  they  are 
present  in  vast  numbers  in  lungs  (see  Fig.  55),  liver,  spleen,  kidneys. 


Fig.  55.— Miliary  tubercles  iu  lung.    The  opaque  central  parts  are  caseous,    x  16. 

sometimes  in  the  meninges,  lymphatic  glands,  supra-renal  capsules,  etc. 
The  author  has  seen  them  in  the  heart  and  endocardium.  The  disease 
is  an  acute  febrile  one,  fatal  in  a  few  weeks,  and  the  individual  tubercles 
are  small  in  size,  each  local  fonnation  being  little  more  than  a  single 
miliary  tubercle.  They  are  often  so  small  as  to  be  only  detectable  by 
the  aid  of  the  microscope,  especially  in  the  liver  where  they  are  present 
in  almost  incredible  numbers. 

The  simultaneous  outbreak  of  numerous  tubercular  lesions  implies 
that  in  a  short  interval  the  blood  has  received  large  numbers  of  bacilli. 
Ill  some  cases  the  bacilli  have  been  detected  in  the  blood  during  life 
(Weichselbaum),  and  not  infrequently  after  death. 

This  overloading  of  the  blood  with  bacilli  can  only  occur  when 
tuberculosis  has  extended  so  as  to  involve  the  wall  of  a  still  pervious 
vessel  of  some  size,  so  that  the  bacilli  may  find  free  access  to  the  blood. 
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Acute  general  tuberculosis  has  been  found  associated  Avith  tuberculosis 
■of  the  thoracic  duct,  of  the  pulmonary,  splenic,  portal,  hepatic  and 
other  veins.     The  extension'  may  also  occur  from  lymphatic  glands 
directly  into  the  blood-vessels  of  these  glands  (Koch). 

This  solution  of  the  problem  of  acute  general  tuberculosis  was  first  suggested  by 
Ponfick,  who  observed  tuberculosis  of  the  thoracic  duct  in  a  case  of  this  disease. 
Weigert  has,  in  a  large  proportion  of  cases,  found  the  source  of  the  general  infection  in 
the  extension  to  pervious  veins,  and  he  asserts  that  in  most  cases  such  a  source  will 
be  found  if  diligent  search  be  made.  The  puhnonary  vein  is  that  most  frequently  _ 
involved,  and  it  is  so  in  about  half  the  cases.  In  a  case  observed  by  the  author,  in 
which  the  primary  tuberculosis  affected  the  lung,  a  branch  of  the  puhnonary  vein, 
the  size  of  a  crow  quill,  presented  in  its  wall  an  elongated,  yellow  caseous  layer, 
somewhat  resembling  a  thin  localized  thrombus.  The  surface  was  smooth  and  there 
was  no  layer  of  fibrine  between  it  and  the  caUbre  of  the  vessel  which  was  here  unin- 
terrupted, except  by  the  slight  projection  of  the  yeUow  mass.  Tubercular  bacilli, 
were  found  in  large  numbers  in  this  yellow  structure,  extending  to  its  internal 
aspect.  Bacilli  were  also  found  in  the  blood  and  in  the  miUary  tubercles  in  lungs, 
liver,  etc. 

Literature.— GeHeraZ  Works— Baylh,  Eecherches  sur  la  phthisie  puhnonaire,  1810; 
L^NNEC,  Traite  de  I'auscult.  med.,  etc.,  1819;  Waldenbtjeg,  Tuberkulose,  etc.,  1869; 
ViECHOW,  GeschwLilste,  vol.  ii.,  1864;  Discussion  on  puhnonary  phthisis  in  relation 
to  tubercle  of  limg.  Path,  Soc.  trans.,  1873.  Inoculation  and  Tuherc/e  bacillm— 
ViLLEMiN,  Du  tubercle  au  point  de  vue  de  son  si^ge,  etc.,  1862 ;  and  Etudes  sur  la 
tuberculose,  1868 ;  Langans,  Die  Uebertragung  der  Tuberk.,  1868 ;  Klebs,  Virch. 
Archiv,  vols,  xliv.,  xUx.,  etc. ;  Tappeinee,  Virch.  Archiv,  vols.  Ixxiv.  and  Ixxxu. ; 
CoHNHEiM,  Die  Tuberkulose  vom  Standpunkt  der  Infectionslehre,  1880 ;  Sandeeson, 
Eesearches  on  artificial  tuberculosis,  1869  ;  Koch,  The  Etiology  of  tuberculosis,  Syd. 
Soc.  trans.,  1886  ;  Batjmgaeten,  Many  papers,  and  Tuberkel  und  Tuberkulose,  1885  ; 
Weichselbaum,  Deutsche  med.  Wochenschr.,  1884;  Johne,  Die  Geschichte  d. 
Tuberkulose,  1883;  Kaeg  (Post-mortem  tubercles),  Centralbl.  f.  Chir.,  1885,  No.  ,32. 
A  natomy  and  mode,  of  extension— Nmc^ovi,  GeschwiUste,  vol.  ii.,  1865 ;  Eindfleisch, 
Path.  Histology,  Syd.  Soc.  transl.,  1872;  Langans,  Virch.  Archiv,  vol.  xlii. ; 
ScHijppEL,  Lymphdrusentuberkulose,  1871 ;  Buhl,  Lungenentziindung,  etc.,  1872 ; 
KosTEE,  Virch.  Arch.  vol.  xlviii. ;  Peiedlandee,  Volkmann's  Klin.  Vort.,  No.  64; 
GijTEEBOCK  (Lupus),  Virch.  Arch.  vol.  Uii. ;  Weigeet,  Virch.  Ai'ch.,  vol.  Ixxvii.,  and 
Deutsch.  Med.  Woch.,  1883  and  1885;  Baujigaeten,  Tuberkel  und  Tuberkulose, 
1885 ;  HAimTON,  On  the  path,  of  bronchitis,  etc.,  1883. 

TUBERCULOSIS  IN  ANIMALS. 

It  has  been  already  mentioned  that  tuberculosis  has  been  communicated  to  a 
large  number  of  animals  by  inoculation,  and  that  probably  all  warm-blooded  animals 
are  susceptible.  As  a  spontaneous  disease  it  occurs  in  many  domestic  animals. 
In  these  the  lesions  observed  are  virtually  identical  wth  those  in  man,  consisting 
in  tubercles  formed  by  giant-cells  and  epithelioid  cells  with  varying  proportions  of 
leucocytes.  There  are,  however,  certain  minor  variations  in  structure  in  certain 
animals.  Bacilli  presenting  all  the  characters  of  the  tubercular  bacillus  have 
been  found  in  the  affected  structures.  For  practical  puii^oses  the  most  important 
form  is  that  which  occurs  in  cattle. 
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Bovine  tuberculosis. — This  is  a  common  disease  in  cattle.  The  structures  most 
frequently  affected  are  the  serous  membranes — the  pleura  and  peritoneum  especially 
— and  the  lungs,  but  the  disease  often  extends  to  lymphatic  glands,  alimentary 
oanal,  liver,  spleen,  nervous  system,  etc.  In  the  serous  membranes  the  tubercles  are 
aggregated  into  considerable  nodules,  frequently  as  large  as  lentils.  They  are  at- 
tached to  the  surface  of  the  membrane  or  else  supported  on  villous  projections  from 
the  surface.    (See  Fig.  5G.)    There  may  be  massive  projections  of  these  nodules 


Fig.  .56.— A  piece  of  lung  in  bovine  tuberculosis.  On  surface  of 
lung  many  rounded  tumours  are  seen,  some  pendulous.  (ViRcnovv.) 


hangmg  from  the  pleura  or  peritoneum.  From  the  size  of  the  nodules  and  their 
white  appearance  they  have  been  compared  to  pearls,  and  the  name  Perlsuoht  has 
been  used  in  Germany  for  the  serous  form  of  the  disease.  In  internal  organs,  we 
have  also  comparatively  large  rounded  nodules,  and  sometimes  considerable 
infiltrations. 

The  nodules  in  bovine  tuberculosis  are  peculiarly  prone  to  calcification.  The 
calcification  is  probably  always  preceded  by  caseation,  but  the  latter  may  be  so 
rapidly  overtaken  by  the  calcareous  infiltration  as  to  be  masked.  According  to  some 
authors,  tuberculosis  may  be  communicated  to  calves  and  to  man  by  the  milk  of 
tuberculous  cows.    It  is  said  also  that  bacilli  have  been  detected  in  the  milk. 

Tuberculosis  in  horses  somewhat  resembles  that  in  cattle,  there  being  usually  pearl 
nodules  on  the  peritoneum.  There  may  be  also  numerous  nodules  in  internal 
organs,  and  these  are  said  to  be  more  like  those  in  human  miliary  tuberculosis. 
Tuberculosis  in  horses  is  said  to  be  sometimes  mistaken  for  sarcoma ;  it  is  not  of 
common  occurrence. 

In  swine  tuberculosis  is  a  frequent  disease.  It  resembles  bovine  tuberculosis  in  its 
general  characters  as  well  as  in  its  tendency  to  calcification. 

Tuberculosis  is  very  common  in  monkeys,  in  which  animals  it  usually  begins  in 
■the  lungs,  but  is  apt  to  extend  to  other  organs  in  the  form  of  chronic  general  tuber- 
culosis, so  as  to  form  numerous  comparatively  large  foci,  which  usually  break  down 
80  as  to  form  cavities. 

0 
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Literature. — For  an  account  of  the  various  forms  of  tuberculosis  in  animals  see 
Koch,  Etiology  of  Tuberculosis,  Sycl.  Soc.  transl.,  1886;  and  Johne,  in  Birch- 
Hirschfelcl's  Lehrbucli  d.  path.  Anat.,  where  a  full  statement  of  the  literature  is 
given  ;  see  also  Baumgaiiten,  1.  c;  Cbeighton,  Bovine  tuberc.  in  man,  1881. 
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LEPEOSY  OE  LEPEA. 

This  disease  was  at  one  time  spread  over  the  whole  of  Europe,  but  is 
now  limited  to  certain  localities  in  Norway,  Russia,  Iceland,  and  the 
oast  of  the  Mediterranean.  It  is  still  somewhat  prevalent  in  Asia,- 
especially  India,  Japan,  and  China;  in  Africa,  where  it  is  very  prevalent 
in  Egypt,  Abyssinia  and  the  Islands  of  the  East  Coast ;  and  in  America, 
especially  in  the  West  India  Islands  and  Mexico.  (See  Hirsch, 
"  Geograph.  Path.,"  vol.  ii.,  p.  1.) 

Causation. — The  disease  is  generally  regarded  as  hereditary,  but  a 
considerable  number  of  cases  of  contagion  have  been  observed. 

The  question  of  contagion  as  a  cause  of  leprosy  has  been  till  lately  an  undecided 
one.  But  recently  several  cases  of  communication  to  Europeans,  evidently  by  con- 
tagion, have  been  published,  one  in  which  it  was  communicated  by  vaccination.  A 
final  demonstration  of  contagion  has  been  furnished  by  the  inoculation  of  a  con- 
demned criminal  at  Honolulu  by  Dr.  Arning.  The  inoculation  was  successful,  but 
the  period  of  incubation  was  very  prolonged.  It  is  probable  that  the  incubation . 
may  extend  over  several  years,  and  if  this  be  so,  it  will  be  frequently  very  difficult 
to  trace  the  source  of  contagion. 

The  leprosy  bacillus  somewhat  resembles  the  tubercular  bacillus,  and 
it  is  stained  by  similar  methods.    It  has  been  cultivated  on  solidified 
w  blood  serum,  but  attempts  at  in- 

_^  ^  oculation  of  the  cultures,  both  in 

)i  animals  and  man,  have  been  un- 

j  ^     ^  ^'    \^      successful,  although  direct  inocula- 

/  ''t^         tion  has  succeeded  in  the  case  referred 

'        ;  ^  to  above.   The  bacillus  is  present  in 

t  \  \  quite  enormous  numbers  in  the  lesions 

in  the  skin  in  leprosy.  It  presents 
itself  in  the  interior  of  round  cells 
(the  lepra  cells  of  Virchow)  which 
are  considei'ably  larger  than  leuco- 
^   g  ^.j,  cytes,  but  are  j^robably  these  en- 

larsrcd  by  the  bacilli.   (See  Fig.  57.) 

Fig.  57.— Leprosy  bacillus.    Those  in  groups  ,  ,     •  ^  li     ,  -n. 

are  inside  cells.  Some  have  denied  that  the  bacilli  are 

in  cells,  and  assert  that  the  rounded  aggregations  are  simply  free  groups. 
The  bacilli  are  so  numerous  as  to  suggest  that  the  enlargements  maji- 
be  in  part  due  to  the  actual  bulk  of  the  bacilli. 
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Character  of  the  lesions.— The  disease  occurs  in  two  forms  which  are 
designated  Lepra  tuherculosa 
and  Lepra  ansesthetica.  In 
the  first  the  newformation  has 
its  seat  in  the  skin  or  mucous 
membrane;  in  the  second  it 
is  the  nerves  which  are  af- 
fected. The  tubercular  form 
is  sometimes  called  Ele- 
phantiasis grsecorum. 

When  it  attacks  the  skin,  it 
is  mostly  the  face  and  hands 
which  are  affected,  and  the  legs 
if  they  are  exposed  to  the 
weather.  There  appear  large 
or  smaller  swellings,  at  first 
red  or  bluish  in  colour,  which 
become  firmer  and  harder. 
These  tubercles  may  reach  the 

size  of  a  hazel  nut  or  a  wal-  ^  ^^^^^^  one  on  left.  (Virchow.) 
nut.  They  consist  of  granu- 
lation tissue  in  which  cells  of  the  size  of  leucocytes  are  most  abundant. 
As  in  other  granulation  tumours,  we  often  have  ulceration,  or,  as  in 
the  case  of  lupus,  there  may  be  cicatrization  without  ulceration.  By 
the  formation  of  the  swellings  and  cicatrization,  great  deformities  fre- 
quently result,  so  that  the  patients  have  often  a  peculiarly  hideous 
appearance,  the  face  being  knobbed  and  gnarled  (Fig.  58). 

In  the  ansesthetic  form  the  nerve  stems  become  the  seat  of  granula- 
tion tissue,  forming  spindle-shaped  swellings,  sometimes  of  considerable 
length.  The  granulation  tissue  here  is  in  the  interstitial  connective 
tissue,  so  that  the  nerve-fibres  are  separated  and  compressed.  The  new- 
formation  sometimes,  but  rarely,  extends  to  the  membranes  of  the 
spinal  cord  or  brain. 

Besides  the  aneesthesia  there  are  usually  other  evidences  of  in- 
terference with  the  nerves,  mostly  connected  with  the  nutrition  of 
the  parts,  namely,  vesicular  eruptions  of  the  skin,  alterations  in  the 
pigmentation,  deep  ulceration,  not  infrequently  leading  to  separa- 
tion of  the  fingers  or  toes.  No  bacilli  have  been  found  in  these 
peripheral  lesions,  they  are  simply  the  result  of  the  interference  Avith 
the  nerves. 

In  leprosy  there  are  sometimes  tumours  formed  in  internal  organs, 
but  this  is  very  rare. 


Fig.  5S.— Leprosy.  The  face  shows  nodular  swell- 
ings, especially  on  nose,  eyebrows,  lips,  chin,  and 
ears.    Patient  had  also  a  large  ulcer  on  right  leg,  and 
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Literature. — For  a  historical  account  see  HiimcH,  Handbook  of  hist,  and  geogi'aph.  , 
path.,  Syd.  Soc.  transl.,  vol.  ii ;  see  also  Vihchow,  Geschwiilste,  vol.  ii. ;  Gull,  i 
Guy's  Hosp.  Eep.,  1859;  Cakteb,  Med.  Ghir.  trans.,  Ivi.,  and  Path,  trans.,  xxvii.;  ; 
Hansen,  Virch.  Arch.,  vol.  Ixxix.,  Neisser,  Ziemssen's  Handb.  d.  Spec.  Path.  vol.  . 
xiv.,  and  Virch.  Arch.,  vols.  Ixxxiv.  and  eiii. ;  also  Neisser  and  Cohnil  et  Scchard,  . 
in  translated  essays,  New  Syd.  Soc,  1880.  CuiUauiou—MoKno,  Etiologj'  and  Hist,  of  t 
leprosy ;  Besndse,  Acad,  de  Med.,  Oct.  11,  '87;  Brit.  Med.  Jour.,  1887,  i.  1269,  ii,  799,  . 
1055,  and  1119,  and  1888,  ii.  1171. 

ELEPHANTIASIS  AEABUM. 

This  disease,  which  is  called  elephantiasis  arabum  to  distinguish  it 
from  E.  gra3corum,  which  is  true  leprosy,  is  often  simply  designated  I 
Elephantiasis,  sometimes  also  Pachydermia. 

Causation. — The  disease  is  endemic  in  certain  localities  in  India, 
China,  Egypt,  Arabia,  the  islands  of  the  Pacific,  etc.,  chiefly  in  places 
within  a  short  distance  of  the  sea.  It  obviously  depends  on  some 
morbid  poison,  but  the  nature  of  it  has  not  been  discovered.  The 
disease  begins  in  an  acute  inflanmiation  of  the  sldn,  accompanied  b}' 
fever,  and  somewhat  resembling  erysipelas.  These  attacks  pass  off  and 
recur,  the  disease  ultimately  subsiding  into  a  more  chronic  condition. 
These  are  conditions  which  can  only  be  produced  by  a  morbid  poison 
acting  on  the  tissues  locally  and  probablj^  sending  off  products  into 
.the  blood  so  as  to  induce  fever.  The  fact  that  no  secondary  lesions 
occur  at  a  distance  is  an  indication  that  the  virus  itself  does  not  reach 

the  blood.    The  disease  attacks  chiefly 
the  native  races,  but  no  race  is  exempt! 
from  it. 

Character  of  the  lesion. — The  lesion 
consists  of  an  enormous  hypertrophy  of 
the  tissues  of  the  skin.  The  cutis 
vera  is  thickened,  the  papillae  are 
enlarged,  and  the  epidermis  is  thick- 
ened. In  the  earlier  periods  the 
new-formed  tissue  is  somewhat  cellular, 
and  throughout  it  is  succident  and 
edematous.  The  disease  occvu's  chiefly; 
in  the  lower  extremities  and  external 
genital  organs,  but  sometimes  attacks 
the  upper  extremities.  In  the  lower 
extremities  it  produces  an  extraor- 
dinarj'  irrcgidar  thickening  of  the  skin, 
which  has  a  folded  and  bagged  appearance,  like^,that  of  the  legs  of< 
an  elephant.    (See  Fig.  59.)    In  the  genital  organs  it  produces  tumoim; 


Fig.  59.  —  Elopliantiasis  affecting 
scrotum,  logs  and  arms.  (After  plioto- 
graph  by  Turner.) 
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which  sometimes  grow  to  a  massive  size ;  timioixrs  have  lieen  excised 
which  weighed  over  100  pounds,  and  which  hung  down  so  as  to  reach 
belo^v  the  knees,   (See  Fig.  59.)  Sometimes 

i  the  tunioiu-  is  not  entirely  made  up  of  hyper- 

itrophied  skin,  but  a  proper  isolated  tumoiu- 

•  is  found  internally.  This  was  so  in  a  case 
observed  by  the  author.  In  the  legs  the 
iiewformation  may  extend  iuAvards  to  the 

■  fascia},  the  intermuscular  tissue,  periosteum, 

L  and  bone.  The  accompanying  Fig.  60  shows 
how^  the  bone  may  be  the  seat  of  new- 
formation. 

Sometimes  there  is  great  dilatation  of  the  lym- 
phatic vessels.    It  is  asserted  that  the  disease  may 

1  jdsvelop  from  so-called  lyniph-scrotum,  and  Manson 
has  inferred  that  elephantiasis,  like  lymph-scrotum, 
depends  on  the  filaria  sanguinis.    (See  under  Para- 

.  sites.)    The  author  does  not  regard  this  inference 

1  as  warranted. 

Literature. — Vihchow,  Geschwiilste,  vol.  i. ;  Es- 
iiAiiCH  und  KuLENKAMPFF,  Die  elephantiastiscen 
Pormen,  1885 ;  Cauter  On  Leprosy  and  Elephan- 
tiasis, 1874 ;  TuR^nsR,  Aniputation  of  scrotum  for 
Elephantiasis,  Glasg.  Med.  Jour.,  1882,  vol.  i.  (with 
photographs). 

GLANDERS. 

This  disease  is  met /with  chiefly  in  horses, 
but  is  ^  occasionally  communicated  to  man. 

The  name  Farcy  is  sometimes  given  to  the  p-jg.  eo.-Hyperostosis  and  syn- 

disease  when  the  skin  and  lymphatic  system  "Ptosis  of  the  bo.ies  of  the  leg  a^^^^^ 

J     i  J  foot  in  elephantiasis.     The  bones 

are  specially  eno-aged.  present  everywhere  fiat  or  pointed 

J       o  a      ^  projections.    At  -f-  -I-  -(-  tne  tioia 

Causation.  The  disease  has  been  shown   and  fibula  are  united,  as  they  aio 

also  above  the  ankle-joint,  -ine 
by   Loffler    and     fechiitz     to    depend    on    a   astragaUis  and  os  calcls  are  also 

bacillus   which   resembles    the  tubercular 

bacillus  in  form,  but  does  not  contain  sjiores  and  requires  different 
methods  of  staining.    (See  in  section  on  Bacteriology.) 

Character  of  lesion. — The  disease  in  horses  manifests  itself  first  in 
the  formation  of  swellings  of  the  mucous  membrane  or  skin,  consisting 
of  granulation  tissue.  The  nasal  mucous  membrane  is  generally  first 
attacked,  and  there  is  cither  a  diffuse  infiltration  of  it  or  else  a  more 
localized  series  of  swellings  like  those  of  lupus.    From  this  seat  the 
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disease  spreads  to  neighbouring  lymphatic  glands,  also  along  the 
mucous  membrane  to  the  lungs  and  intestinal  tract.  The  skin  also  be- 
comes the  seat  of  lesions. 

The  granulation  tissue  here,  even  more  than  in  the  other  infective 
tumours,  tends  to  break  down,  so  that,  as  a  rule,  ulcers  soon  form,  which 
present  a  great  tendency  to  spread.  These  ulcers  arise  by  what  is 
virtually  a  suppurative  process,  and  if  the  tumours  are  situated  deep  in 
the  skin  or  mucous  membrane  there  may  be  actual  abscesses,  Avhich,  by 
ljursting,  form  ulcers.  If  the  ulcers  heal,  cicatrices  are  formed  in  the 
usual  way. 

The  manifestations  in  internal  parts  are  largely  inflammatory  in 
character.  The  lymphatic  glands  of  the  neck  are  the  seat  of  inflamma- 
tory swelling.  In  the  lungs  there  are  nodules  either  consisting  of 
granulation  tissue  with  caesous  central  parts,  or  more  distinctly  pneu- 
monic. There  are  also  in  the  mucous  membrane  of  the  intestinal  canal, 
nodiiles  which  are  sometimes  more  solid,  at  other  times  breaking  dowa 
into  pus. 

The  above  description  applies  to  the  acute  cases,  which  are  the  com- 
moner, but  the  disease  is  sometimes  chronic  in  its  course.  Chronic 
cases  have  usually  the  nodules  in  the  skin,  and  there  are  secondary 
tumours  in  the  muscles,  etc. 

In  man,  glanders,  which  occurs  occasionally  in  persons  engaged  about 
horses,  is  usually  an  acute,  rapidly  fatal  disease.  There  are  nodules 
and  rdcers  in  the  mucous  membranes  and  the  skin,  and  frequently 
phlegmonous  inflammation  of  the  skin  with  abscesses  among  the 
muscles,  etc.  In  fact,  in  man  the  disease  takes  the  inflammatory 
character  more  distinctly  than  in  the  horse.  We  may  have  in  man  also 
nodules,  ulcers,  and  abscesses  in  internal  organs.  Sometimes  the  ab- 
scesses in  lungs,  kidneys,  etc.,  cause  the  disease  to  resemble  pyaemia. 
At  other  times  the  juices  from  the  ulcers  in  the  nose  or  mouth  being 
inhaled,  may  give  rise  to  lesions  like  those  of  phthisis  pulmonalis. 

Chronic  glanders  in  man  is  characterized  by  ulcers  in  the  mucous 
membranes  of  fauces,  bronchi,  etc.,  and  in  the  skin.  There  may  be 
caseating  nodules  in  internal  organs. 

Literature. — Vihchow,  Gesliwiilste,  vol.  ii. ;  Bollinger,  Ziemssen's  Handb.,  vol. 
iii. ;  LoFFLEB  and  Schutz,  Deutsche  Med.  Wochenschr,  Dec.  1882. 

ACTINOMYCOSIS. 

This  disease  is  prevalent  in  cattle  in  whom  it  was  first  recognized  as 
parasitic  by  Bollinger.  It  has  been  observed  in  man  in  a  considerable 
number  of  cases. 
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Causation. — As  the  name  implies,  the  disease  is  due  to  a  microbe, 

whose  botanical  position 
land  life-history  have  not 
'  been  fully  made  out.  It 
L'  consists  of  short  threads, 
:  arranged    in   a  radiating 

fashion  many  springing 
;  from   a   common  centre. 

(See  Fig.  61.)  The  threads 
.  are  usually  clubbed  at  their 

outer  extremities,  but  they 

are  not  always  so.  They 

are  united  in  the  centre  of 
I  the  clump  by  a  matted 
I  mass  of  fibres.     The  little 

masses  thus  form  peculiar 


radiating  bodies  of  a  globu- 


Fig.  61.  —Actinomyces.   A  group  of  radiating  heads. 


lar  or  oval  form,  having  a  somewhat  glandular  aspect.  From  the 
radiating  arrangement  the  fungus  is  called  the  Eay-fungus  or  Actinomyces 
(a/cTi's,  a  ray).  The  individual  clumps  are  of  very  small  size,  not  visible 
to  the  naked  eye,  but  they  may  be  united  into  larger  masses  as  the 
heads  in  a  cauliflower.  These  larger  masses  appear  as  small  yellow 
sulphur-coloured  grains  in  the  discharges  and  newformations,  giving 
the  characteristic  indications  of  the  disease. 

The  fungus  has  not  been  cultivated  outside  the  body  with  unequivocal  success,  and 
even  the  direct  inoculation  of  portions  of  newformation  containing  the  fungus 
into  the  calf,  have  been  doubtfully  successful.  The  disease  is  not,  apparently, 
contagious,  and  it  seems  probable  that  the  fungus  has  some  habitat  outside  the 
animal  body.  The  occurrence  of  an  epidemic  in  a  locality  where  the  inhabitants 
had  eaten  rye  gro^vn  on  land  newly  reclaimed  from  the  sea  suggests  some  such 
habitat.  (Jensen.)  This  is  supported  by  the  fact  that  the  disease  occurs  almost 
alone  in  herbivora  and  omnivora. 

Character  of  lesion. — Whether  in  animals  or  man  each  little  fungus 
head  constitutes  a  centre  of  irritation,  and  there  forms  around  it  a  little 
mass  of  granulation  tissue  which  may  contain  giant-cells,  in  fact  a  struc- 
ture closely  resembling  a  tubercle,  but  with  a  different  micro-organism 
in  the  centre.  Besides  these  specific  centres  there  is  a  more  general  for- 
mation of  granulation  tissue.  There  is  no  tendency  to  caseation,  but 
rather  to  formation  of  pus  on  the  one  hand  or  cicatricial  tissue  on  the 
other,  but  the  new-formed  tissue  has  more  tendency  to  retain  its  unde- 
veloped form  than  granulation  tissue  generally.  In  this  way  bulky  masses, 
which  have  been  taken  for  sarcomatous  tumours,  have  been  formed 
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iiboub  the  jaws  of  cattle.  In  man  there  is  more  tendency  to  (suppuration 
than  in  cattle. 

The  locality  of  the  tumour  and  the  seat  of  entrance  of  the  fungus 
have  been  studied  in  the  recorded  cases.  In  cattle  it  has  been  met 
with  chiefly  in  connection  with  the  jaw  bones,  the  tongue,  and  face.  In 
man  the  seat  of  entrance  has  been  distinguished  as,  the  jaws,  the 
respiratory  tract,  or  the  alimentary  canal.  Israel  divides  the  cases 
according  to  this  arrangement,  and  makes  a  fourth  group  in  which  the 
place  of  entrance  is  not  determined. 

In  Actinomycosis  of  the  face  and  neck,  the  fungus  has  obtained 
entrance  by  breach  of  svirfacc  in  the  mouth,  usually  in  connection  with 
carious  teeth,  so  that  the  commencement  is  usually  in  connection  with 
the  jaw.  There  is  a  formation  of  granulation  tissue  around  the  ja-\v, 
usually  the  inferior  maxilla,  extending  to  parts  around.  The  process  is 
a  chronic  one,  and  by  degrees  the  lesion  extends  to  the  surface.  Ab- 
scesses form  which  discharge  and  leave  fistulous  openings.  Sometimes 
the  newformation  extends  to  the  vertebrae  or  base  of  the  skull,  especi- 
ally when  the  ujjper  jaw  has  been  the  starting  point. 

The  respiratory  organs  may  be  the  primary  seat.  There  may  be  a 
superficial  actinomycosis,  producing  simply  a  suppurative  bronchitis. 
More  usually  the  fungus  is  in  the  substance  of  the  lung,  giving  rise  to 
chronic  condensations  and  indurations,  in  isolated  patches.  These 
enlarge  and  coalesce,  and  they  often  break  down  so  as  to  form  cavities. 
The  process  is  a  chronic  one  and  somewhat  resembles  that  in  phthisis 
pulmonalis,  but  diflfers  in  respect  that  it  does  not  usually  attack  the 
apices  of  the  lungs.  The  disease  is  apt  to  involve  the  pleura  and  the 
neighbouring  ^pericardium.  It  not  infrequently  extends  to  the  bodies 
of  the  vertebra;,  causing  them  to  become  carious.  There  is  here  a  slow 
inflammatory  process  with  exuberant  granulations  and  suppuration. 
The  abscess  may  reach  the  surface  by  a  course  similar  to  that  of  a 
tubercular  abscess  of  bone. 

The  alimentary  canal  is  more  rarely  the  primarj-  seat  of  actino- 
mycosis. There  are  nodules  and  ulcers  formed  and  the  disease  extends 
to  the  peritoneum,  leading  to  the  formation  of  granulation  tissue  and 
abscesses  in  the  cavity  of  the  peritoneum.  There  may  be  perforation 
of  the  bladder,  intestine,  or  abdominal  wall. 

In  some  cases  the  fungvis  gets  into  the  blood  and  is  disseminated  in 
various  organs.  In  that  case  there  are  abscesses  produced  and  the 
disease  is  like  a  chronic  pyaemia. 

Literature. — Bollinger,  Centralbl.  f .  d.  mecl.  Wissensch,  1877,  No.  27 ;  Ponfick, 
Die  Actinomycose  des  Mensclien,  1882 ;  Isuael,  Actinomycosis  in  man,  Syd.  Soc, 
1886;  Shattock,  Path,  trans.,  vol.  xxxvi. ;  Acl.\nd,' ditto,  vol.  xxxvii. 
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MALIGNANT  LYMPHOMA  OR  HODGKIN'S  DISEASE. 

The  exact  relations  of  this  disease,  or  group  of  diseases,  are  somewhat 
obscure.  In  many  respects  it  ^jresents  the  characters  of  the  infective 
tumours,  and  on  the  other  hand  it  is  reUxted  to  leuktemia,  this  latter 
disease  sometimes  presenting  most  of  the  organic  lesions  of  Hodgldn's 
disease.  By  some  leukaemia  is  also  included  amongst  the  specific  new- 
formations.  The  uncertainty  as  to  the  nature  of  the  disease  may  be 
inferred  from  an  enumeration  of  the  names  applied  to  it.  Besides  the 
above  we  have  Adenia,  Pseudo-leuksBmia,  Lymphosarcoma,  Malignant 
lymphadenoma,  Malignant  aleukaemic  lymphadenoma,  and  Anaemia 
lymphatica. 

The  disease  begins  in  a  particular  group  of  lymphatic  glands,  usually 
those  of  the  neck,  but  also  frequently  the  mediastinal,  bronchial,  or 
mesenteric.  The  glands  enlarge  and  the  new-formed  tissue  is  essentially 
Uke  that  of  the  normal  gland,  consisting  of  round  cells  in  a  reticulum. 
The  disease  shows  local  malignancy,  extending  not  only  from  gland  to. 
gland,  but  infiltrating  the  structures  around.  In  this  way  we  may  have 
bulky  tumoiu-s  produced,  which  are  composed  of  glands  compacted 
together  and  incorporated  with  the  surrounding  tissues.  In  its  local 
advance  the  tumour  will  often  mould  itself  on  neighboui'ing  structures. 
Thus,  when  originating  in  the  mediastinal  or  bronchial  glands  it  may 
incorporate  the  walls  of  the  bronchi,  the  walls  of  the  venae  cavae,  and 
other  large  veins  (first  causing  obstruction  by  thrombosis),  and  even  the 
pericardium  and  wall  of  the  heart  (as  in  a  case  observed  by  the  author). 
Again,  from  the  mesentery  it  may  extend  to  the  intestine,  and  the 
author  has  seen  a  considerable  length  of  the  small  intestine  replaced  by 
tumour  tissue,  the  general  form,  including  the  valvulae  conniventes, 
being  repeated  in  an  exaggerated  form  in  tumour  tissue.  The  local 
tumour  not  infrequently  presents  considerable  induration  due  to  devel- 
opment of  fibrous  tissue,  and  it  may  also  present  caseation. 

Besides  this  local  malignancy  there  is  usually  extension  by  metastasis 
to  distant  organs.  The  organ  most  frequently  affected  is  the  spleen, 
where  round-celled  tissue  forjns  around  the  arteries.  This  may  be  a 
simple  increase  of  the  lymphatic  tissue  normally  surrounding  the  splenic 
arteries.  The  tumour  tissue  is  thus  mixed  with  the  tissue  of  the  spleen, 
and  the  greatly  enlarged  organ  appears  infiltrated  with  a  Avhitish  sub- 
stance which  has  been  compared  to  lumps  of  suet  in  a  pudding.  The 
kidneys  also  not  infrequently  take  part  in  the  process.  They  are  the 
seat  of  extensive  infiltrations  similar  to  those  sometimes  scon  in 
lenka;mia.    The  liver,  follicles  of  the  intestine,  and  tonsils  are  also  not 
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infrequently  affected.  The  liver  may  show  an  infiltration  of  the  capsule 
of  Glisson  with  round  cells,  just  as  in  leukaemia.  The  enlargement  of 
the  solitary  follicles  of  the  intestine  and  of  the  tonsils  is  like  the  le.sion 
in  the  spleen,  an  increase  of  existing  lymphatic  tissue. 

The  condition  of  the  spleen  attracted  the  attention  of  Hodgkin,  whose  original 
paper  is  entitled,  "  On  some  morbid  appearances  of  the  absorbent  glands  and 
spleen."  It  is  probably  always  enlarged,  and  is  commonly  the  seat  of  secondary 
tumom-s.  Hodgkin' s  disease  may  give  rise  to  amyloid  degeneration,  as  in  a  case 
observed  by  the  author.  In  this  case  a  sago  spleen  was  the  seat  of  secondarj' 
lymphatic  newformations.  The  newformation  occupied  the  same  structures  as 
the  amyloid  disease,  and  it  was  interesting  to  observe  how  the  round-cell  infil- 
tration caused  absorption  of  the  amyloid  material,  and  how  the  arteries,  whose 
walls  were  amyloid,  recovered  their  structure  under  the  influence  of  the  new- 
formation. 

The  blood  in  Hodgkin's  disease  is  in  the  condition  of  anaemia,  and  the 
symptoms,  apart  from  those  due  to  the  local  enlargements,  are  those  of 
progressive  anaemia. 

Literature. — Hodgkin,  Med.  Chir.  trans.,  1832 ;  Wilks  (who  suggested  the  name 
Hodgkin's  Disease,  and  has  chiefly  brought  it  into  prominence),  Guy's  Hosp.  Re- 
ports, 3rd  series,  vols.  ii.  and  xi.,  also  cases  in  Path,  trans. ;  Muechison,  Path, 
trans.,  xxi.  372 ;  also  papers  by  Wilks,  Greenfield,  and  others  in  Path,  trans., 
xxix.,  1878 ;  Helton  Fagge,  Medicine,  1886,  vol.  ii.  384. 
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SECTION  IX. 

TUMOURS  OE  MOEBID  GEOWTHS. 

I  Definition.  Structctre,  typical  or  ati/pical.  Causation,  Cohnhmn's  tlieory  of 
orvjin ;  inheritance;  effect  of  injuries,  etc.;  parasitic  microbes  not  a  cause, 
of  tumo2irs  proper;  influence  of  ar/e.  Growth  and  Extension,  typical  or 
atypical;  local  maliiinancy  ;  metastasis  and  generalization  of  tumours  ;  occasional 
malignancy  <f  typical  tumours.    Classification  and  Nomenclature. 

INTEODUCTION. 

A  TUMOUE  means  literally  a  swelling,  and  formerly  any  swelling  was 
called  a  tumour.    Tumor  for  example,  is  often  named  as  one  of  the 
I  cardinal  signs  of  inflammation,  and  it  is  still  customary  to  speak  of  the 
I  inflammatory  tumour.    But  the  modern  use  of  the  word  is  limited  to  a 
I  class  of  newformations  of  which  it  is  difficult  to  give  a  strict  definition. 

It  may  be  said  that  tumours  are  pieces  of  tissue  which  have  a  life  and 
:  growth  of  their  own  irrespective  of  the  needs  of  the  organism,  and  of 
1  the  general  local  conditions  around  them.    The  structure  of  a  tumour 
does  not  diff'er  in  its  elements  from  that  of  normal  tissues.    It  is  nour- 
i  ished  by  the  same  blood,  its  blood-vessels  are  continuous  with  those  of 
surrounding  parts,  its  nerves  are  connected  with  neighbouring  nerve- 
stems,  and  its  tissue,  if  not  always  precisely  the  same  as  that  near  it,  is 
I  frequently  identical.   But  it  grows  independently  and  wdthout  apparent 
object.    Thus  a  fatty  tumour  goes  on  increasing  in  size  irrespective  of 
the  adipose  tissue  in  which  it  has  its  seat,  and  the  person  may  be 
reduced  to  the  greatest  emaciation,  most  of  the  ordinary  fat  being 
absorbed,  while  little  or  no  impression  is  made  upon  the  fatty  tumour. 

Structure  of  tumours. — While  all  tumours  in  their  ultimate  structure 
are  analogous  to  the  normal  tissues,  yet  some  of  them  vary  considerably 
from  the  type  of  tissue  to  which  they  belong.  Hence,  it  is  possible  to 
distinguish  tumours  whose  structure  is  Typical,  and  others  whose 
structure  is  Atypical.  In  the  former,  the  details,  including  size  and 
shape  of  cells,  abundance  of  cells,  relation  to  intercellular  substance,  and 
so  on,  are  strictly  like  those  of  the  corresponding  normal  tissue.  In  the 
latter  the  structure  varies  from  the  normal,  chiefly  in  respect  that  the 
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cells  become  much  more  numerous,  and  that  the  intercellular  substance 
passes  into  the  background.  We  shall  see  afterwards  that  in  their  mode 
of  growth,  tumours  show  somewhat  singular  differences,  some  being 
typical  and  some  atj'pical,  and  that  in  general  the  variations  in  mode  of 
growth  correspond  with  those  in  structure. 

The  terms  Homologous  and  Heterologous  were  at  one  time  employed 
to  express  the  idea  that  the  tissue  of  the  tumour  may,  or  may  not,  cor- 
respond with  that  of  the  tissues  of  the  l^ody,  the  heterologous  tumours 
being  looked  upon  as  altogether  different  in  structure  and  foreign  to  the 
body.  In  the  modern  use  of  the  words  a  homologous  tumour  is  one 
which  exists  in  tissue  of  its  own  kind,  as  an  osseous  tumour  gro^vang 
from  bone.  A  heterologous  tumour  on  the  other  hand  is  one  which  is 
present  in  a  situation  where  no  normal  tissue  of  that  kind  exists,  as,  for 
example,  an  osseous  tumour  in  the  brain. 

Causation  of  tumours. — It  is  implied  in  the  definition  given  above 
that  the  causation  of  tumours  is  exceedingly  obscure.  For  the  most 
part,  without  any  apparent  stimulus,  they  begin  to  gTOw,  and  go  on 
without  control. 

An  explanation  of  the  origin  of  tumours  has  recently  been  suggested 
by  Cohnheim,  which  may  apply  to  some  tumours  but  certainly  does  not 
account  for  all.  He  suggests  that  the  primordial  tumour  is  a  piece  of  tissue, 
which  in  the  process  of  development  and  gro'wth  has  been,  as  it  were,  left 
over,  has  retained  its  embryonic  powers  of  growth,  and  is  not  subject 
to  the  general  laws  which  control  the  growth  of  the  tissues. 

In  enforcing  his  argument  Cohnheim  points  out  that  pieces  of  living  tissue, 
especially  if  from  young  animals,  will  bear  transplantation,  and,  if  i^laced  in  a 
favourable  situation,  may  grow  to  considerable  dimensions.  Thus,  the  spur  of  the 
cock,  transijlanted  to  the  more  vascular  comb,  will  sometimes  form  a  considerable 
tumour.  Then  Leopold  has  transplanted  living  cartilage  into  the  anterior  chamber  of 
the  eye,  where  it  acquires  vascular  connections  with  the  iris.  If  cartilage  from  an  early 
foetus  be  used  it  will  grow  so  as  to  form  a  tumour  of  some  size.  The  earlier  the 
period  of  development  of  the  fcetus  the  more  likely  is  there  to  be  a  vigorous  growth. 

Certain  facts  in  the  pathology  of  tumours  themselves  lend  some  sup- 
port to  this  view.  Thus  cartilaginous  tumours  not  infrequcntl}-  originate 
in  bones,  as  if  portions  of  the  original  fcetal  cartilage  had  been  left  over 
and  had  afterwards  grown.  Then  mucous-tissue  tumours  sometimes  occur 
in  the  subcutaneous  tissue,  a  situation  in  which  this  form  of  tissue  exists 
in  the  embryo,  the  tissue  being  itself  an  embryonic  form  of  tissue. 
Then  also,  tumours  not  infi'equentlj'^  develop  from  congenital  moles  or 
soft  warts.  These  little  outgrowths  have  commonlj^  a  rudimentarj'  or  em- 
bryonic structure  (see  section  on  Skin  Affections),  but  they  may  lie  quies- 
cent throughout  life,  and  only  occasionally  start  into  vigorous  growth. 

AVhile  Cohnheim's  theory  may  apply  to  some  tumours,  more  particu- 


CAUSATION  OF  TUMOURS. 


221 


hirly  to  the  typical  ones,  it  does  not  explain  a  large  proportion  of  cases, 
and  especially  the  cancers.  In  these  the  existing  normal  structures, 
usually  in  an  increasing  area,  give  rise  to  the  tiimour.  There  must  be  here 
some  stimuhis  acting  on  the  epithelial  structures  especially. 

Inheritance  is  generally  believed  to  play  an  important  part  in  the 
causation  of  tumours.  The  embryonic  tissue  jDresupposed  in  Cohnheim's 
theory  maj,  like  an  ordinary  malformation,  be  transmitted  by  inheri- 
tance, or  the  predisposition  to  the  abnormal  growth  in  cancer  may  be  so 
transmitted. 

The  whole  subject  of  inheritance  of  tumours  stands  in  need  of  elucidation.  It  is 
asserted  on  the  one  hand  that  "we  cannot  overestimate  the  importance  of  inheri- 
tance in  the  origination  of  cancer"  (Paget),  while  on  the  other  hand  it  is  asserted 
that  when  the  families  of  non-cancerous  persons  are  compared  with  those  of  can- 
cerous, there  is  little  or  no  a^jpreciable  difference  in  the  number  of  cancerous 
relatives  (Snow,  Ciipps).  We  have  already  seen  that  so  far  as  we  are  able  to  go  on 
demonstrable  facts,  inheritance  deals  with  local  peculiarities  of  structure.  It  is 
stated  by  Paget  that  in  the  transmission  of  cancer,  the  disease  often  passes  from  one 
situation  to  another,  as  from  the  breast  to  the  stomach  or  uterus.  This  author 
would  even  seem  to  indicate  that  in  transmission  a  cancer  may  become  a  sarcoma. 
Such  statements  run  so  counter  to  the  known  facts  of  inheritance  that  thej'  throw  con- 
siderable doubt  on  the  whole  subject.  The  strongest  arguments  in  favour  of  inheri- 
tance are  based  on  the  observation  of  individual  families,  such  as  those  recorded  by 
Paget,  Broca,  and  others. 

Injuries,  Irritations,  and  Chronic  inflammations  play  an  important 
part  in  determining  the  occurrence  of  tumours.  Thus,  fractures  of  bones 
are  sometimes  the  starting  points  of  cartilaginous  or  bony  tumours  or  of 
sarcomas.  .  Cancers  of  the  mamma  are  often  referred  to  blows  on  the 
breast.  The  seat  of  election  of  cancers  is  often  determined  by  the  local 
conditions  of  exposure  to  irritation  by  friction  or  otherwise.  For 
example,  cancer  of  the  lip  and  tongue  are  referred  to  irritation  by  a 
tobacco  pipe  or  carious  tooth;  cancer  of  the  stomach  is  often  ascribed  to 
prolonged  irritation  from  alteration  in  the  gastric  juice.  The  frequency 
of  cancer  at  the  narrow  parts  of  mucous  canals,  such  as  the  pyloric 
orifice  of  the  stomach,  the  ileo-coecal  valve,  the  os  uteri,  has  also  been 
ascribed  to  their  special  exposure  to  irritation. 

Parasitic  microbes  have  been  suspected  as  forming  the  determining 
causes  of  tumours,  but  without  any  definite  jiroof.  AVe  have  seen  that 
specific  microbes  are  the  exciting  causes  of  the  infective  tumours,  and 
the  analogy  between  their  mode  of  growth  and  that  of  malignant 
tumours,  such  as  sarcomas  and  cancers,  has  led  some  to  suppose  a 
similar  causation.  There  are  some  malignant  tumours  which  closely  re- 
seinl)le  the  infective  tumours,  and  probably  belong  actiially  to  this  class. 
The  condition  designated  Hodgkin's  disease,  for  instaiice,  is  variously 
regarded  as  a  malignant  or  as  an  infective  tumour.    An  important  dis- 
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tinction  must  be  drawn,  however,  between  the  infective  characters  of  the 
tumours  due  to  parasitic  micro-organisms,  and  of  tumours  proper.  In  the 
former  case,  the  infectiveness  is  due  to  the  extension  of  a  parasite,  which 
wherever  carried  induces  an  effect  comparable  to  inflammation,  but  with 
certq,in  specific  characters.  The  lesion  is  the  result  of  irritation  of  the 
tissue  to  which  the  parasite  is  applied.  In  the  case  of  a  tumour,  on  the 
other  hand,  there  is  everywhere  a  proper  newformation  of  tissue,  which 
■of  its  kind  is  completely  organized,  and  not  merely  an  effect  of  irritation. 
Even  when  produced  at  a  distance  from  the  primary  tumour,  the  second- 
ary one  is,  in  the  details  of  its  structure,  an  exact  reproduction  of  the 
tissue  of  the  original  growth.  Thus,  while  cancers  differ  very  greatly  in 
structure  according  to  their  seat  of  origin,  they  always,  so  to  speak, 
breed  true;  the  secondary  tumours,  however  various  their  seats,  ha\dng  the 
same  structure  as  the  primary  one.  A  striking  illustration  of  this  argu- 
ment is  afforded  by  a  case  recorded  by  the  author,  in  which  an  adenoma  of 
the  thyroid  gland  had  led  to  the  formation  of  secondary  tumours  in  the 
bones  of  the  skull.  The  primary  tumour  had  the  structure  of  the  nor- 
mal thyroid  gland,  and  the  tumours  in  the  skull  had  the  same  structure. 
It  is  scarcely  conceivable  that  any  parasite  could  produce  such  results. 

Age  is  a  factor  in  the  etiology  of  tumours.  The  frequency  of  timiours 
increases  in  proportion  to  the  persons  living  up  to  the  age  of  seventy, 
and  is  greatly  increased  from  thirty  upwards.  This  latter  fact  is  due  to 
the  prevalence  of  cancer  in  the  more  advanced  years  of  life.  Cancer  is 
a  disease  of  decadence. 

It  seems  strange  that  a  disease  characterized  by  undue  activity  of 
growth  of  certain  elements  should  occur  especially  when  the  body  gener- 
ally is  losing  in  vigour.  An  expla.nation  of  this  was  suggested  by 
Thiersch,  to  the  effect  that,  as  cancer  consists  essentially  in  an  exag- 
gerated growth  of  epithelium,  which  invades  the  neighbouring  structures, 
especially  the  connective  tissue,  the  cause  may  lie  rather  in  a  falling 
away  of  the  resistance  of  the  other  tissues  than  an  extra  "\dgour  of  the  epi- 
thelium. The  occurrence  of  cancers  in  old  cicatrices,  which  consist  of 
a  very  imperfect  connective  tissue,  would  lend  some  force  to  this  view. 

Growth  and  extension  of  tumours. — Most  tumours  enlarge  by  a  new- 
formation  of  tissue  within  themselves,  just  as  the  normal  tissues  increase 
during  the  period  of  growth.  Their  growth  is  typical.  The  tissue  of 
the  tumour  is  sometimes  continuous  with  that  of  surrounding  parts, 
sometimes  it  is  separated  by  a  capsule  composed  of  connective  tissue; 
sometimes  it  begins  by  being  continuous  and  afterwards  gets  separated. 
In  any  case  the  ordinary  tTmiour  simply  grows  by  newformation  of  its 
own  tissue.  It  often  produces  effects  on  neighbouring  parts,  by  pressure 
especially,  but  aj)art  from  these  merely  mechanical  effects,  it  does  not 
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prejudice  neighbouring  structures.  Tumours  possessing  these  characters 
arc  usually  called  Simple  or  Innocent  growths. 

But  then  there  are  tumours  of  which  this  is  not  true.  They  have  a 
tendency  to  grow  into  and  infiltrate  neighbouring  tissues,  presenting 
characters  of  what  may  be  designated  Local  malignancy :  their  mode  of 
growth  is  atypical.  This  is  peculiarly  the  case  with  sarcomas  and  cancers. 
In  the  case  of  sarcomas  the  tumour  seems  to  penetrate  into  and  develop 
as  it  were,  on  the  mould  of  the  existing  tissue — apjDarently  very  much 
in  the  style  that  a  thrombus  or  a  piece  of  catgut  in  the  tissue  is  replaced  by 
granulation-tissue  which  moulds  itself  on  it.  In  the  case  of  cancers,  on 
the  other  hand,  their  tissue,  which  is  epithelial  in  character,  penetrates 
among  the  tissues,  largely  destroying  them  and  producing  inflammatory 
disturbances. 

Besides  this  local  malignancy  the  same  classes  of  tumours  frequently 
show  a  still  more  atypical  growth  by  extending  beyond  their  local  seat. 
This  character  is  expressed  in  the  term  Metastasis,  which  is  another 
feature  of  malignancy.  In  this  case  secondary  growths  spring  uj)  in 
parts  removed  from  the  primary  tumour,  and  doubtless  something  is 
carried  from  the  original  tumour  to  the  remote  part.  In  the  case  of 
cancers  the  epithelial  processes  penetrating  into  the  tissues  readily  find 
their  way  into  the  lymphatic  spaces,  and  portions  may  be  carried 
thence  to  lymphatic  glands. 

Besides  this  metastasis  by  the  lymphatic  system,  there  is  sometimes 
a  more  distant  metastasis  by  the  blood,  in  which  case  the  tumour  is 
transplanted  to  various  parts  of  the  body,  and  the  term  Generalization 
is  used.  This  occurs  usually  after  the  lymphatic  glands  have  been  in- 
volved, but  in  sarcomas  it  is  usually  direct,  the  tumour  penetrating 
through  the  walls  of  the  vessels.  It  is  mostly  the  veins  which  are  thus 
opened  into,  and  the  first  extension  is  therefore  to  the  lungs,  but  the 
pulmonary  capillaries  may  be  in  part  traversed,  and  implantation  occur 
by  the  systemic  arteries. 

As  to  the  nature  of  the  material  which  passes  from  the  tumour,  it 
must  be  either  something  dissolved  in  the  juices,  or  else  solid  particles 
of  some  kind.  Looking  to  a  secondary  cancerous  infection  of  the  peri- 
toneum, we  can  hardly  escape  the  conclusion  that  it  is  a  finely  divided 
solid.  The  secondary  tumours  are  not  regularly  distributed  over  the 
peritoneal  surface,  but  occur  here  and  there  or  in  groups,  just  as  if  solid 
particles  had  been  carried  and  produced  their  eflects  where  they  got 
leave  to  lie.  Then  also  it  must  be  solid  particles  which  are  arrested 
hy  the  lymphatic  glands  and  give  rise  to  the  secondary  tumours  there. 
The  probability  is  that  the  actual  cells  of  the  tumour  are  carried  off  and 
deposited  at  a  distance.  Perhaps  it  is  not  the  fully  developed  cells  but 
small  rudimentary  ones. 
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In  this  connection  it  is  important  to  note  that  the  secondary  tumour 
for  the  most  part  exactly  reproduces  the  tissue  of  the  original  one,  even  ' 
to  the  smallest  details,  and  it  is  natural  under  these  circumstances  to  • 
believe  that  pieces  of  the  original  tumour  are  actually  transported. 

Occasional  malignancy  of  typical  tumours.— It  has  already  been  i 
stated  that  sarcomas  and  cancers  are  the  tumours  which  regularly  present 
a  malignant  tendency,  but  on  rare  occasions  other  tumours  also  do  so.  . 
Cartilaginous  tumours  are  not  infrequently  malignant.  Next  to  them 
mucous-tissue  tumours  most  frequently  become  malignant,  but  even  i 
fibrous  tumours  have  been  observed  to  do  so,  and  lately  Cohnheim  and  I 
others  have  recorded  cases  of  colloid  goitre  in  Avhich  secondary  tumours  ; 
occurred.  So  that  malignancy  is  not  confined  to  sarcomas  and  cancers.  . 
On  the  other  hand  tumours  having  the  structure  of  sarcomas  may  • 
remain  local  to  the  end. 

It  has  been  usual  to  believe  that  malignancy  is  dependent  on  peculiarities  of  the  • 
tumour  itself,  and  it  is  true  that  when  a  simple  tumour,  as  sometimes  happens,  . 
assumes  malignant  characters,  it  usually  assumes  the  structure  of  a  sarcoma  or  cancer. 
The  view  already  referred  to  above  as  having  originated  with  Thiersch  has  been  i 
amplified  to  account  for  the  difference  between  a  simple  and  a  maUgnant  tumour.  In  i 
the  case  of  a  simple  tumour  the  normal  tissues  are  able  to  prevent  the  tumour-tissue  ■ 
from  penetrating  into  them,  but  in  the  case  of  malignant  tumom-s  the  tissues  have  • 
become  weakened  and  are  unable  to  form  a  barrier  to  their  extension.  "V^'hen  a  i 
simple  tumour  becomes  sarcomatous,-  it  is  because  the  tissues  around  have  acquired  I 
a  peculiar  wealmess.  When  pieces  of  a  tumour  are  transported  to  a  distance,  a  i 
struggle,  as  it  were,  occurs  between  the  tendency  of  the  tissue  of  the  tumour  to  grow,  . 
and  that  of  the  normal  tissues  to  prevent  its  growth.  In  the  case  of  a  simple  tumour 
the  tissues  assume  the  upper  hand,  and  cause  the  absoiiDtion  of  the  tumour-tissue.  . 
In  the  case  of  malignant  tumours,  however,  the  tissues  are  too  weak  to  accomplish  i 
this,  and  the  secondary  tumour  develops.  This  theory  is  not  sufficient  to  explain  all  ; 
the  facts,  and  we  must  suppose  as  well  a  special  power  of  growth  in  the  tumour.  No  ; 
doubt  the  tissues  differ  very  greatly  in  their  power  of  restraining  the  growth  of  1 
secondary  tumours.  In  the  liver,  for  instance,  cancers  grow  very  freely,  and  attain  i 
large  dimensions,  but  looldng  to  a  cancerous  liver,  it  is  difficult  to  believe  that  there  ■ 
is  not  a  special  activity  in  the  growing  tissue  of  the  tumours.  v 

Secondary  changes  in  tumours. — Tumours  are  exposed  to  the  same  .' 
pathological  processes  as  normal  tissues,  and  in  a  higher  degree.    Thus  ^ 
Ave  meet  with  fatty  degeneration,  which  is  common,  especially  in  quickly 
o-rowina:  tumours ;  calcareous  infiltration  in  stnictures  Avhich  are  obsolete; 
hgemorrhages,  principally  in  superficial  rapidly  growing  tumom-s,  Avhere  ; 
the  blood-vessels  are  ill-formed ;  and  necrosis  mostly  in  tumours  near  i 
the  surface  and  thus  exposed  to  mechanical  irritation,  the  consequences 
of  such  necrosis  being  ulceration  Avith,  it  may  be,  suppiu-ation,  hemor- 
rhage, decomposition. 

Conditions  like  those  last  named  Avill  seriously  affect  the  organism  as 
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;i  whole,  and  they  will  occur  most  frequently  in  the  case  of  malignant 
tumours,  which  grow  quickly,  and  rapidly  come  to  the  surface.  Malig- 
nant tumours  also  affect  the  organism  as  a  whole  by  the  readiness  with 

>  which  they  extend  to  or  produce  secondary  tumours  in  important  organs, 
and  secondary  cancers  frequently  also  induce  inflammations  as  in  the 

.  case  of  the  peritoneum  or  pleura. 

It  is  clear,  therefore,  that  malignant  tumours,  especially  by  bleeding, 

:  by  ulcerating  and  sloughing,  by  invading  important  jmrts,  by  producing 

■.  inflammations,  etc.,  have  a  tendency  to  deteriorate  the  system,  produc- 
ing anaemia  and  general  weakness.  If  growing  quickly  they  also  tend 
to  emaciate  by  using  up  the  nutritive  material  of  the  body.  A  simple 
tumour,  if  it  happens  to  be  at  the  surface  and  exposed  to  mechanical 

i  violence,  may  also  ulcerate  and  produce  serious  constitutional  results, 
but  it  will  be  mainly  in  the  case  of  malignant  tumours  that  these  effects, 

.  will  follow.  To  these  conditions  of  the  body  as  a  whole  the  name 
Cachexia  is  often  given.    Sometimes  also  the  term  Dyscrasia  or  Dia- 

:  thesis  is  used  with  the  meaning  that  there  is  some  peculiar  condition  of 
the  system  preceding  and  inducing  the  formation  of  malignant  tumours, 
but  of  this  there  is  no  evidence,  and  the  changes  in  the  general  condition 

i  are  always  secondary. 

Classification  and  nomenclature  of  tumours.— Tumours  have  some- 

:  times  been  classified  and  named  according  to  their  clinical  characters, 

i  whether  innocent  or  malignant,  the  term  cancer  being  used  to  include 

:  malignant  groAvths  in  general.  A  true  system  of  classification  Avill  take  into 

I  account  the  origin,  structiure,  and  mode  of  growth  of  tumours,  and  such 
a  classification  will  be  found  ultimately  to  correspond  with  clinical  facts. 

In  classifying  tumours  according  to  their  origin  we  may  assume  that 
they  take  origin  in  tissues  of  their  own  nature.  This  is  at  least  admitted 
m  the  case  of  simple  tumours;  a  fatty  tumour,  for  example,  originates 
m  adipose  tissue.  In  the  case  of  cancers,  whose  more  important  elements 
are  epithelial,  Virchow  asserted  that  they  originated  from  connective 
tissue.  This  was  opposed  by  Thiersch,  who  showed  that  in  the 
case  of  epithelial  cancer  the  cells  originate  from  existing  epithelium. 
This  view  has  been  amplified  by  Waldeyer,  who,  in  a  very  elaborate 
series  of  investigations,  has  shown  that  in  their  very  various  seats, 
cancers  are  in  their  origin  connected  with  the  epithelial  structures.  This 
has  led  to  a  reference  to  embryology  in  the  classification  of  tumours. 

'  An  attempt  has  been  made  to  distinguish  those  arising  from  the  various 
layers  of  the  embryo,  the  tumours  of  mesoblastic  being  separated  from 
those  of  hypoblastic  or  epiblastic  origin.  It  is  very  difficult  to  carry  out 
this  distinction  absolutely.  The  epiblast  gives  rise  to  much  besides 
epithelium,  as  does  also  the  hypoblast,  and  there  seems  even  now  consid- 
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erable  doubt  whether  the  serous  cavities  are  hypoblastic  or  mesoblastic, 
and  whether,  in  consequence,  the  layer  of  cells  covering  these  cavities  is 
endothelium  or  epithelium.  The  attempt  to  carry  out  rigidly  this  mode 
of  classification  has  led  to  great  difficulties  in  the  nomenclature  and 
placing  of  some  tumours.  Thus  we  have  tumours  of  the  pleura  and 
peritoneum,  which  have  the  structure  of  cancers,  but  German  authors 
regard  the  endothelium  of  these  cavities  as  belonging  to  the  connective 
tissue,  and  many  of  them  would  place  such  tumours  amongst  those  arising 
from  connective  tissue,  and  separate  them  from  the  cancers. 

The  structure  and  mode  of  growth  have  to  be  taken  into  account  as 
well  as  the  origin  of  tumours.  It  has  been  indicated  above  that  in 
respect  to  structure  and  mode  of  growth  tumours  may  be  typical  or  atypi- 
cal. It  will  be  convenient  to  divide  tumours,  in  the  first  instance,  on  this 
basis  into  two  great  groups,  the  typical  and  the  atypical.  In  the  further 
subdivision  of  these  groups  the  relation  of  the  tissue  to  the  corresponding 
normal  tissue  is  taken  into  consideration,  and  we  may  have  both  typical 
and  atypical  tumours  referrible  to  the  same  normal  tissue. 

The  grouping  of  tumours  into  typical  and  atypical  forms  will  nearly 
correspond  with  the  clinical  distinction  of  innocent  and  malignant,  but 
it  must  not  be  forgotten  that  the  distinction  is  not  absolute,  and  that 
typical  tumours  sometimes  assume  the  characters  of  the  atypical. 

In  naming  tumours  the  structure  is  chiefly  taken  into  account.  '  The 
typical  tumours  are  named  by  adding  the  usual  suffix  -oma  to  the  name 
of  the  tissue.  The  atypical  tumours  have  special  names  which  are 
variously  derived.  Thus,  Sarcoma  is  a  name  originally  used  in  a  very 
indefinite  way,  but  by  Virchow  applied  to  atypical  connective-tissue 
tumours.  Carcinoma  also  had  at  one  time  a  wide  and  somewhat  in- 
definite significance,  but  is  now  limited  to  atypical  tumours  whose  more 
important  structure  is  epithelium. 

A  very  great  advance  has  been  made  in  our  knowledge  of  tumours 
by  the  publication  of  Virchow's  classical  work,  "Die  krankhaften  Ge- 
schwiilste."  From  this  work  many  of  the  following  illustrations  are 
borrowed  by  the  kindness  of  the  author. 

Literature. — J.  Mullee,  Bau  und  Form  der  Krankhaften  Geschwiilste,  1838; 
VincHow,  Die  Krankhaften  Geschmilste,  1864-67 ;  Paget,  Lectures  on  Tumours,  1852, 
Surgical  Pathology,  3rd  ed.,  1870,  Path,  trans.,  xxv.,  p.  319;  Ltjcke,  in  Pitha 
and  Billroth's  Handbuch,  vol.  ii.,  part  2,  1869;  Cohnheim,  Allg.  Path.,  2nd  ed.,  vol. 
i.,  1882;  BnocA,  Trait6  des  Tumeurs;  Butun,  Ai-t.  Tumors,  Internat.  Encycl.  of 
Surg.,  vol.  iv.,  1884;  Zahn,  Congr^s  mdd.  internat.  de  Geneve,  1878;  Leopold,  Viroh. 
Arch.',  lxxxv.,p.283;  Bakee,  St.  Barth.  Hosp.  Eep.,vol.  ii.,  p.  129;  Ckipi's,  do.,  vol. 
xiv.,  p.  287;  Snow,  Clin,  notes  on  cancer,  1888;  Thiersch,  Epithelialkrebs,  1865; 
Waldeyee,  Volkmann's  Sammlung  No.  33,  1872;  Vikchow's  Ai-ch.,  xli.  and  Iv.; 
Coats,  Path,  trans.,  xxxviii.,  p.  399,  1887. 
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SECTION  IX.— Continued. 


A.— TYPICAL  OR  HISTIOID  TUMOURS. 


1.  Fibroma,  including  molhiscum  Jibromm  or  neuro -fibroma  and  hard  fibroma; 
2.  Lipoma,  diffuse  or  encapsuled,  pendulous;  3.  Myxoma,  cJiaracters  of  mucous 
tissue,  hydatid  mole,  proper  tumour,  varieties,  of  ;  4.  Chondeoma,  as  ecchondrosis 
or  enchondroma,  the  latter  usually  in  connection  xuith  bone;  5.  Osteoma,  chiefly 
as  exostosis.  Odontoma ;  6.  Myoma,  the  rhabdomyoma  rare,  the  leiomyoma  com- 
mon, structure  and  relations  of  latter ;  7.  Neuroma,  the  true  neuroma.  Wood's 
painful  subcutaneous  tumour;  8.  Angioma,  capillary,  cavernous,  lymphatic; 
9.  Glioma;  10.  P.sammoma;  11.  Lymphoma;  12.  Papilloma;  13.  Adenoma,  o/ 
various  structure  according  to  gland;  14.  Cystoma,  Cysts  arising  from  pre- 
existing cavities,  including  retention  cysts  ;  and  cysts  of  independent  orifjin, 
including  dermoid  cysts,  adenoid  cystoma,  extravasation  cysts,  etc.;  15. 
Teratoma. 

1.— THE  FIBEOMA  OE  CONNECTIVE  TISSUE  TUMOUE. 

A  S  fibrous  tissue  is  frequently  the  product  of  inflammation  we  may 
expect  that  the  demarcation  between  inflammatory  newformations 
and  fibromas  is  not  always  easy  to  make.  Elephantiasis  arabum  is 
sometimes  regarded  as  a  simple  tumour,  although  more  properly  be- 
longing to  the  infective  tumours.  There  are  cases,  however,  of  local 
enlargement  of  the  skin,  which  have  not  the  regular  course  of  elephanti- 
asis, and  which  have  more  apparent  analogies  with  tumours.  To  such 
cases  Paget's  name  of  "Cutaneous  outgrowth"  is  applicable.  There  are 
cases  also  in  which,  with  or  without  thickening  of  the  cutis,  there  is  a 
definite  encapsuled  tumour,  composed  of  soft  connective  tissue,  beneath 
the  skin.  Such  tumours  occur  chiefly  in  the  external  organs  of  genera- 
tion, and  may  attain  large  dimensions,  one  observed  by  the  author 
weighing  fifteen  pounds.    (See  Elephantiasis.) 

Pibroma  molluscum  or  Multiple  fibroma  of  the  skin  are  terms 
applied  to  cases  in  which  we  have  multiple  isolated  tumours  beginning 
as  little  gi-owths  of  connective  tissue  in  diverse  regions  of  the  skin,  and 
afterwards  growing  out  and  becoming  pendulous.  Thus  we  may  have 
hundreds  of  more  or  less  pendulous  tumours  in  various  parts  of  the 
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body.    This  purely  fil)rous  molluscum  must  be  carefully  distinguished 
from  molluscum  contagiosum,  a  totally  different  disease,  which  will  be  ■ 
considered  in  the  section  on  Diseases  of  the  Skin. 

These  multiple  fibromata  have  been  made  the  subject  of  special  study  by  Eeckling- 
hausen,  who  found  them  in  two  cases  associated  with  multiple  tumours  of  the  nerves. 
The  tumours  of  the  nerves  formed  usually  oval  swellings  in  their  course,  and  were 
composed  of  comparatively  soft  connective  tissue  in  which  the  nerve-fibres  were  ■ 
embedded.   These  tumours  are  frequently  described  under  the  name  of  Neuroma,  but 
as  they  are  really  fibrous  tissue  tumours  they  are  to  be  regarded  as  false  neuromata.  . 
The  term  Neurofibroma  or  fibroneuroma  is  more  correctly  applied.    In  Eeckling- 
hausen's  case  the  tumours  of  the  skin  were  also  found  in  their  origin  to  be  connected  . 
with  nerve-stems,  growing  from  the  nerve  sheath,  although  in  growing  they  frequently  ■ 
involved  the  sheaths  of  neighbouring  canals,  such  as  blood-vessels  and  sweat-glands. 
The  tumours  of  the  nerves  have  frequently  a  plexiform  character,  being  formed  by 
enlargement  of  the  sheaths  of  a  plexus  of  nerves.   A  similar  character  is  sometimes 
presented  by  the  cutaneous  tumours  and  may  assist  in  their  diagnosis.    Whether  ■ 
Eecklinghausen's  view  applies  generally  to  the  multiple  fibroma  of  the  skin  or  not, 
remains  to  be  determined.    It  is  confirmed  by  Kriege  and  Westphalen,  while  its 
universal  applicability  is  questioned  by  Philippson. 

Hard  Fibromas  or  true  Fibromas  are  exceedingly  dense  tumours 
composed  of  firm  connective  tissue  tightly  interlaced  and  resembling 
tendon  in  its  structure.    On  section  they  show  a  brilliant  white  surface 
and  often  a  concentric  arrangement  of  the  connective  tissue  bundles. 
We  do  not  include  here  the  uterine  fibromas,  which  are  really  muscular  ■ 
tumours,  and  will  be  described  as  such.    Fibromas  are  frequent  in  con-  ■ 
nection  with  periosteum  and  bone,  especially  on  the  jaws.    Gro-nang  ; 
from  the  periosteum  they  are  sometimes  intimately  connected  with  the  • 
bone  Avhich  may  be  as  if  buried  in  the  tumour.    Sometimes  the  fibroma 
originates  inside  a  bone.     Fibromas  also  occur  on  fascias  and  mem-  • 
branes,  as  the  dura  mater,  and  are  not  uncommon  in  the  mamma.  Just 
as  dense  connective  tissue  formed  in  chronic  inflammation  may  become  i 
calcified,  so  may  dense  fibromas  be  partially  infiltrated  with  lime  salts.  . 
They  sometimes  undergo  partial  ossification,  or  they  may  be  mixed  I 
with  bone,  cartilage,  or  gland  tissue. 

Literature. — Vibchow's  Geschwiilste,  i. ;  Mokton  and  Coats,  Glasg.  Med.  Jour.,  . 
iii.,  145,  1870 ;  Eecklinghausen,  Die  multiplen  Fibrome  der  Haut,  1882 ;  Iveieok,  . 
Virch.  Arch.,  cviii.  466 ;  Westphalen,  do.,  ex.  29  ;  PHiLrppsoN,  do.,  602. 

2.— THE  LIPOMA  OE  FATTY  TUMOUE. 

This  form  of  tumour  consists  of  adipose  tissue  exactly  like  that  of  I 
the  body,  as  for  instance  the  subcutaneous  adipose  tissue.  Adipose  .' 
tissue  contains  bands  of  fibrous  connective  tissue  which  carry  the  vessels  • 
and  nerves,  and  so  do  lipomas,  but  in  different  tumours  this  is  variously  ; 
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abundant.  If  there  is  little  connective  tissue  the  tumour  will  be  soft, 
and  may  ev^en  feel  fluctuant.  If  there  is  much  it  will  be  hard,  and  we 
may  even  have  an  approach  to  the  fibrous  tumour,  the  flhro-lipoma. 
The  fibrous  character  may  be  increased  by  irritation,  as  where  a  tumour 
is  exposed  to  friction,  producing  a  kind  of  indurative  inflammation  in 
:  the  tumour. 

Fatty  tumours  are  mostly  surrounded  by  a  distinct  capsule,  but 

•  sometimes  they  are  continuous  with 

.  the  surrounding  fat.    Thus  the  fat 

;  around  the  mamma  or  the  kidney 
may  undergo  such  an  enlargement  as 

:  to  warrant  the  name  of  tumour  {Lipo- 
ma capsidare).  Billroth  mentions  a 
lipoma  which  had  grown  in  between 
the  muscles  of  the  thigh  in  such  a  way 
as  that  it  could  not  be  removed  com- 
pletely. Lipomas  which  are  not 
definitely  circumscribed  may  be  called 

I  Diffuse  lipomas. 

Lipomas  are  of  common  occurrence. 
Their  most  frequent  seat  is  under  the 
skin,  especially  of  the  trunk.  They  are 
rare  under  mucous  membranes,  as 
that  of  the  stomach  (Fig.  62),  where 
there  is  normally  a  small  quantity  of  fat  corresponding  with  the  sub- 

'  cutaneous  fat.  They  are  occasionally  met  with  in  connection  with  serous 

I  and  synovial  membranes,  in  the  appendices  epiploicse  of  the  intestines 
or  the  synovial  fringes.  They  are  rarely  heterologous,  occurring  where 
fat  is  not  present  normally,  as  in  the  kidneys,  brain,  etc.  The  author 
met  with  a  case  in  which  an  elongated  piece  of  fat  lay  on  the  upper 
surface  of  the  corpus  callosum.  Lipomas  are  for  the  most  part  single, 
hut  in  some  cases  they  are  multiple,  although  rarely  symmetrical. 
VVhen  multiple  they  do  not  grow  simultaneously,  and  may  appear  in 
succession  for  months  or  years. 

Fatty  tumours  sometimes  become  pendulous.  Those  in  the  appen- 
dices epiploicse  (Fig.  63)  are  so  from  the  first,  and  the  neck  of  the 
polypoid  tumour  may  get  severed,  the  tumour  becoming  a  loose  body  in 
the  peritoneum  ;  it  is  similar  with  the  lipomas  of  the  synovial  fringes. 
Subcutaneous  lipomas  may  also  become  i)endulous  and  polypoid,  and 
may  grow  to  great  dimensions  in  this  form.  There  is  apt  to  be 
ulceration  of  the  surface  of  such  tumours,  and  even  haemorrhage.  The 
tumours  of  the  subcutaneous  tissue  may,  T)y  their  weight,  gradually 


Fig.  H2. — Lipoma  in  the  wall  of  the  sto- 
mach. It  was  the  size  of  a  hazel-nut,  situated 
neai'  the  pylorus  in  the  submucous  tissue. 
Natural  size.  (ViRcnow.) 
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slide  downwards,  leaving  their  old  attachments  and  acquiring  new  ones. 
Besides  these  changes  we  have  the  occasional  induration  already  men- 


Fig,  es. — Pendulous  lipoma  of  appendices  epiploic^  of  colon. 
A  pedunculated  tumour  (a)  projects  fi  om  the  general  mass  of  sub- 
serous adipose  tissue  (b).  It  is  twisted  twice  on  its  axis,  and  the 
peduncle  is  verj-  thin.  (Virchow.) 


tioned,  and  sometimes  calcareous  infiltration  follows.  Softening,  with 
the  formation  of  a  cyst  inside  the  tumour  is  a  rare  occurrence. 

3.— THE  MYXOMA  OR  MUCOUS-TISSUE  TUMOUE. 

This  form  of  tumour  is  composed  of  mucous  tissue,  and  as  this  is 
not  one  of  the  physiological  tissues  of  the  adult,  it  will  be  proper  to 
refer  more  specially  to  its  characters.  The  blood-vessels  of  the  um- 
bilical cord  are  padded  and  protected  from  jjressure  by  a  gelatinous 
substance  called  Wharton's  jelly.  Under  the  microscoiDe,  this  consists 
of  variously  shaped  cells  separated  by  a  clear  transjoarent  intercellular 
substance.  The  intercellular  substance  is  of  gelatinous  consistence,  and 
owes  this  character  to  the  fact  that  it  consists  of  a  watery  solution  of 
mucin. 

Mucin  is  nearly  allied  to  albumen,  but  when  present  in  even  small  quantity  in  a 
solution,  it  gives  the  latter  a  sticky  gelatinous  character.  Its  chemical  reactions 
also  differ  from  those  of  albumen,  in  respect  that  though  like  it  precipitated  by 
alcohol,  the  precipitate  is  redissolved  by  water.  Also,  acetic  acid  and  other  organic 
acids  preciiJitate  mucin,  but  not  usually  albumen.  The  precipitate  of  mucin  by 
alcohol  or  acetic  acid  is  more  membranous  than  that  of  albumen.  The  reaction 
with  acetic  acid  can  be  readily  brought  out  in  Wharton's  jelly,  a  microscopic  section 
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showing,  on  adding  acetic  acid,  a  reticulated  precipitate.  These  reactions  can  also 
be  studied  in  the  mucus  from  any  mucous  membrane,  or  in  the  bile,  in  which  mucin 
is  normally  one  of  the  dissolved  constituents. 

Besides  in  the  umbilical  cord,  mucous  tissue  is  present  in  the  villi  of 
the  chorion  of  the  foetus,  the  villi  consisting  of  a  covering  layer  of 
epithelium  with  mucous  tissue  internally.  In  the  foetus,  it  is  also 
present  in  early  stages  in  the  subcutaneous  tissue  where  it  has  the  place 
of  the  subcutaneous  adipose  tissue,  being,  in  fact,  related  to  fat  very 
much  as  the  temporary  cartilage  is  to  bone.  Some  remains  of  this 
tissue  are  met  with  in  the  adult.  Thus,  the  vitreous  humour  of  the  eye 
is  really  composed  of  soft  mucous  tissue,  and  traces  of  it  have  been 
found  in  places  where  normally  adipose  tissue  exists,  as  under  the  peri- 
cardium, at  the  hilus  of  the  kidney,  subcutaneously,  and  in  the  medulla 
of  bone.  It  appears  that  in  these  positions  there  is  sometimes  a  partial 
recurrence  to  the  foetal  condition.  The  connective  substance  of  the 
brain,  the  neuroglia,  is  allied  to  mucous  tissue,  and  seems  to  present  a 
proneness  to  return  to  that  form. 

The  hydatid  mole,  which  arises  by  a  great  newformation  of  mucous 
tissue  in  the  villi  of  the  chorion,  is  regarded  by  some  as  a  form  of 
myxoma.    (See  further  in  Section  on  Generative  Organs.) 

Mucous-tissue  tumours  are  met  with  principally  in  the  subcutaneous 
tissue,  where  they  may  be 
regarded  as  perhaps  due  to 
a  piece  of  embryonic  tissue 
left  over  when  the  mucous 
tissue  was  converted  into 
adipose,  in  this  respect  re- 
semblins;  the  chondromas  of 
bone.  They  form  rounded 
or  oval  tumours  generally 
soft,  sometimes  almost  fluc- 
tuant in  consistence  and  hya- 
line in  appearance.  These 
tumours  are  sometimes 
described  as  soft  fibromas 

or  fibrn-fplliilar  tn-mmirc!  Fig.  64.— Microscopic  section  of  a  myxoma  of  the  sub- 
VL      norO-CeiiUiar     tumours,   cutaneous  tissue.     isolated  cells  and  strands  of  fibres 

Examined  under  the  micro-  "™  ^''^rn'"'         "^^"^  material 

was  present.    X  ooO. 

scope  we  have  a  very  trans- 
lucent tissue  in  the  midst  of  which  there  are  irregularly  shaped  cells. 
The  tissue  is  intersected  by  more  or  less  frequent  bands  of  connective 
tissue  (Fig.  64).    The  proportion  of  cells  varies  considerably  in  difi"erent 
cases,  and  even  in  different  parts  of  the  same  tumour. 
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Myxomas  are  also  of  somewhat  frequent  occurrence  in  the  brain  as 
compared  wth  other  tumours  in  this  organ.  They  arise  in  connection 
with  the  soft  membranes  of  the  brain  and  signal  cord,  or  in  the  ven- 
tricles, or  in  the  substance  of  the  brain.  They  sometimes  grow  to 
considerable  size,  and  are  liable  by  softening  to  take  the  form  of  cysts 
filled  with  a  mucous  fluid.  They  are  also  met  with  on  perijjheral 
nerves.  They  occur  in  the  mamma,  where  not  infrequently  they  appear 
to  have  the  character  of  a  diffuse  formation  of  mucous  tissue  between 
the  glandular  acini,  so  that  the  gland  as  a  whole  is  converted  into  a 
tumour.  In  the  salivary  glands  they  occur,  but  are  usually  of  mixed 
structure,  being  partly  formed  of  other  kinds  of  tissue. 

The  simple  pure  hyaline  myxoma  is  not  very  common,  as  the  tissue 
is  apt  to  be  mixed  with  other  forms.  From  the  relation  of  mucous  and 
adipose  tissues  it  is  not  remarkable  that  a  partial  conversion  of  a  lipoma 
into  a  myxoma  or  vice  versa,  is  met  ^dth.  There  is  also  not  infrequently 
a  mixture  with  fibrous,  cartilaginous,  or  gland  tissue.  Then,  also,  the 
myxomas  vary  very  greatly  in  the  proportion  of  cells,  the  very  cellular 
ones  being  called  medullary  myxomas,  and  frequently  graduating  into 
sarcomas.  In  fact,  with  pathologists  who  take  the  embryonic  nature  of 
the  tissue  as  the  criterion  of  sarcomas,  the  fact  that  mucous  tissue  is  the 
embryonic  precursor  of  adipose  tissue  induces  them  to  class  this  form  of 
tumour  among  the  sarcomas.  Consistently  with  these  facts  there  are 
some  myxomas  which  show  malignant  characters,  either  local  or  general 
In  a  case  recorded  by  Virchow  there  were  tumours  on  the  nerves  and 
in  the  dura  mater  of  the  cord  and  brain. 

Literature.— MoLLEE,  Arch.  f.  Anat.  u.  phys.,  1836 ;  VntCHOw,  Arch.  si.  286,  and 
Geschmilste,  i.,  p.  396. 

4.— THE  CHONDROMA  OR  CARTILAGINOUS  TUMOUR. 

This  tumour  is  composed  of  cartilaginous  tissue.  The  cartilage  may 
be  hyaline  or  fibrous,  generally  the  latter,  and  the  matrix  is  not  in- 
frequently rather  soft.  The  tumour  is  also  intersected  ^vith  fibrous 
bands  which  carry  blood-vessels  that  nourish  the  tissue.  If  a  cartila- 
ginous tumour  grows  in  connection  -with  and  out  from  cartilage  it  is 
called  an  Ecchondrosis,  but  if,  as  in  the  majority  of  cases,  it  grows  in 
connection  with  other  tissues,  then  it  is  called  an  Enchondroma.  The 
term  chrondroma  of  course  includes  both. 

The  ecchondrosos  are  usually  small  unimportant  outgrowths  chiefly 
of  the  cartilages  of  the  septum  nasi,  larynx  and  trachea  and  ribs. 

Virchow  has  described  an  interesting  form  of  so-called  ecchondrosis  at  the  basilar 
portion  of  the  occipital  and  sphenoid  bones.    The  basilar  parts  of  these  bones  are 
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foi-med  from  cartilage,  and  in  adult  life  they  are  united,  forming  a  single  bone  (os 
tribasilare).  The  junction  takes  place  irregularly  by  a  kind  of  toothed  union.  In 
this  process  a  little  bit  of  cartilage  may  be  omitted,  and  this  sometimes  develops  into 
a  little  tumour  just  under  the  basilar  artery  to  which  it  may  be  adherent.  It  will  be 
seen  that  we  have  here  an  actual  instance  of  a  little  piece  of  embryonic  tissue  left 
over  to  develop  afterwards  into  a  tumour.  This  little  tumour  sometimes  undergoes 
a  remarkable  change ;  the  cells  swell  up  and  become  like  those  of  the  chorda  dorsalis, 
but  in  other  cases  it  ossifies. 

The  cartilaginous  loose  bodies  in  joints  are  sometimes  regarded  as 
originally  outgrowths  from  the  cartilages  or  synovial  fringes  which  have 
been  broken  oft'  and  grown  after  their  separation. 

Enchondromas  are  mostly  met  with  in  connection  with  Bones.  As 
bones  are  developed  out  of  cartilage  for  the  most  part,  it  may  be  sup- 
posed that  little  bits  of  the  embryonic  cartilage  are  left  over  and  develop 
into  tumours  afterwards.  The  enchondromas  of  bone  may  be  divided 
into  central  and  peripheral,  according  as  they  originate  in  the  medulla 
or  at  the  sm-face.  The  former  are  met 
with  chiefly  in  early  life,  and  may  be  con- 
genital. They  occur  especially  in  the 
fingers  and  toes,  which  may  be  the  seat 
of  multiple  tumours  as  in  Fig.  65.  These 
tumours  begin  inside  the  phalanges  or 
metacarpal  bones,  or,  less  frequently,  the 
analogous  bones  of  the  foot.  Growing' 
mside  the  bones  they  may  be  for  a  time 
unperceived,  but  afterwards  swell  up  the 
bones  and  may  even  burst  through  the 
external  shell.  These  tumours  often  show 
a  local  malignancy,  growing  by  the  forma- 
tion of  new  nodules  in  the  tissue  around. 
The  peripheral  chondromas  are  met  with 
most  frequently  on  the  femur  and  pelvis,  and  most  rarely  on  the  bones 
of  the  face  and  skull. 

In  soft  parts  chondromas  are  found  occasionally,  but  are  commonly 
mixed  with  fibrous,  mucous,  glandular,  sarcomatous,  or  cancerous  tissue. 
They  are  particularly  frequent  in  glands,  as  the  testes,  ovaries,  mammae, 
and  salivary  glands.  In  these  situations  they  are  occasionally  found  to 
follow  chronic  irritations. 

In  their  form  chondromas  are  generally  rounded  tumours  and  dis- 
tmctly  encapsulcd,  but  if  large  they  are  lobulated. 

It  has  already  been  said  that  the  chondromas  are  often  mixed  with 
other  tissue,  and  it  is  to  be  added  that  secondary  changes  are  not  in- 
frequent.   They  sometimes  soften,  and  this  is  frequently  due  to  partial 


Fig.  66.— Multiple  internal  enchon- 
dromata  of  fiugers.  (Cornil  and  Ran- 

VIliR.) 
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transformation  into  mucous  tissue.  This  is  particularly  the  case  with 
the  glandular  enchondromas.  On  the  other  hand,  those  of  bone  are 
liable  to  ossify. 

Lastly,  chondromas  are  liable,  as  has  already  been  said,  to  show  a 
certain  malignancy,  forming  secondary  tumours,  especially  in  the  lungs. 
This  is  connected  with  the  frequently  mixed  character  of  these  tumours 
and  their  association  especially  with  sarcomas  and  cancers. 

Literature. — A.  Cooper,  Surgical  Essays,  1818;  Virchow,  Geschwiilste,  i.  435; 
MuECHisoN,  Edin.  Monthly  Jour.,  1852;  Syme  (Congenital  enchondroma),  Lancet, 
1855,  p.  116. 

5.— THE  OSTEOMA  OR  BONY  TUMOUR. 

In  this  class  are  included  tumours  composed  of  bone,  not  mere  new- 
formations  due  to  inflammation,  nor  tumours  in  which  bone  exists  as  a 

subordinate  element  with  other 
tissue. 

The  large  majority  of  bony 
tumours  grow  from  bone,  and  are 
hence  called  Exostoses.  In  re- 
gard to  their  structure,  some  are 
like  spongy  bone  with  the  inter- 
stices filled  with  ordinary  bone- 
marrow,  and  some  are  composed 
of  dense  bone  such  as  forms  the 
shaft  of  a  long  bone,  and  are 
called  ivory  exostoses. 

There  are  also  tumours  which 
originate  in  the  teeth.  When 
these  are  composed  of  cement, 
they  are  properly  called  dental 
osteomas,  but  when  formed  of 
dentine,  odontomas.  The  latter 
term,  however,  is  often  applied 
Fig.  (io.-cartiiaginous  spongy  exostosis  of  fe-  to  either  fomi.   The  tumour  may 

mur.  (ViRCiiow.) 

be  little  more  than  a  local  en- 
largement of  the  fang,  rendering  extraction  difficult,  or  there  may  be  a 
distinct  tumour,  growing  sometimes  to  the  size  of  a  walnut.  In  the 
latter  case  it  is  usually  a  true  odontoma,  composed  of  a  structure  like 
dentine. 

Of  the  proper  exostoses  several  forms  arc  distinguished. 
(1)  The  Spong-y  exostosis,  or  the  Exostosis  cartilaginea  (Fig.  66). 
These  tumours  occur  mostly  at  the  epiphyses  of  the  long  bones,  and  are 
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derived  primarily  from  the  epiphyseal  cartilage.  A  rather  favourite 
seat  is  the  dorsal  aspect  of  the  last  phalanx  of  the  great  toe,  where  they 
project  beneath  the  nail  and  produce  great  pain  and  discomfort.  They 
grow  during  childhood,  and,  just  as  the  cartilage  from  which  they  origi- 
nate ossifies,  so  do  they,  and  the  bony  tumour  formed  is  directly  con- 
tinuous with  the  bone  beneath.  The  tumour  begins  as  a  small  outgrowth, 
and  so  the  first  bone  formed  is  a  narrow  piece.  The  cartilage,  as  it  goes 
on  growing,  enlarges  in  every  direction,  and  so  overhangs  its  base,  the 
tumour  thus  becoming  larger  as  it  grows  outwards,  and  consequently 
pedunculated.  The  tumour  consists  of  spongy  bone  with  a  thin  layer 
of  cartilage  on  its  surface.  It  is  enough  to  snip  through  the  base  in 
order  to  remove  the  tumour. 

(2)  The  Ivory  exostosis  is  mostly  met  with  on  the  bones  of  the 
head,  but  also  on  the 
pelvis,  scapula,  great  toe, 
etc.  The  tumoiu-s  are 
usually  rounded  in  form, 
and  may  be  tuberculated 
on  the  surface.  In  their 
fiivourite  seat  on  the  head 
they  may  grow  from  the 
external  table  and  project 
externally,  or  from  the  in- 
ernal  table  and  project 
nternally  (as  in  Fig.  67), 
in  which  case  they  may 
produce  irritation  of  the 

brain  substance  beneath.  Fig-  67.-  internal  ivory  exostosis  of  the  frontal  bone. 
^  .         ,  The  surface  is  tuberculated,  and  the  tumour  has  a  narrow 

it  sometimes  happens  that   base,    it  was  situated  to  the  left  of  the  falx  (/).  Natural 

size.  (ViRCHOW.) 

an  ivory  exostosis  grows 

from  corresponding  parts  of  both  external  and  internal  tables.  These 
tumours  are  sometimes  multiple  (as  in  Fig.  68). 

(3)  Hyperostosis  and  Periostosis  are  names  apjilied  to  growths  of 
bone  which  are  not  properly  tumours.  They  are  localized  thickenings 
of  bones  or  portions  of  bones.  This  growth  of  particular  pavts  of  the 
bones  of  the  head  may  become  so  independent  in  its  manner  that  the 
characters  of  a  tiunour  are  simulated. 


Osteomas  of  other  parts  than  bones  are  rather  rare.  It  is  remarkable, 
however,  that  bony  masses  occur  sometimes  in  the  central  nervous 
system.  They  are  met  with  in  the  arachnoid,  where  they  used  to  be 
regarded  as  evidences  of  chronic  irritation,  and  are  hardly  tumours. 
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Actual  tumoui's  occur  in  the  dura  mater,  and  even  in  the  brain  sub- 
stance. They  are  also  met  with  in  the  eyeball,  in  the  lungs,  and,  as  little 
bony  granules,  in  the  skin. 


Pig,  68.— Multiple  exostoses  of  the  frontal  bone.    Natural  size.  (Virchow.) 

Literature.— Weber,  Die  Knochengescliwiilste,  1856;  Viechow,  Geschwiilste,  ii. 
1  and  53  (Odontoma). 

6. -THE  MYOMA  OR  MUSCULAR-TISSUE  TUMOUR. 

These  are  tumours  in  which  muscular  tissue  is  the  essential  constitu- 
ent, but  just  as  all  muscles  have  supporting  connective  tissue  so  have 
these,  some  more,  some  less.  As  there  are  two  kinds  of  muscle,  so  are 
there  two  forms  of  muscular  tumour,  those  composed  of  striated,  and 
those  of  smooth  muscle. 

The  Myoma  strio-cellulare  or  Rhabdomyoma  is  very  rare.  Tumours 
of  this  structure  are  probably  always  congenital.  They  have  been  seen 
in  the  heart,  kidneys,  ovaries,  and  testicles.  The  tumoui'  is  not  usually 
composed  of  ordinary  striated  muscle,  but  the  muscular  fibre  is  em- 
bryonic in  character,  consisting  of  spindle-shaped  cells,  Avhich  are 
transversely  striated.  Tumours  of  this  kind  have  strons;  analogies 
with  sarcomas,  and  are  sometimes  designated  myo-sarcomas.  Besides 
this,  similar  rudimentary  muscle  is  occasionally  met  "svith  in  other  forms 
of  sarcoma,  and  in  cystic  tumours  of  the  ovary  and  testicle. 

The  Myoma  Isevi-cellulare  or  Leiomyoma  is  an  exceedingly  common 
form  of  tumour,  and  is  met  with  in  almost  every  part  Avhere  smooth 
muscle  exists  normally.  According  to  the  amount  and  density  of  the 
interstitial  connective  tissue  is  the  consistence  of  the  mj^oma — it  may 
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be  very  dense  and  warrant  the  name  Fibro-mj^oma,  or  it  may  be  so  hard 
as  to  resemble  cartilage. 


Fig-.  69.— Section  of  a  myoma  of  the  uterus  stained  with  carmine.  The  muscular  nuclei 
are  seen  in  longitudinal  and  transverse  section,    x  .950. 

Myomas  are  often  described  as  fibrous  tumours,  and  in  appearance 
they  justify  this  desig- 
nation. To  the  naked 
eye  they  appear  fibrous 
on  section,  and  even 
under  the  microscope 
they  show  a  fibrous  ap- 
pearance. On  adding 
acetic  acid  to  a  micro- 
scojMc  section,  or  on 
•staining  with  carmine 
or  other  agent,  the  fibres 
are  seen  to  be  much 
more  abundantly  nu- 
cleated than  ordinary 
connective  tissue.  In 
fact,  rod-shaped  nuclei 
(not  spindles  as  in  connective  tissue)  are  so  closely  set  as  at  once  to 


„  -  -Muscular  fibre  coHh  from  a  myoma  isolated  by 
steeping  in  nitric  acid,    x  350. 


Fig.  70.- 
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suggest  a  cellular  tissue  (see  Fig.  69).  It  may  here  be  remarked  that 
in  the  unimpregnated  uterus  there  is  the  same  difficulty  in  distinguish- 
ing the  individual  spindle-cells.  In  both  cases,  however,  the  cells  may 
bo  isolated  by  macerating  the  tissue  for  twenty-four  hours  in  a  20  per 
cent,  solution  of  nitric  acid,  or  for  twenty  to  thirty  minutes  in  a  34  per 
cent,  solution  of  caustic  potash.  This  makes  the  tissue  rotten,  and 
separates  the  cells,  which  are  recognised  as  spindles  (as  in  Fig.  70). 

Myomas  always  arise  where  muscle  already  exists,  and  as  smooth 
muscle  is  most  frequent  in  the  walls  of  mucous  canals  and  cavities,  it 
is  there  that  they  usually  originate.  The  tumour  may  be  continuous 
with  the  muscular  wall,  forming  an  outgrowth  from  it,  or  it  may  be 
distinctly  isolated  and  encapsuled.  It  may  remain  in  the  substance  of 
the  muscular  wall  {iniraparietal  or  intramural),  or  it  may  slip  inwards  so 
as  to  bulge  under  the  mucous  membrane  (svhmucous),  or  it  may  pass  out- 
ward and  present  under  the  serous  coat  (subserous).  In  the  two  latter 
■cases  the  tumours  often  become  polypoid. 

By  far  the  most  frequent  seat  of  the  myoma  is  the  female  org-ans  of 
generation,  generally  the  uterus,  but  also  the  ligaments  and  ovaries. 
The  so-called  uterine  fibroids  are  myomas,  and  the  most  important  of 
these  are  the  submucous  which  so  frequently  become  polypoid,  and 
give  rise  to  haemorrhage,  sloughing,  etc. 

In  the  prostate  the  hypertrophy  frequently  met  ^yiih  in  old  men  is 
really  from  the  formation  of  muscular  tissue,  and  the  third  lobe  which 
forms  a  prominent  bulging  projection  at  the  neck  of  the  bladder  is  an 
outgrowth  from  the  muscle  of  the  jjrostate.  Sometimes  there  are 
even  isolated  muscular  tumours  in  the  midst  of  the  prostate.  This 
form  of  tumour  is  to  be  distinguished  from  the  glandular  tumour,  which 
is  a  much  rarer  form  of  hypertrophy  and  occurs  mostly  in  young  men. 
Myomas  of  the  oesophagus,  stomach,  and  intestine  are  infrequent,  and 
are  usually  submucous.  They  have  also  been  seen  in  the  urinary 
bladder.  Lastly,  they  are  rarely  met  with  in  the  skin,  one  or  two  cases 
in  connection  with  the  nipple  and  the  scrotum  having  been  observed. 

The  myoma  is  of  slow  growth,  but  may  go  on  as  long  as  thirty  or 
forty  years,  and  may  reach  a  very  great  weight,  as  much  as  60  lbs.  It  is 
nearly  always  an  innocent  tumour,  but  a  case  is  recorded  _by  Brodowski 
in  which  a  large  myoma  of  the  stomach  gave  rise  to  secondarj'-  tumours 
in  the  liver.  Retrograde  changes  may  occur,  such  as  fatty  degenera- 
tion, resulting  in  shrinking  or  the  formation  of  cysts.  If  induration 
occurs  from  formation  of  hard  connective  tissue,  this  may  calcify,  leaving 
the  muscular  tissue  in  the  spaces  between  the  calcified  trabeciUa?.  In 
some  cases,  from  derangements  of  the  circulation  in  large  tumom-s,  Ave 
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may  have  an  actual  necrosis  of  a  portion  of  the  muscular  substance, 
resulting  sometimes  in  absorption  and  the  formation  of  a  cyst.  In 
other  cases,  the  dead  structures  become  calcified  as  in  Fig.  71,  where 
muscular  elements,  connective  tissue,  and  walls  of  blood-vessels  were  all 


■Pig-  "1- — From  a  myoma,  a  portion  of  which  had  become  calcified,  a  muscular 
fibre-cells  impregnated  with  lime  salts  ;  b,  a  blood-vessel  with  wall  incrusted.  x  350. 


found  impregnated  with  lime.  As  the  myomas  so  readily  become  poly- 
poid, they  are  liable  to  be  insufficiently  nourished,  as  the  neck  gets 
thinner;  sloughing  may  even  occur,  especially  if  they  present  on  a 
mucous  surface,  and  become  exposed  to  injury.  Such  tumours  are  also 
liable  to  bleed,  especially  as  the  vessels  in  them  sometimes  undergo 
great  dilatation. 

Literature.— A  considerable  number  of  isolated  cases  of  Ehabdo-myoma  are  re- 
corded. A  list  of  these  is  given  by  Kolessnikow  in  Virch.  Arch.,  Ixviii.  554,  and 
by  HuBER  and  Bosteom,  D.  Arch.  f.  klin.  Med.  xxiii.,  208 ;  see  also  Cohnheim, 
Virch.  Arch.,  Ixvi. ;  Marchand,  do.,  Ixxiii.  andc.  (in  last-mentioned  paper,  Glycogen 
found  in  muscle).    Leiomyoma— see  chiefly  Vibchow's  Geschwiilste,  iii. 

7.— THE  NEUROMA  OR  NERVOUS-TISSUE  TUMOUR. 
A  neuroma  is  properly  a  tumour  composed  of  nerve  tissue.  As  there 
arc  two  kinds  of  nerve  tissue  so  we  may  distinguish  a  ganglionic  and  a 
fibrous  neuroma.  There  are  some  cases  of  small  tumours  projecting 
from  the  cortex  of  the  brain  which  may  be  named  ganglionic  neuromas, 
but  they  are  excessively  rare,  and  the  name  neuroma  is  virtually 
reserved  for  tumours  of  nerve  stems. 


240 


TUMOURS. 


All  tumours  of  nerve  stems  are  usually  designated  neuromas,  but  as 
such  tumours  may  really  be  composed  of  fatty,  mucous,  or  fibrous 
tissue,  it  has  become  customary  to  distinguish  those  Avhich  actually 
contain  new-formed  nerve  fibres  as  true  neuromas,  and  the  others  as 
false  neuromas. 

The  true  neuroma  is  composed  of  nerve 
fibres,  which  may  be  either  medullated,  as 
in  the  ordinary  cerebro-spinal  nerve,  or  non- 
medullated.  One  of  the  most  striking  forms 
is  the  so-called  Amputation  neuroma  (Fig. 
72).  Sometimes  after  amputations  the  cut 
ends  of  the  nerves  jDroduce  little  knots  or 
knobs  which  have  a  hard  consistence  and 
to  the  naked  eye  look  fibrous.  Under  the 
microscope  medullated  nerve  fibres  are  foimd 
running  in  bundles,  but  there  are  also  many 
fine  fibres  which  are  probably  non-medullated 
nerve  fibres.  It  is  in  this  case  as  if  the  cut 
end  of  the  nerve  had  made  an  attempt  at 
regeneration  of  the  lost  portion.  Allied  to 
this  form  is  the  traumatic  neuroma,  occur- 
ring as  the  result  of  injury  in  the  course  of  a 

Fig.  72. — Amputation-neuroma,  nerve. 

tremitr^s!"  T^Se  case'' was' ono'o^  But  ucuromas  occur  in  the  course  of  nerves 
rTmlTs  o?  th:  nTtSrIi  :™e.  Spontaneously,  and  they  are  often  multiple, 
(viRCHow.)  forming  oval  swellings,  hard  and  fibrous  in 

appearance.  They  contain  much  fibrous  tissue,  in  the  midst  of  which 
there  are  medullated  nerve-fibres  (see  Fig.  73)  recognizable  in  the  fresh 


Fie  73  —Transverse  section  of  a  neuroma.   The  medullated  nerve-fibres  are 
shown,  the  appearance  being  much  like  that  of  the  section  of  a  nerve,    x  SO. 

state  by  the  double  contour,  especially  when  the  connective  tissue  has 
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been  rendered  transparent  by  acetic  acid  or  liquor  potassje.  But 
usually  in  addition  to  those  medullated  fibres,  there  are  fine  nucleated 
fibres  which  Virchow  regards  as  non-medullated  nerve-fibres.  In  some 
neuromas  these  are  very  abundant. 

There  is  no  doubt  that  most  tumours  of  nerves  are  really  false  neuromas.  This 
applies,  as  we  have  seen  at  p.  228,  even  to  the  multiple  tumours  which  have  been 
usually  regarded  as  the  tyijical  neuromas.  It  applies  also,  at  least  in  part,  to  the 
amputation  neuromas.  It  is  obvious  that  as  a  nerve  stem  is  composed  of  connective 
tissue  and  nerve-fibres,  it  must  be  often  very  difficult  to  determine  whether  there 
has  been  newformation  of  nerve-fibres  or  not.  It  seems  questionable  whether  it  is 
worth  while,  for  the  sake  of  consistency  in  nomenclature,  to  attempt  to  restrict  the 
term  neuroma  to  those  actually  composed  of  nerve  tissue. 

The  painful  subcutaneous  tumour,  Tubercula  dolorosa,  or  Wood's 
tumour,  is  a  somewhat  difficult  growth  to  classify.  It  occurs  in  the 
form  of  a  small  round  tumour  under  the  skin,  and  is  commonly  the 
seat  of  intense  pain.  The  pain  indicates  some  connection  with  the 
nerves,  and  it  has  been  suggested  that  the  tumour  may  even  be  a  non- 
medullated  neuroma.  According  to  Virchow  there  are  tumours  of 
various   structure   in  this   category,  myomas,  angiomas,  neuromas. 


^^J'^'  Section  of  a  painful  subcutaneous  tumour  (Wood  s  tumourl  Tin-  n  t. 
pearance  la  somewhat  like  that  of  a  myoma,    x  SO.   ^         ^  tumoui;.    i  he  ap- 

xmann  has  suggested,  with  some  probability,  that  the  little  tumour 
ay  be  an  enlarged  Pacinian  body.    Eecently  Hoggan  has  described 
which  he  believes  to  be  an  adenoma  of  the  sweat-glands,  but  Avhicli 
rchow  rattier  takes  to  bo  an  angioma.    In  the  case  from  which  our 
gixres  are  taken  (Fig.s.  74  and  75)  the  tumour  consisted  of  a  dense 

Q 


242 


TUMOURS. 


interlacing  network  of  fibres,  very  suggestive  of  the  appearance  of  a 
myoma  (Fig.  74).  On  macerating  portions  in  nitric  acid  the  tissue 
broke  up  into  large  spindle  cells,  as  shown  in  Fig.  75.  This  tumour  is 
probably  a  myoma  of  the  skin,  and  several  others  examined  by  the 
author  had  a  similar  structure. 


Fig  75  —From  same  tumour  as  Fig.  74,  after  maceration  in  uitric  acid, 
spindles  are  isolated,  probably  smooth  muscle  cells.    X  350. 


Large 


Literature.-ViECHOw,  GeschmUste,  iii.  233;  E.  W.  Smith,  On  Neuroma,  184<J : 
Wood,  On  painful  subcutaneous  turn.,  1812  ;  Paget,  Lect.  on  surg.  path.,  3rd  ed.,  p. 
490.  On  false  neuroma,  see  especially  Recklinghausen,  On  multiple  fibroma,  1882 ; 
Keiege,  Virch.  Arch.,  cviii. ;  Westphalen,  Virch.  Arch.,  ex. ;  Philippson,  Virch. 
Arch.,  ex. 

8.— THE  ANGIOMA  OE  VASGULAE  TUMOUE. 

We  have  here  a  tumour  composed  of  blood  or  lymphatic  vessels. 
The  tumour  varies  in  bulk  according  to  the  contents  of  the  vessels, 
hence  some  of  them  are  occasionally  designated  Erectile  tumours.  The 
term  Nsevus  is  almost  synonymous  with  angioma  of  the  surface. 

The  commonest  form  is  (1)  the  Plexiform  or  Capillary  angioma.  This 
includes  most  of  the  vascular  nsevi,  and  consists  of  capillary  and  inter- 
mediate vessels  forming  a  rich  plexus.  It  is  mostly  a  growth  of  the 
skin,  and  may  be  very  small  or  cover  a  large  area,  forming  a  flat  soft 
surface  of  dark  or  bright  hue.  It  is  nearly  always  congenital,  although 
it  may  increase  in  size  after  birth.  Minute  capillary  n8e^^  are  very 
common,  and  are  frequently  multiple.  These  capillary  na;vi  graduate 
into  those  consisting  of  dilated  veins  (2)  the  Veiious  or  Varicose  nsevi 
(Fig.  76).  They  have  similar  situations  to  the  capillary  form  and 
similar  appearances. 

•  (3)  The  Cavernous  angioma  consists  of  tissue  like  that  of  the  corpus 
cavernosum  of  the  penis  or  clitoris,  namely  a  network  Avith  meshes 
which  communicate  freely  and  are  filled  with  blood.  When  empty  they 
are  seen  to  be  composed  of  a  pale  tissue,  in  its  texture  resembling  a 
sponge,  with  variously  thick  trabecuL^  and  variously  wide  spaces. 
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These  trabeculse  are  all  accurately  lined  with  endothelium,  and  consist 
of  connective  tissue  with  some  muscular  fibre-cells  in  them.  These 


sopn  fri  n^';;fj"'*fi°?'  if  °f  '^''^"^'^  The  large  sinuses  (shaded)  arc 

»eeu  to  he  superBcially  between  the  hair-follicles  and  glands.  (Virchow.) 

tumours  are  usually  more  or  less  prominent  {ncemis  prominens) ;  they  are 
erectile  and  sometimes  pulsatile.  Sometimes  the  tumour  merges  into 
the  neighbouring  vessels  Mathout  distinct  boundary,  but  sometimes  it 
has  a  distinct  connective  tissue  capsule,  which,  however,  appears  to  be  a 
•secondary  formation.  Sometimes  also  it  is  indurated  in  the  centre, 
and  the  induration  may  gradually  lead  to  the  obliteration  of  the  space.s 
and  the  destruction  of  the  tumour.  These  tumours  are  not  so  usually 
congenital  as  the  former  -,  '>^4v-^-i--., 

kind,  but  they  come  on  ^^gf^^€^^^^^^ 
in  childhood  at  latest,  -'<f-:^:s=s-=-;^;:^2Si3^5^3=.^^ 

and  they  may  develop 
out  of  the  other  form. 

The  skin  is  a  frequent 
scat  of  the  cavernous  an- 
gioma, especially  that  of 
the  face  or  head,  but  also 
sometimes  of  the  trunk 
or  limbs.  They  arc  also 
niet  with  in  the  liver, 

'lot  forming  prominent  tumours,  but  simply  replacing  a  piece  of 
tissue  by  cavernous  tissue.    (See  Fig.  77.) 


Fig.  77.— Cavernous  angioma  of  liver.  Tlie  fibrous  septa  arc 
shown.  The  siiaoos  between  were  oceui)ied  with  blood  during 
life.    X  90. 


liver 
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(4)  The  Lymphangioma  is  a  vascular  tumour  composed  of  lymphatics. 
Two  forms  have  been  distinguished  here  also,  namely,  the  Plexifonn 
and  Cavernous.  The  former  consists  of  a  congeries  of  dilated  lymphatics, 
while  the  latter  forms  a  more  definite  tumour.  Sometimes  the  spaces 
dilate  so  as  to  form  complex  cysts. 

These  tumours  are  mostly  congenital,  and  they  form  a  considerable 
proportion  of  the  congenital  cystic  tumours.  The  cavernous  form  seems 
to  be  the  cause  of  the  congenital  enlargements  of  the  tongue,  to  which 
the  name  Macroglossia  is  applied,  as  well  as  of  similar  enlargements  of 
the  lips  and  cheeks.  In  certain  cases  of  elephantiasis  there  is  a  great 
dilatation  of  the  lymphatics  which  some  regard  as  forming  angiomas. 

9.— THE  GLIOMA. 
This  is  a  tumour  -^vith  the  structure  of  the  connective  tissue  of  the 
central  nervous  system,  the  Neuroglia.  In  examining  a  section  of  the 
brain  substance,  it  is  difficult  to  tell  what  is  really  nervous  structure, 
and  what  the  supporting  connective  substance,  but  when  we  examine 
the  surfaces  of  the  ventricles  we  find  that  the  ganglion  cells  and  nerve- 
fibres  fall  away,  and  just  at  the  surface  or  ependyma  we  have  what  is 
presumably  a  purely  connective  substance.  When  hardened  sections 
are  examined,  this  is  seen  to  consist  of  a  finely  reticulated  network  of 
fibres  and  round  or  slightly  elongated  cells.  In  the  fresh  state  the  fibres 
are  not  obvious,  and  we  have  a  granular  material.  This  connective 
substance  has  some  of  the  characters  of  mucous  tissue,  and  seems 
allied  to  it. 

The  glioma  as  it  occurs  in  the  brain  does  not  usually  form  an 

isolated    tumour,  but, 
being  continuous  with 
the  brain  substance,  has 
more  the  appearance  of 
a  swelling  of  part  of  the 
brain.    It  is  seen  also 
that  the  diff"erent  shades 
of  colour  of  diflcrent 
are 
:lioma 
ce. 

soft  in  consistence  and 
grey  in  colour,  so  as 
-  GUouia  of  brain.  to  rescmble  braiii-sub- 

sometimes  attain  considerable    density.  They 


Fis.  TS 


stance,   but  they 
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.sometimes  occur  as  small  granular  or  warty  projections  on  the  surface 
of  the  ventricles,  but  the  more  important  ones  involve  considerable 
portions  of  the  brain  substance. 

Under  the  microscope  the  glioma  is  seen  to  resemble  the  neuroglia, 
but  the  cells  are  much  more  abundant.  There  is  a  well-developed  fine 
or  coarse  net-work  and  in  it  cells  with  oval  nuclei.  (See  Fig  78.)  The 
cells  present  considerable  variety  in  size. 

Gliomas  being  soft  and  somewhat  cellular  tumours,  are  liable  to 
secondary  changes.  H£emorrhage  not  infrequently  occurs,  and  the 
blood  causing  pressure  around,  the  case  may  end  like  one  of  hsemor- 
rhagic  apoplexy.  The  tumour  may  also  undergo  fatty  or  caseous 
metamorphosis,  and  if  a  limited  haemorrhage  has  occurred  the  clot  may 
change  in  a  similar  way.  In  this  manner  a  tumour  which  had  originally 
the  appearance  of  brain  substance  may  change  considerably. 

The  tumour  is  usually  of  slow  growth  and  non-malignant,  except  in 
the  sense  that  on  account  of  its  site  it  often  affects  important  parts  and 
causes  death. 

Gliomas  occur  also  in  the  retina,  forming  soft  tumours  which  fill  up 
the  eyeball.  The  true  glioma  is  an  innocent  tumour,  but  sometimes  it 
assumes  a  sarcomatous  character  and  malignancy  is  developed. 

10.— THE  PSAMMOMA  OR  BRAIN  SAND  TUMOUR. 

The  pineal  gland  contains  calcareous  particles  like  grains  of  sand,  and 
tumours  are  met  with  in  which  similar  particles  are  present.  It  is 
necessary,  of  course,  to  distinguish 
these  from  tumours  in  which  simply  a 
secondary  calcareous  infiltration  has 
occurred.  The  psammoma  is  com- 
posed of  soft  connective  tissue  in  the 
midst  of  which  there  are  calcareous 
masses  in  the  form  of  irregular  globes, 
rods  or  spines.  (See  Fig.  79.)  The 
commonest  form  is  the  globe,  which 
has  rounded  projections  on  its  surface 
like  a  berry.  The  origin  and  signifi- 
cance of  these  masses  is  obscure.  The 
tumours  are  met  with  in  the  pineal 

giarul,  cnorOlCl  plexus,  and  brain  sub-    substimoe.  Globular  particles  of  brain  sand 
„.  ,  „  are  visible. 

Stance,  and  are  usually  small.  They 

also  occur  in  the  dura  mater,  where  they  form  half  globular  tumours, 
sometimes  as  large  as  a  cherry  and  either  smooth  or  irregular,  on  the 
surface. 


246 


TUMOURS. 


The  calcareous  particles  probablj^  arise  hy  deposition  around  the 
new-formed  vessels.  Besides  occurring  in  the  simple  psammoma,  they 
are  met  with  in  sarcomas,  myxomas,  and  other  forms  of  tumour. 

11.— LYMPHOMA  OR  LYMPHATIC  ULAND  TUMOUR. 

Under  this  designation  are  included  tumours  composed  of  tyjiical 
lymphatic  gland  tissue.  Such  tumours  originating  in  glands  would  be 
scarcely  distinguishable  from  simple  hypertrophies  of  these.  It  is 
doubtful  whether  such  simple  lymphomas  exist.  Enlargements  of 
lymphatic  glands  occur  as  a  result  of  tuberculosis  and  syphilis,  and  in 
leukaemia,  but  these  all  belong  to  distinct  categories.  The  proper 
tumours  arising  in  lymphatic  glands  and  having  their  structure  are 
nearly  all  infective  in  character  and  are  described  at  p.  217. 

12.— THE  PAPILLOMA  OR  PAPILLARY  TUMOUR. 

By  this  name  is  meant  a  tumour  composed  of  a  congeries  of  exagger- 
ated papillae  like  those  of  the  skin,  or  like  the  yiUi  of  mucous  membranes. 
A  papilla  or  villus  consists  of  a  basis  of  connective  tissue  in  which  there 
is  a  loop  of  capillary  blood-vessel,  and  a  covering  of  epithelium.  The 
epithelium  is  like  that  of  the  surface  concerned,  and  may  be  stratified  or 
in  a  single  layer. 

Their  commonest  situation  is  the  sldn,  where  they  form  the  Wart, 
which  is  an  overgrowth  of  a  group  of  existing  papillae  covered  with  hard 
epidermis.  At  the  surface  of  the  wart  the  papillae  may  be  covered  over 
with  a  continuous  layer  of  epidermis,  or  the  individual  papilla  may 
project  independently.  The  Horn  is  also  formed  on  the  basis  of  a 
group  of  papillae,  but  the  hard  horny  epidermis  is  greatlj'-  developed, 
and  forms  a  consistent  outgrowth  of  considerable  dimensions.  The 
Condyloma  is  a  syjihilitic  outgrowth  due  to  exaggeration  of  the 
pajjilli^,  with  very  soft  epidermis.  These  occur  near  the  genital 
organs  mostly. 

The  ordinary  wart  is  to  be  distinguished  from  the  Congenital  soft  warts  and  Moles. 
These  are  often  jjigmented  and  sometimes  covered  with  hairs.  In  their  structure 
they  not  uncommonly  contain  pieces  of  tissue  composed  of  round  or  spindle-shaped 
cells  and  so  differ  altogether  from  the  true  warts.  It  is  these  soft  warts  and  moles 
which  in  after  life  are  liable  to  give  rise  to  sarcomas  or  cancers. 

On  mucous  membranes  papillomas  may  be  gathered  into  local 
tumours,  or  cover  a  consideralile  surface,  giving  it  a  shaggy  villous 
appearance.  In  the  larynx  (Fig.  80)  they  often  form  localized  pro- 
minent tumours,  especially  on  the  vocal  cords.  They  ai'e  not  uncom- 
mon in  the  rectum.    In  the  urinary  bladder  they  are  of  considerable 
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importance  on  account  of  their  tendency  to  haemorrhage.  In  this 
situation  they  may  form  distinct  tumours  with  long  branched  papilla^, 
or  there  may  be  a  large  surfiico  which  is  simply  villoixs  in  appearance. 
The  papillte  are  covered  with  delicate  epithelium,  and  are  liable  to 
severe  and  frequent  hnemorrhage. 


Fig  SO. — Papilloma  of  larynx  :  e,  epithelium  ;  h,  connective  tissue  ;  g,  mucous 
glands  ;  /,  an  atrophied  gland,     x  20.   (Cornil  and  Rauvier.) 


The  pacchionian  bodies  of  the  encephalon  are  really  pai^illary  forma- 
tions, and  Dr.  Cleland  has  described  tumours  of  this  region  whicli 
seemed  to  arise  by  extreme  hyperplasia  of  these  papillse. 

Literature. — Cleland,  Glas.  Med.  Jour.,  1861. 

13.— THE  ADENOMA  OR  flLANDULAR  TUMOUR. 

As  there  are  many  glands  of  different  structure,  so  are  there  various 
forms  of  adenoma.  The  several  forms  will  be  more  particularly  de- 
scribed under  their  respective  organs,  and  it  vnll  only  be  necessary  here 
to  enumerate  them.  We  have  the  mammary,  the  prostatic,  the  thyroid, 
and  the  hepatic  adenomas.  Besides  these,  the  so-called  mucous  polypi, 
although  often  formed  of  hypertrophied  mucous  membrane,  frequentl}- 
contain  glandular  tissue  which  is  apparently,  in  some  cases,  new-formed. 
Again,  in  ovarian  tumours  there  is  frequently  a  newformation  of  gland - 
tissue  out  of  which  cysts  develop,  so  that  the  tumour  is  called  an  adeno- 
cystoma. 

The  term  adenoma  is  not  commonly  used  for  tumours  comijosed  of  lympliatic- 
gland  tissue,  although  the  expression  lymph-adenoma  is  not  infrequently  employed. 
As  the  structure  of  lymphatic  glands  differs  so  markedly  from  that  of  the  epithelial 
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glands  it  is  perhaps  better  to  reserve  the  term  adenoma  for  the  latter,  and  to  use 
that  of  lymphoma  for  the  former. 

A  rather  unfortunate  custom  of  calling  lymphatic  tissue  "  adenoid  tissue,"  with- 
out specifying  that  it  is  lymphatic,  has  become  somewhat  prevalent.  It  would  con- 
duce to  clearness  if  the  term  lymphoid  tissue  were  used  instead. 

14.— THE  CYSTOMA  OR  CYST. 

A  cyst  is  a  cavity  having  well-defined  walls  and  containing  material 
which  is  more  or  less  fluid.  Some  cysts  are  formed  simply  by  the 
transformation  of  existing  structures,  and  it  is  clear  that  according  to 
our  definition  of  tumours  these  do  not  come  under  that  designation,  as 
they  are  not  pieces  of  tissue  which  grow  independently  without  regard 
to  the  needs  of  the  organism.  There  are  other  cj^sts,  however,  which 
do  owe  their  origin  to  the  independent  newformation  of  tissue,  and 
therefore  deserve  the  name  of  tumours.  The  two  forms  are  so  similar 
in  appearance  that  it  would  be  inconvenient  to  separate  them  rigidl}', 
and  without  aiming  at  logical  accuracy  we  shall  here  consider  the  cysts 
as  a  whole.  If  necessary  the  name  Cystoma  may  be  reserved  for  strictly 
cystic  tumours.  With  such  various  origins  cysts  vary  greatly  in 
structure,  contents,  and  size.  The  structure  of  the  wall  may  be  ex- 
ceedingly simple  or  very  complex.  The  cyst  may  be  composed  of  a 
single  cavity  (unilocular)  or  of  several  sacs  united  (multilocular).  The 
different  sacs  Avill  often  run  together  so  that  their  number  will  be 
reduced,  or  a  multilocular  cyst  may  become  unilocular.  When  this  is 
the  case  there  are  usually  remains  of  the  former  partitions  visible  inside 
the  cyst. 

In  this  general  survey  of  cysts  their  mode  of  formation  is  the  most 
important  consideration.  This  will  be  more  fully  considered  here, 
Avhile  the  local  varieties  will  be  described  under  the  special  organs. 

(1)  Cysts  originating  from  pre-existing  cavities  or  canals. — Cysts 
belonging  to  this  group  will  mostly  arise  by  the  accumulation  of  the 
normal  contents  in  the  existing  cavity  or  canal.  Most  of  them  arise  in 
connection  with  glands  possessed  of  excretory  ducts,  and  they  originate 
by  obstruction  of  the  duct  and  consequent  accumulation  of  the  contents; 
but  some  are  formed  in  glands  without  such  ducts,  and  arise  by  reason 
of  an  abnormal  accumulation  of  contents.  The  former  have  been 
named  retention  cysts  by  Virchow. 

Retention  cysts  are  formed  as  the  result  of  obstruction  of  gland  ducts, 
and  the  accumulation  occurs  either  in  the  duct  itself  or  in  the  acini  of 
the  gland.  Examples  of  this  on  a  large  scale  are  furnished  by  cases  in 
which  a  main  duct  is  obstructed.  Thus  obstruction  of  the  ureter  may 
lead  to  the  conversion  of  the  kidney  into  a  large  cystic  cavity  (hydro- 
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uqArosis).  (See  Fig.  81.)  Obstruction  of  the  cystic  duct  may  cause 
the  gall  bladder  to  form  a  large  sac ;  and  closure  of  the  orifice  of  the 
vermiform  appendage  may  lead  to  the  formation  of  a  large  cyst. 


Fig-.  SI. — Hydronephrosis  with  granular  atrophy  of  the 
kidney.  The  other  kidney  showed  a  marked  compen- 
satory hypertrophy.  (Virchow.) 

Examj^les  of  retention  cysts  on  a  smaller  scale  are  very  frequent. 
Cysts  of  the  skin  frequently  arise  from  sebaceous  glands,  and  are  called 
Sebaceous  or  Atheromatous  cysts.  They  form  chiefly  on  the  scalp 
where  they  constitute  the  common  Wen.  Their  contents  consist  of  fat, 
cholestearine  and  epidermic  scales,  and  their  walls  are  formed  of  con- 
nective tissue  with  a  lining  of  epidermis,  which  may  form  a  very  thick 
layer  and  may  present  pajjillary  projections. 

Mucous  cysts  also  form  an  important  group  of  retention  cysts.  They 
occur  in  situations  where  mucous  glands  are  present,  their  chief  sites 
being  the  nostrils  and  communicating  cavities,  the  upper  surface  of  the 
epiglottis,  the  larynx,  the  oesophagus,  and  in  connection  with  the 
glands  of  Cowper  and  Bartolini. 

The  origin  and  mode  of  formation  of  the  mucous  cyst  has  been  carefully  studied 
by  Eecklinghausen.  It  has  long  been  taught  that  these  cysts  arise  by  obstruction  of 
ducts  and  accumulation  of  the  contents  behmd  them,  but  this  scarcely  explains  the 
continuous  enlargement  of  the  cysts  after  they  have  been  formed.  It  might  be 
supposed  that  the  epithelium  lining  the  cysts  would  secrete  mucus  and  so  add  to 
the  contents,  but  there  is  the  objection  to  this  that  the  epithelium  loses  its  glandular 
character,  and  there  are  no  goblet  cells  to  be  found  in  it.  The  real  state  of  matters 
appears  to  be  that  the  cyst  is  formed,  not  out  of  the  gland,  but  from  its  duct,  and, 
as  the  gland  persists,  its  secretion  is  thrown  into  the  cyst.  This  is  shown  in  Fig. 
82,  copied  from  Eecklinghausen's  paper.  It  would  thus  appear  that  the  persistence 
of  the  gland  is  an  essential  element  in  the  formation  of  the  cyst.  In  the  enlarge- 
ment of  the  cyst  the  power  which  mucin  has  of  swelling  up  and  absorbing  water  is 
of  some  consequence.  A  small  amount  of  mucin  formed  by  the  gland  and  dis- 
charged into  the  cyst  will  swell  up  and  add  considerably  to  its  contents.  Before  a 
regular  cyst  forms,  the  orifice  of  the  duct  is  obstructed,  usually  by  an  inflammation 
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around  it.  But  on  account  of  the  peculiarity  of  mucin  just  noticed,  a  small 
temporary  cyst  may  form  without  any  considerable  obstruction  of  the  duct.  If  a 
quantity  of  mucin  is  discharged  into  the  duct  it  may  swell  so  much  as  to  be  unable 
at  once  to  escape  from  the  orifice  and  so  form  a  small  cyst,  which  afterwards  dis- 
charges.   In  this  way  cysts  often  form  in  the  mucous  membrane  of  the  mouth. 


Fig.  S2. — Formation  of  mucous  cysts ;  a,  the  ijersistent  mucous  gL\ud  tissue ;  b.  tlie 
dilated  duct,    x  300.  (Reckmnghadsen.) 


It  has  already  been  noted  that  cysts  arise  in  mucous  polypi,  and  they  have  a 
similar  mode  of  formation  to  that  just  described.  The  obstruction  of  the  orifices  is 
here  the  more  likely,  as  the  polypus  itself  usually  originates  in  connection  with  a 
chronic  inflammation  of  the  mucous  membrane.  Eetention  cysts  are  also  of 
frequent  occurrence  in  the  larger  glands,  esj)ecially  the  mamma  and  kidney,  but  also 
the  liver.  In  these  there  is  obstruction  of  the  finer  ducts  or  tubules  due  usually  to 
inflammation  in  the  connective  tissue  around.  As  the  inflammation  affects  the 
gland  generally  the  resulting  cysts  are  multiple,  and  usually  of  small  size. 

Besides  the  retention  cysts  we  have  cysts  arising  by  Dilatation  of 
pre-existing  cavities  where  there  is  no  excretory  duct.  A  typical 
example  of  this  is  aiforded  by  the  ovary,  in  which  cysts  frequently 
originate  by  the  enlargement  of  the  Graafian  vesicles.  This  cystic 
formation  is  often  associated  with  chronic  inflammation  of  the  organ,  the 
increase  of  connective  tissue,  especiallj^  in  the  capsule,  preventing  the 
iisual  rupture  of  the  vesicles.  In  this  sense  there  may  be  an  analogj' 
with  the  retention  cysts.  Another  example  is  afforded  by  the  thyroid 
gland,  where  the  colloid  degeneration  in  the  saccules  may  lead  to  the 
formation  of  cysts,  which  enlarge  both  by  accunuilation  of  their  con- 
tents and  coalescence  of  neighbouring  ones. 

(2)  Cysts  of  independent  origin. — This  group  includes  a  considerable 
number  of  different  forms. 

Dermoid  cysts  are  very  complex  structures,  their  walls  consisting  of 
tissues  similar  to  those  of  the  skin  and  its  appendages,  but  frequently 
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associated  with  still  more  diverse  tissues.  The  simplest  of  them  are 
met  with  in  the  skin,  where  they  resemble  atheromatous  cysts,  but 
their  wall  is  imich  nearer  in  structure  to  the  skin,  and  usually  contains 
growing  hairs.  They  are  usually  congenital,  arising  by  inclusion  of 
portions  of  foetal  skin.  Their  situations  suggest  this  origin,  being  com- 
monly at  places  where  in  the  process  of  development  fissures  have 
united ;  thus  the  commonest  seats  are  the  outer  corner  of  the  eyebrow, 
the  neck,  and  the  mediastinum,  where  they  apparently  arise  from  im- 
peifectly  closed  branchial  fissures.  The  more  complex  dermoid  cysts 
are  found  mostly  in  the  ovary,  where  they  arise  from  the  ovum 
apparently  by  virtue  of  its  formative  power.  They  are  frequently 
very  comjjlex  in  structure,  their  wall  containing  not  only  skin  with 
hairs  and  sebaceous  glands,  but  bone,  cartilage,  teeth,  etc.  Similar 
cysts  have  been  met  with  in  the  testicle,  brain,  orbit,  lung,  peri- 
toneum, and  elsewhere.  These  complex  dermoid  cysts  may  be 
classed  along  with  the  Teratomas. 

Cysts  of  the  ovary  frequently  arise,  as  we  have  seen,  from  glandular 
tissue,  so  that  they  have  their  origin  in  Adenomas.  These  tumours  Avill 
be  fully  described  in  the  section  on  diseases  of  the  ovaries.  The 
gland  tissue  has  no  ducts,  and  as  the  eiDithelium  produces  a  mucous  or 
other  secretion  there  is  a  great  distension  resulting  in  the  formation  of 
cysts.  Sometimes  the  gland  tissue  is  rather  in  the  form  of  villous  or 
pajjillary  processes,  the  cysts  forming  by  the  union  of  these  processes 
and  accumulation  in  their  recesses. 

Cysts  sometimes  arise  in  connective  tissue  without  apparent  cause. 
Some  of  these  may  take  origin  from  the  lymphatics,  and  some  from  the 
remains  of  branchial  fissures  (see  p.  47). 

Extravasation  cysts  result  from  the  changes  which  may  occaxr  after 
hemorrhage.  This  is  exemplified  in  the  case  of  the  apoplectic  cyst 
where  the  blood-clot  and  softened  brain  substance  are  replaced  by  con- 
nective tissue  containing  fluid  in  its  meshes.  Such  cysts  may  occur 
from  softening  of  the  brain  without  haemorrhage. 

Parasitic  cysts  are  really  connective  tissue  capsules  formed  around 
l)arasitic  animals.  The  most  important  example  of  this  is  the  so-called 
hydatid  cyst  which  occurs  in  connection  with  the  taenia  echinococcus 
and  sometimes  attains  large  dimensions. 

Cysts  in  tumours  usually  originate  by  dilatation  of  glandular 
structures  and  hence  are  most  common  in  adenomas.  They  also  occur 
not  infrequently  from  softening  of  the  tumour  tissue.  This  is  especially 
the  case  in  large  tumours  and  in  those  whose  tissue  is  already  com- 
paratively soft.  All  forms  of  tumours  when  they  grow  to  a  large  size 
are  liable  to  have  cavities  in  their  central  parts  due  to  softening.  On 
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the  other  hand  the  soft  sarcomas  often  contain  cysts  without  attaining 
to  large  dimensions.  These  latter  cysts  often  contain  blood,  and 
indeed  the  tumour  may  present  little  more  than  the  characters  of  a 
cyst  filled  with  blood.  Blood- cysts  are  apparently  for  the  most  part 
sarcomas  which  have  undergone  this  process.  (Godlee.) 

Literature. — Virchow,  Gesehmilste  i.,  Lecture  ix. ;  Butlin,  Internat.  Ency.  of 
Surg.,  iv.  655 ;  Ebcklinghausen,  Virch.  Arch.,  Ixxxiv.  425 ;  Godlee,  Path.  Trans., 
xxvii.  270. 

15.— TERATOMA. 

This  name  has  been  apj)lied  by  Virchow  to  tumours  into  the  structure 
of  which  a  number  of  very  different  tissues  enter.  The  name  is 
derived  from  rspas,  a  monster.  The  tumour  contains  various  structures 
of  the  body  as  if  from  an  ill-arranged  fcBtus.  Thus  we  may  have  in  such 
tumoiirs  skin,  bone,  muscle,  glands,  nervous  tissue. 

Some  of  these  tumours  arise  by  the  abnormal  inclusion  of  a  portion 
of  a  double  monster  (see  p.  39).  They  are  most  frequently  met  with 
in  positions  where  double  monsters  are  usually  attached  to  each  other, 
namely,  in  the  sacral  region  or  further  up  the  back,  and  in  the  head  and 
neck.  They  are  also  somewhat  frequent  in  the  ovary  where  they  may 
arise  by  an  irregular  developmental  process,  the  ovum  endeavouring  to 
develop  some  of  the  perfect  tissues  of  the  body. 

The  Sacral  teratomas  and  those  of  the  head  and  neck  are  the  more 
typical  ones.  They  frequently  contain  pieces  of  bone  which  simulate 
the  bones  of  the  foetus,  also  brain  substance  and  muscle. 

The  teratomas  of  internal  organs  do  not  usually  represent  such  com- 
plete systems  or  so  many  different  tissues  as  the  sacral.  They  are 
most  frequent  in  the  ovaries,  but  also  occur  in  the  peritoneum,  testes, 
lungs,  and  so  on.  The  dermoid  cysts  already  considered  are  the  chief 
representatives  of  this  group  in  internal  organs. 
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SECTION  IX.— Continued. 

B.— ATYPICAL  TUMOURS. 

I.  Sarcoma.  Definition.  Structure;  cells,  intercellular  substance,  blood-vessels. 
Place  of  origin.  Mode  of  tjrowtli;  local  malignancy  and  metastasis.  Changes 
in  structure;  indurations,  ossifications,  cystic  formation,  idceration,  etc.  In- 
dividual  forms.  1.  Round-celled,  2.  Spindle-celled,  3.  Giant-celled,  4.  Pig- 
mented, and  5.  Plexiform  sarcomas.  Other  forms  described.  II.  Caecixoma 
OR  Cancer.  Definition.  iStructitre;  cells,  stroma,  blood-vessels,  lymphatics. 
Origin  ;  from  existing  epithelium,  shown  in  many  cases,  hence  its  localities  where 
epithelium  exists.  Influence  of  age  and  sex.  Growth  and  extension;  frequently 
by  infilti-ation  ;  ulceration  ;  secondary  tumours  in  lymphatic  glands  ;  generaliza- 
tion by  implantation  of  grafts;  usual  seats  of  secondary  tumows;  their  large 
size;  their  mimicry  of  primary  tumours.  Retrograde  changes  ;  fatty  degenera- 
tion, chiefly.  The  local  nature  of  cancer.  Individual  forms.  1.  Flat-celled 
epithelioma,  including  Rodent  ulcer,  2.  Cijlinder- celled  epithelioma,  .3.  Soft 
or  medullary  cancer,  4.  Scirrhus,  5.  Colloid  cancer,  6.  Melanotic  cancer,  7. 
Mucous  cancer,  8.  Endothelioma, 

I.— SARCOMA. 

TN  its  literal  meaning  this  term  simply  indicates  a  fleshy  tumour,  and  it 
was  formerly  applied  in  a  very  indefinite  way.  Under  the  influence 
of  Virchow,  however,  it  has  come  to  include  a  group  of  tiimours, 
which,  though  in  certain  respects  diftering  in  structure,  yet  present 
such  features  in  common  that  they  form  a  consistent  class  of  them- 
selves. 

Definition. — The  sarcomas  may  be  defined  as  tumours  which  originate 
in  one  or  other  of  the  forms  of  connective  tissue,  but  diff'er  in  struc- 
ture from  their  mother-tissue  chiefly  in  respect  that  the  cells  greatly 
preponderate  over  the  inter-cellular  substance,  and  also  that  they 
frequently  differ  greatly  in  size  and  shape.  This  definition  includes  the 
origin  of  the  tumour,  and  refers  also  to  the  atypical  character  of  the 
.structure.  It  may  be  added  that  in  its  mode  of  growth  the  sarcoma  is 
also  atypical,  having  the  characters  of  malignancy  already  referred  to. 

Structure. — Sarcomas  have  been  somewhat  aptly  compared  in  struc- 
ture to  inflammatory  newformations.    We  have  already  seen  that  the 
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tendency  of  these,  as  exemplified  in  the  granulating  wound,  is  to 
develop  into  connective  tissue.  The  round  cells  pass  into  spindle  cells, 
and  then  the  connective  tissue  develops  out  of  the  latter.  The  round 
.and  spindle  cells  may  thus  be  regarded  as  the  preparatory,  or  in  a 
certain  sense  embryonic  stage  of  connective  tissue.  In  sarcomas  we 
have  tumours  composed  of  round  cells,  and  tumours  composed  of  spindle 
■cells,  without  any  tendency  to  further  development,  as  if  the  embryonic 
form  had  been  stereotyped  for  the  whole  life  of  the  tumour.  Besides 
these  forms  sarcomas  sometimes  contain  giant-cells  (myeloijlaques). 
We  know  that  cells  of  this  nature  occur  normally  in  growing  bones 
where,  as  Wegener  and  Kolliker  have  shown,  thej'-  exercise  an  im- 
portant function  (osteoclasts),  and  they  are  not  unknown  in  granulation- 
tissue,  even  apart  from  bone.  They  also  are  to  be  regarded  as 
connective  tissue  structures,  and  as  belonging  to  a  developmental  stage 
of  connective  tissue. 

From  the  definition  given  above  of  the  sarcoma  it  will  be  apparent 
that  the  tumours  included  in  this  class  will  vary  very  greatly  in 
structure  and  other  characters.  They  will  vary  in  the  first  place 
according  to  their  tissue  of  origin,  because,  although  in  general  follow- 
ing the  type  of  granulation-tissue,  yet  they  usually  carry  with  them, 
•especially  in  the  characters  of  the  intercellular  substance,  some  indica- 
tions of  the  mother-tissue,  so  that  it  might  be  possible  to  distinguish  as 
many  forms  of  sarcoma  as  there  are  typical  tumours  of  the  connective 
tissue  series.  But  even  when  derived  from  the  same  tissue  the  tumours 
may  vary  according  to  shape,  size,  and  abundance  of  cells,  so  that  still 
greater  complexity  is  thus  introduced. 

In  the  diagnosis  of  actual  cases  reference  should  be  made  to  origin  as 
well  as  to  structure  and  mode  of  growth. 

Sarcomas  differ  according  to  the  form  of  cells  and  character  of  inter- 
cellular substance.  So  far  as  the  Cells  are  concerned  the  chief  forms 
are  those  already  mentioned,  namely,  round,  spindle-shaped,  and  giant- 
cells.  The  tumour  is  usually  homogeneous  in  its  structure,  at  least 
in  its  recent  parts  where  not  altered  by  degenerations  or  further  de- 
velopments, and  so  it  is  generally  possible  to  distinguish  sarcomas 
according  as  they  are  round-celled,  spindle-celled,  or  giant-celled.  There 
are,  however,  cases  in  which  the  cells  are  variously  shaj^ed,  partly 
round  and  partly  spindle-shaped. 

As  the  characters  of  the  individual  forms  of  coiuiective  tissue  are 
determined  by  their  Intercellular  substance,  so  in  sarcomas  the  shape 
of  the  cell  does  not  bear  a  constant  relation  to  the  character  of  the 
intercellular  substance.  Sarcomas  are  sometimes  named  according  to 
their  relations  to  the  various  connective  tissues,  thus  Fibrosarcomas, 
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Myxosarcomas,  Chondrosarcomas,  and  so  on.  Wc  even  have  tumours 
of  striated  or  smooth  muscle  which  take  on  the  sarcomatous  mode  of 
growth,  and  are  hence  called  Myosarcomas. 

The  Blood-vessels  of  sarcomas  are  generally  i-ather  thin-walled,  and 
they  run  usually  in  immediate  contact  with  the  tumour  tissue.  In 
some  cases  they  are  supported  by  complete  or  rudimentary  connective 
tissue,  which  may  divide  the  tissue  into  alveoli,  and  so  give  rise  to  an 
appearance  resembling  that  of  cancer  {alveolar  sarcovia).  vSometimes  the 
sheath  of  the  vessels  undergoes  a  peculiar  transformation  into  a 
hyaline  substance,  which  forms  a  mantle  round  the  vessels,  and  gives  a 
plexiform  character  to  the  tissue  (plexiform  sarcoma,  cylindroma.) 

Pigmentation  is  not  infrequent  in  sarcomas,  especially  in  those  arising 
in  pigmented  situations  such  as  the  sldn  and  eyeball.  The  pigment 
is  usually  in  the  cells  but  may  be  in  the  intercellular  substance. 

Place  of  origin  of  sarcomas. — As  connective  tissue  is  of  neai-ly 
universal  occurrence  sarcomas  may  arise  in  almost  any  situation.  They 
originate,  however,  for  the  most  part  where  connective  tissue  in  some 
form  is  abundant.  Thus  the  bones,  the  skin,  the  mamma  are 
frequent  seats  of  origin.  They  are  also  common  in  the  testicles  and  the 
brain,  but  are  rare  as  primary  tumours  in  other  glands,  in  the  muscles 
and  in  the  lungs. 

The  place  of  origin  has  an  important  influence  on  the  structure  of  the 
tumour  and  on  the  transformations  and  degenerations  to  which  it  is 
liable. 

Mode  of  growth  and  transformations  of  sarcomas. — The  sarcoma 
grows  by  multiplication  of  its  own  elements,  and  it  is  often  surrounded 
by  a  capsule  so  as  to  be  apparently  self-contained.  Even  when  so 
delimited,  however,  it  generally  presents  the  characters  of  local 
malignancy.  The  tumour  grows  along  the  existing  connective  tissue  of 
the  part,  and  outside  the  apparent  boundaries,  even  outside  the  capsule, 
there  are  already  the  multiplying  cells  of  the  tumour. 

This  was  very  characteristically  observed  by  the  author  in  a  case  of 
pigmented  sarcoma,  where  the  pigmented  cells  were  plainly  visible  in 
the  connective  tissue  outside  the  mass  of  the  tumoui-. 

The  tumour  thus  growing  along  the  connective  tissue  sometimes 
moulds  itself  on  the  structiu'c,  causing  atrophy  of  the  special  con- 
stituents of  the  tissue  which  it  replaces. 

Besides  this  local  malignancy,  sarcomas  frequently  give  rise  to 
Secondary  tumours  at  a  distance.  As  a  general  rule  the  lymphatic 
glands  are  not  secondarily  affected,  but  in  sarcomas  of  the  foot,  the 
tonsil,  the  testicle,  and  probably  the  kidney,  they  are  liable  to  be  in- 
volved (Butlin.)    This  fact  implies  that  cither  in  their  origin  or  in 
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process  of  growth  the  sarcomas  of  these  localities  come  into  relation 
with  the  lymphatic  vessels.  Either  with  or  without  an  intermediate 
affection  of  the  glands  the  infection  is  liable  to  extend  by  the  blood 
first  to  the  lungs,  which  are  the  most  frequent  seats  of  such  metastatic 
growths,  and  then  it  may  pass  on  by  the  systemic  circulation  to  a  large 
number  of  different  situations.  The  secondary  tumours  repeat  exactly 
in  structure  and  mode  of  growth  the  primary  one  so  that  we  may  have, 
in  the  lungs  or  elsewhere,  typical  spindle-celled  tumours,  or  even  carti- 
laginous or  ossifying  sarcomas. 

The  sarcomas  are  somewhat  liable  to  metamorphoses  and  trans- 
formations. The  soft  and  quickly  grooving  ones  are  specially  prone  to 
fatty  degeneration  and  softening,  so  that  cysts  may  form  in  this  way. 
Then  the  tissue  may  show  a  tendency  to  develop  into  the  mature  tissue 
of  its  kind.  Thus  a  fibrous  development  may  occur  in  the  sarcomas  of 
membranes,  or  a  partial  formation  of  cartilage  or  bone  may  take  place, 
and  this  tendency  may  be  so  marked  as  to  give  a  distinctive  character 
to  the  tumour,  so  that  we  may  speak  of  an  Ossifying,  Indurating,  or 
Calcifying  sarcoma.  This  peculiarity  may  give  rise  to  mistakes  in 
diagnosis  if  a  part  of  the  tumour  which  has  undergone  transformation 
be  examined.  The  tissue  thus  formed  is  not  usually  quite  typical,  the 
cells  being  as  a  rule  more  numerous  and  larger,  hence  it  is 
always  proper  to  seek  for  the  growing  margin  of  the  tumour  for 
examination. 

Besides  this  the  sarcomatous  tissue  may  be  mixed  with  other  tissues. 
Grland-tissue  is  most  frequently  thus  associated,  especially  in  the 
mamma  and  testicle.  It  is  sometimes  difficult  to  determine  whether 
the  gland-tissue  found  in  mammary  tumours  is  simply  the  remains  of 
the  gland  or  new-formed.  The  presence  of  gland-tissue  is  important  as 
it  frequently,  by  dilatation,  gives  rise  to  Cysts.  These  cysts  frequently 
give  a  special  character  to  the  sarcomas,  especially  in  the  mamma 
and  testicle,  the  association  being  indicated  by  the  term  Cystic 
sarcoma.  The  tumour  tissue  often  grows  into  the  cysts,  forming 
the  so-called  Intracystic  growth,  and  often  gi^ang  a  peculiar  character 
to  the  tumour  when  divided  by  the  knife. 

Sarcomas  coming  to  the  surface  usually  incorporate  the  skin,  convert- 
ina:  it  into  their  own  tissue,  and  then  Ulcerate.  The  ulcer  is  thus  formed 
of  the  tumour  tissue,  which  may  be  excavated  by  softening,  or  may 
pout  outwards  into  a  fungating  mass,  liable  to  bleed  (Fungus  hcematodcs). 

The  individual  forms  of  sarcoma. — The  most  convenient  division  of 
sarcomas  is  according  to  the  form  and  other  characters  of  their  cells. 
While  such  a  division  is  adopted,  however,  it  must  be  remembered  that 
tumours  occur  in  which  various  forms  of  cells  are  present. 


FORMS  OF  SARCOMA. 


257 


1.  The  round-celled  sarcoma  (Fig.  83)  is  also  called  the  granulation- 
sarcoma  and  the  encephaloid  sarcoma.    It  is  comjjosed  of  round  or 
slightly  oval  cells  generally  about  the  size  of  Avhite  blood-corjjuscles  but 
sometimes  much  larger.    It  is  an  exceedingly  soft  tumour,  often  half 
diffluent,  and  has  usuallj'  a  grey  medullary  appearance.    Its  blood- 
vessels are  in  the  form  mainly  of 
large  capillaries  whose  walls  are 
embryonic  in  structure  and  often 
present  varicose  or  aneurysmal 
dilatations.      The  vessels  are 
liable  to  rupture,  and  so  these 
tumours  often  present  interstitial 
haemorrhage.    Between  the  cells 
there  may  be  some  intercellular 
substance.     This  is  sometimes 
homogeneous     and  becomes 
opaque  with  acetic  acid  (Myxo- 
sarcoma), or  it  may  be  somewhat 
fibrous  or  reticulated. 

This  form  of  sarcoma  is  met  ,  J^f- '"^s.-Section  of  around-ceu^^^ 

Diain.    A  thm-walled  vein  with  blood-corpuscles  in 

with  in  the  skin  where  it  may  '^"^'^^^  section,  x  175. 
originate  in  a  congenital  soft  wart  or  mole;  in  the  subcutaneous  tissue  ; 
in  the  bones— forming  the  majority  of  the  so-called  medullary  cancers 
of  bone ;  in  the  muscles ;  in  the  glands— especially  the  mamma  and 
testicle ;  in  the  brain  and  elsewhere.  Being  a  soft  tumour  with  delicate 
vessels  it  more  readily  produces  secondary  tumours  by  metastasis  than 
other  sarcomas.  It  is  also  usually  a  tumour  of  rapid  growth  and 
commonly  imperfectly  delimited  from  the  surrounding  tissue.  The 
malignant  lymphoma  is  sometimes  described  under  the  name  of 
Lympho-sarcoma  (see  p.  217),  as  if  it  were  a  form  of  round-celled 
sarcoma. 

2.  The  spindle-celled  sarcoma  (Fig.  84)  is  also  called  the  fibro- 


Fig.  8-1.— Large  cells  from  a  spindle-celled  sarcoma,  x 
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sarcoma  and  corresponds  with  Paget's  class  of  recurrent  fibroids,  and 
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Lebert's  group  of  fibro-plastic  tumours.    The  cells  are  spindle-shaped 
like  those  in  the  deeper  layers  of  a  granulating  wound,  and  there 
is  comparatively  little  intercellular  substance,  the  tumour  being  mainly 
composed  of  masses  of  spindle-cells.    There  is  always,  however,  a 
certain  amount  of  intercellular  substance,  which  consists  of  fibres 
generally  of  some  density.    The  cells  are  arranged  in  bundles  which 
to  a  certain  extent  interlace  like  the  bundles  of  fibre-cells  in  the 
myoma.    There  are  great  varieties  in  the  size  of  the  cells,  some 
tumours  being  composed  of  very  small  cells,  and  these  are  usually 
soft,  while  at  the  opposite  extreme  are  cases  where  the  spindles  are 
gigantic.    When  viewed  in  mass  the  individual  spindles  may  not  be 
apparent,  but  they  are  usually  easily  isolated,  unlike  the  fibre-cells  of 
the  myoma.    These  tumours,  except  the  small-celled  forms,  are  usually 

firmer  than  the  round-celled  sar- 
comas, and  may  even  approach 
the  fibroma  in  hardness.  Many 
of  them  show  a  tendency  to 
more  complete  organization  into 
fibrous  tissue,  cartilage,  or  bone. 

The  spindle-celled  sarcoma  oc- 
curs frequently  in  the  perios- 
teum, and  in  that  case  is  firmly 
attached  to  the  bone.  It  is  also 
met  vnth  in  or  under  the  skin 
(see  Fig.  85),  in  muscles,  in  the 
testicle,  etc.  It  is  a  frequent 
tumour  in  the  mamma,  and  here 
_  it  not  infrequently  forms  the 

Fig.S5.-Largef«ngatingspindle-celledsarcomaof  adcuoid  SarCOma  and  the  CyStic 

the  foot.  (ViRCHow.)  sarcoma. 

The  spindle-celled  sarcoma  is  usually  a  distinctly  defined  tumour 
but  often,  as  in  the  case  of  the  periosteal  form,  its  boundaries  are  not 
defined,  and  it  advances  by  incorporating  neighboiu-ing  structures. 
Although  prone  to  return  after  removal,  it  has  less  tendency  than  the 
round  celled  form  to  give  rise  to  secondary  tumours  by  metastasis. 

3.  Myeloid  or  Giant-celled  sarcoma  (Fig.  86)  is  a  tumour  in  which 
the  giant-cell  is  characteristic,  but  never  forms  the  only  sarcomatous 
element  there  being  generally  spindle  cells  and  sometimes  round  cells  in 
o-reat  abundance.  The  giant-cells  are  in  greater  or  smaller  number  in 
proportion  to  the  others,  and  in  the  same  timiour  they  may  present 
various  proportions  in  diff-erent  parts.  The  tumour  tissue  is  soft  and  very 
often  of  a  brown  colour.    Cysts  not  infrequently  develop  by  softening. 
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Fig.  SO. — Giant-celled  sarcoma,    x  175. 


The  myeloid  sarcoma  occurs  in  connection  Avith  bone,  and  most 
frequently  grows  from  the  medulla.  This  is  especially  the  case  with 
the  long  bones,  where  the  tumours 
originate  in  the  cancellated  tissue  at 
the  extremity — the  most  usual  situa- 
tion being  the  lower  end  of  femur 
or  upper  end  of  tibia.  (See  under 
Diseases  of  Bone.) 

Myeloid  sarcoma  is  also  met  with 
outside  bones,  growing  from  the 
periosteum,  especially  of  the  jaws. 
Many  tumours,  to  which  the  name 
Epulis  is  given,  are  myeloid  sarcomas. 

The  myeloid  sarcoma  is,  for  the 
most  part,  slow  of  growth  and  does 
not  usually  produce  secondary  tumours. 

4.  Melanoid  or  Pigmented  sarcoma  always  originates  in  a  situation 
where  pigment  already  exists,  the  eye  or  skin.  The  cells  of  which  it  is 
composed  are  usually  spindle-shaped,  but  may  be  round,  and  from  the 
first  they  tend  to  the  aggregation  of  brown  or  black  pigment  in  their 
substance.  The  pigment  aggregates  first  around  the  nucleus,  but  is 
very  irregular  in  its  distribution.  In  a  melanotic  tumour  there  may  be 
bits  unpigmented,  and  even  in  the  pigmented  parts  some  cells  are  free 
from  pigment. 

The  melanotic  sarcomas  have  a  great  tendency  to  metastasis,  and  as 
the  material  is  conveyed  by  the  blood  there  are  pigmented  tumours 
formed  in  a  great  variety  of  organs  and  tissues  where  they  may  grow 
to  great  dimensions,  though  the  original  tumour  may  be  very  small. 

It  is  necessary  to  distinguish  from  these  proper  melanotic  sarcomas  those  which 
become  pigmented  from  blood.  In  the  former  the  pigment  is  brown  or  black  from 
the  first,  being  obviously  elaborated  by  the  cells.  In  the  latter  the  pigment  is  red 
or  yellow,  and  the  pigmentation  may  be  related  to  a  special  weakness  of  the  vessels 
allowing  of  htemorrhage. 

The  tei-m  Chloroma  has  been  applied  to  a  form  of  round-celled  sarcoma  of  a 
peculiar  greenish  yellow  or  grass-green  colour.  It  occurs  primarily  in  the 
periosteum  of  the  face  and  head,  and  may  lead  to  secondary  tumours  of  similar 
colour  in  the  liver,  kidneys,  etc.  The  colour  is  due  to  small  refracting  granules 
which  appear  to  be  composed  of  fat. 

5.  Plexiform  sarcoma  or  Cylindroma  is  a  name  applied  to  a  form 
of  tumour  whoso  relations  are  somewhat  obscure,  and  it  probably 
includes  more  than  one  kind.  The  peculiarity  of  the  tumour  is  the 
existence  of  cylinders  and  rounded  structures  having  a  hyaline  character, 
like  mucous  tissue.    In  the  centre  of  the  cylinder  there  is  often  a 
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blood-vessel,  so  that  the  hyaline  material  clothes  it  like  a  mantle.  Then, 
between  the  cylinders  of  hyaline  material  there  are  frequently  masses  of 
cells  which  may  form  long  processes  so  as  to  give  a  close  resemblance  to 
cancer,  to  whose  cells  these  may  also  conform  in  general  appearance. 

The  origin  of  these  cylinders  is  not  perfectly  clear.  In  some  cases  it  may  be  that 
we  have  a  combination  of  sarcoma  and  myxoma,  but  this  does  not  account  for  the 
peculiar  form  of  the  cylinders.  A  more  probable  explanation  is  that  the  cylinders 
arise  by  hyaline  or  mucous  degeneration  of  the  adventitia  of  the  blood-vessels,  and 
this  is  confirmed  by  the  fact  that  they  are  often  arranged  around  the  vessels.  If 
this  be  the  proper  view,  then,  in  the  tumour,  the  formation  of  blood-vessels  is  an 
important  element.  In  this  way  we  should  have  a  sarcoma  in  which  a  pecuUar 
transformation  occurs  in  the  external  coats  of  the  vessels.  It  is  on  this  view  that 
the  name  plexiform,  angiosarcoma  is  applied  to  this  form  of  timiour. 

The  tumour  as  a  whole  is  often  of  a  gelatinous  appearance,  or  it  may 
be  that  the  gelatinous  material  is  seen  to  be  in  separate  spaces  through- 
out the  tumour.  It  occurs  in  the  orbit  and  its  neighbourhood,  or  the 
upper  and  lower  jaws ;  it  may  form  part  of  the  constituents  of  tumours 
of  the  parotid,  and  it  is  also  found  in  the  brain  and  its  membranes  and 
the  peritoneum,  where  it  may  grow  to  a  large  size. . 

Besides  these  forms  of  sarcoma  several  others  are  sometimes  distinguished  and 
designated  by  special  names.  Thus  we  have  Alveolar  sarcoma  in  which  the  cells, 
which  are  generally  round  and  frequently  large,  are  arranged  in  loculi,  so  that  both 
in  the  characters  of  the  cells  and  their  arrangement  there  may  be  a  resemblance  to 
cancer.  The  place  of  origin  and  the  existence  of  a  delicate  reticulum,  which  is 
generally  present  between  the  cells,  are  generally  sufficient  to  make  the  diagnosis 
clear. 

The  Osteoid  chondroma  and  Osteoid  sarcoma  are  closely  allied  forms  of  tumour  of 
bone.  In  both  there  is  a  great  tendency  to  the  formation  of  osseous  tissue,  often  of 
imperfect  structure.  The  recent  and  growing  parts  of  the  tumours  are  composed  of 
cells  like  those  of  ossifying  cartilage,  or  of  si)indle-shaped  or  stellate  cells  with  stiff 
fibrous  intercellular  substance. 

The  Psammoma  is  often  regarded  as  a  variety  of  sarcoma.  No  doubt  spindle- 
celled  sarcomas  sometimes  contain  calcareous  ijarticles  such  as  these  already 
described.  With  less  justification  the  Glioma  is  sometimes  included  with  the 
sarcomas.  The  term  Endothelioma  is  used  by  some  to  designate  tumom-s  which 
have  a  structure  indistinguishable  from  carcinomas,  but  arise  in  fyresumably  non- 
epitheliar  structures.  We  prefer  to  include  them  among  the  cancers  where  they 
will  be  described. 

Literature. — Vikchow,  Geschwiilste,  1864-65,  ii.  170  ;  Paget,  Lect.  on  surg.  path., 
3rd  ed.,  1870,  p.  544;  Billroth,  Lect.  on  surg.  path.,  Syd.  Soc.  transl.,  1878,  ii. 
401 ;  BuTLiN,  Internat.  Encycl.  of  Surg.,  1884,  iv.  600,  and  Sarcoma  and  Carcinoma, 
1882  ;  BizzozEEO,  Wien.  med.  Jahrb.,  1878,  p.  4 ;  Ackeesl^^nn,  Volkmann's  Vortrage, 
Nos.  233,  234,  1883;  Huber  (Chloroma),  Arch.  d.  Heilk.,  xix.,  1878,  p.  129;  Chiaei 
(Chloroma),  Zeitschr.  f.  Heilk.",  iv.,  1883.  Cylindroma — Billroth,  Die  Entwick.  der 
Blutgefiisse,  1856;  Vireh.  Arch.,  xvii.  364;  S.vttleu,  Ueber  die  sogenannte  CyUn- 
drome,  1874;  Ewetzky,  Virch.  Arch.,  Ixix. ;  Waldeyeu,  do.,  Iv. ;  Fkiedlandek,  do., 
Ixvii.  .  .  .  Oi'PENHEiMEH  (Formation  of  pigment),  Virch.  Arch.,  cvi.  515. 
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II.— CARCINOMA  OR  CANCER. 


The  term  cancer  is  a  clinical  one,  expressing  the  malignant  characters 
of  the  tumour.  Like  sarcoma  it  was  formerly  applied  in  a  general  way, 
and  included  most  sarcomas.  The  delimitation  of  the  sarcomas  by 
Virchow  has  led  to  a  stricter  definition  of  the  cancers. 

Definition. — The  carcinoma  is  a  tumour  taking  origin  in  epithelium 
and  having  an  epithelial  structure,  but  in  the  arrangement  of  the 
structure  and  in  its  mode  of  growth  presenting  atypical  characters. 

Structure. — The  Cells  of  cancers  are  epithelial  in  origin  and  structure, 
but  differ  according  to  the  form  of  epithelium  from  which  they  are 
derived.  Thus  we  have  fiat  or  pavement  cells,  cylindrical  cells,  and 
glandular  epithelial  cells.  Again,  the  cells  do  not  always  correspond 
strictly  with  the  typical  cells  of  the  same  kind,  but  as  they  are  pro- 
duced in  great  numbers,  they  often  present  great  varieties  in  shape  and 
size,  yet  they  are  distinguished  usually  by  their  large  oval  nuclei  as 
epithelial  cells.  This  applies  especially  to  the  glandular  forms.  The 
various  forms  of  cells  will  be  again  referred  to  in  describing  the  varieties 
of  cancers.  The  cells  always  grow  in  larger  or  smaller  masses,  lying 
close  together  so  as  to  form  the  so-called  "cell  nests,"  which  are 
characteristic  of  cancers. 

The  Stroma  encloses 
vessels  necessary  to  the 
nourishment  of  the 
tissue.  This  stroma 
may  be  merely  the  con- 
nective tissue  of  the 
part  in  which  the  car- 
cinoma is  growing,  per- 
haps increased  l)y  a 
process  analogous  to 


that  of  chronic  inflam- 
mation as  indicated  by  ^ 
the  presence  of  round  i 
cells  in  large  numbers.  - 
In    other    cases  the 
stroma  is  as  much  a 
new-formed  tissue  as 
the  epithelium,  and  it 

may  occur  in  the  form  of  a  well-constructed  net-work  composed  of  con- 
(See  Fig.  87.) 


the  cell  masses,  and  supports  the  blood- 


Pig.  87.-  Stroma  of  a  soft  cancer  of  the  mamma  after  the  colls 
had  been  washed  out.    x  82. 
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Where  a  cancer  produces  a  well-formed  stroma  along  with  the  epithelial  masses' 
it  will  probably  grow  more  readily  into  a  distinct  tumour  than  where  the  epithelial 
masses  depend  for  their  nourishment  on  the  existing  blood-vessels.  In  this  latter 
case  the  cancer  will  commonly  present  more  the  characters  of  an  infiltration  of  the 
tissues  with  epithelial  structures,  and  this  infiltration  may  be  associated  with  such 
irritation  as  to  lead  to  considerable  newformation  of  connective  tissue,  giving  some- 
times a  considerably  fibrous  character  to  the  structm-e,  as  in  scin-hous  cancer. 

The  Blood-vessels  in  cancers  run,  as  has  iDeen  indicated,  in  the  con- 
nective tissue  stroma.  They  consist  of  wide  capillaries  with  the  usual 
arterial  and  venous  connections.  The  great  tendency  which  cancers 
present  to  extend  by  the  lymphatic  system  suggests  some  special 
structural  connection  Avith  the  Lymphatic  vessels.  According  to 
Cornil  and  Eanvier  such  a  connection  can  be  demonstrated  by  injection. 
If  a  cancerous  tumour,  before  being  laid  open,  be  punctured  with 
the  needle  of  a  hypodermic  syringe  and  a  watery  solution  of  Prussian 
blue  be  injected,  the  material  first  runs  into  the  alveoli  around  the 
puncture,  mapping  out,  as  it  were,  a  series  of  cavities,  and  then  passes 
on  into  the  lymphatic  vessels,  issuing  by  their  extremities  divided  in 
removing  the  tumour. 

Origin  and  Locality  of  carcinoma. — In  regard  to  their  place  of  origin 
it  may  be  said  that  cancers  always  arise  where  epithelium  or  endo- 
thelium is  normally  present,  and  there  seems  no  doubt  that  the 
epithelium  of  the  cancer  takes  origin  in  the  similar  cells  of  the 
normal  tissue. 

Virchow,  although  distinguishing  sarcoma  from  cancer  as  a  connective  tissue 
tumour,  asserted  that  the  cancerous  tissue  takes  origin  in  connective  tissue.  The 
great  authority  of  Virchow  has  caused  this  view  to  be  perpetuated  more  than  it 
otherwise  would  have  been.  It  was  controverted  first  by  Thiersch  who  showed  that 
in  epithelial  cancer  the  cells  can  be  seen  to  originate  from  the  epidermic  cells. 
Waldeyer,  in  a  series  of  very  elaborate  papers,  went  over  most  of  the  seats  of  cancer 
and  showed  that  in  these  the  cancer  tissue  is  directly  derived  from  the  existing 
epithelim-n. 

In  many  situations  the  actual  Connection  with  the  existing  epi- 
thelial structures  can  be  traced,  especially  if  the  growing  edge  of  the 
carcinoma  be  examined.  Thus  in  a  section  of  an  epithelioma  of  the 
lip  or  tongue  the  cylinders  of  epithelium  which  form  the  essential 
constituents  of  the  tumour,  can  be  often  traced  into  direct  connection 
with  the  malpighian  layer  of  the  epidermis.  (See  Fig.  88.)  Again,  in 
some  cases  of  primary  cancer  of  the  kidney  it  can  be  seen  that  the  tumour 
is  arising  by  direct  transformation  of  the  kidney  tissue.  The  primary 
cancer  of  the  kidney  is  not  a  tumour  added  on  to  the  kidney,  but  it  is 
generally  a  portion  of,  or  sometimes  the  whole  kidney,  which  has 
undergone  an  enormous  enlargement  while  keeping  its  general  shape ; 
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it  is  in  fact  the  kidney  or  portion  of  kidney  transformed.  And  when 
we  examine  the  marginal  parts  of  such  a  tumour  we  find  the  epithelium 
of  the  uriniferous  tubules  in  an  active  state  of  germination,  the 


Fig.  SS.— From  the  growing  margin  of  an  epithelioma  of  the  skin.  The  interpapillary  pro- 
cesses of  epidermis  penetrating  inwards,    a,  a  small  laminated  capsule,    x  100. 

tubules  getting  distended  with  new-formed  epithelium.  The  epithelium 
also  in  its  state  of  activity,  is  altering  its  shape  according  to  the  mutual 
pressure  of  the  cells,  so  that  it  sometimes  gets  elongated  and  tailed. 
(See  Fig.  89.) 

This  activity  of  the  normal  epithelium  seems  to  be  the  regular  pre- 
liminary to  the  cancerous  formation  where  it  takes  origin  in  glands. 
In  the  mamma,  for  e:!fample,  there  are  some  cancers  in  which  the 
tumours  have  a  special  connection  with  the  ducts  (Duct-cancer ;  often 
co-existing  mth  eczema  of  the  nipple  and  areola).    In  these  the  epi- 


Fig.  8n.— From  a  cancer  of  the  kidney.    A  tuhulo  Is  represented  in  which  the 
epithelium  is  undergoing  alterations  in  shape.    X  300. 

thelium  of  the  ducts,  from  the  nipple  downwards,  shows  great  activity, 
so  that  the  ducts  become  distended  with  epithelium,  which  in  ac- 
cumulating loses  its  normal  cylindrical  form.    The  epithelium  of  the 
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acini  of  the  gland  also  partakes  in  the  active  newformation.  Similar 
processes  have  been  observed  in  cancer  of  the  uterus  and  elsewhere. 
We  may  therefore  conclude  that  the  first  stage  in  the  formation  of  a 
cancer  is  an  abnormal  activity  in  the  epithelium  of  a  particular  locality. 

The  next  stage  in  the  develoi^ment  of  the  cancer  is  that  its  epithelial 
elements  break  bounds  and  extend  out  into  the  surrounding  tissue. 
It  is  this  atypical  extension  which  is  the  most  characteristic  feature. 

As  already  indicated,  cancer  may  originate  in  any  locality  where 
epithelium  or  endothelium  is  normally  present.  It  occurs  in  the  skin 
and  mucous  membranes,  in  glands,  in  the  lungs,  in  the  brain,  and  (very 
rarely)  on  serous  membranes.  But  it  shows  great  jjreferences  for 
certain  localities.  Thus  the  pre-eminent  seats  of  cancer  are  the  lower 
lip,  tongue,  mamma,  uterus,  and  stomach.  Many  of  these  preferences 
can  be  accounted  for  by  local  peculiarities.  Cancer  of  the  lower  lip 
and  tongue  have  been  ascribed  to  the  irritation  of  short  or  rough 
tobacco-pipes  and  the  jagged  edges  of  carious  teeth.  The  mamma  and 
uterus  suffer  involution  before  other  organs  of  the  body,  and  as  cancer 
is  a  disease  of  advanced  life,  the  earlier  decadence  of  these  organs  may 
determine  the  frequency  of  the  occurrence  of  cancer  in  them.  Again, 
exposure  to  injury  and  friction  have  been  already  alluded  to  as  deter- 
mining the  localities  of  cancers.  There  remain,  however,  many  unex- 
plained facts  in  regard  to  the  seat  of  origin  of  cancers. 

Age  and  sex  have  important  influences  on  the  origin  and  locality  of 
cancer.  It  is  almost  unknown  during  infancy  and  childhood,  and  is 
very  rare  under  thirty  years  of  age.  It  is  frequent  from  thirty-five  tiU 
sixty-five.  The  liability  of  the  mamma  and  uterus  to  cancer  causes  a 
considerable  preponderance  in  the  female  sex,  which  is  only  partly 
redressed  by  the  frequency  of  cancer  of  the  tongue,  lip,  and  oesophagus 
in  the  male. 

Mode  of  growth  and  extension  of  cancer. — We  have  seen  that 
cancer  is  characterized  by  the  atypical  growth  of  the  epithelium.  The 
growing  epithelium  sends  out  buds  or  oifshoots  Avhich  penetrate  into 
the  underlying  or  surrounding  tissue.  In  this  way  a  primary  cancer 
does  not  usually  grow  into  a  considerable  tumour  but  rather  insinuates 
itself  amongst  the  tissues  around.  Hence  we  speak  of  Cancerous  in- 
filtration as  characteristic  of  most  tumours  of  the  land. 

The  question  of  the  Inoculation  of  cancer  is  one  which  naturally  suggests  itself, 
and  many  experiments  have  been  performed  both  on  man  and  animals  to  determine 
the  possibility  of  such  inoculation.  These  experiments  have  all  had  a  negative 
result.  It  is  not  uncommon,  however,  to  find  what  may  be  called  Auto-inoculation. 
Thus  a  cancer  of  the  posterior  wall  of  the  urinary  bladder  will  sometimes  extend  to 
a  point  on  the  anterior  wall  where  the  tumour  comes  in  contact  when  the  bladder 
is  empty. 
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The  growing  cancerous  processes  frequently  lead  to  much  irritation 
in  the  connective  tissue,  so  that  we  may  have,  in  cancer  of  the  lip,  for 
instance,  the  extremities  of  the  cancer  cylinders  buried  in  masses  of 
round  cells  (see  Fig.  90).    Sometimes  there  is  considerable  cicatricial 


Fig.  90. — From  an  epithelioma  of  the  skiu.  Cylinders  of  epithelium  penetrating 
deeply  and  causing  great  irritation,  as  shown  by  the  presence  of  abundant  round 
cells.    X  200. 


formation  apparently  induced  by  the  insinuating  cancerous  processes. 
On  the  other  hand  the  tumour  may  lead  to  little  irritation,  and  the 
cancer  with  its  characteristic  stroma  may  grow  amongst  the  normal 
tissues,  merely  acting  on  them  by  pressure. 

The  effect  on  neighbouring  structures  is  to  cause  atrophy  of  their 
proper  elements  by  pressure,  so  that  the  cancer  takes  the  place  of  the 
normal  tissue. 

If  the  cancer  originates  at  a  surface  or  in  its  growth  comes  to  present 
itself  there,  then  its  tissue,  being  less  resistant  than  the  normal 
tructures,  breaks  down  and  we  have  ulcers  forming.    Ulceration  is 
enerally  present  in  cancers  of  the  skin  and  mucous  membranes  and  in 
he  later  stages  of  glandular  cancers. 
Besides  this  local  malignancy  cancers  frequently  produce  tumours  at 
distance.    It  is  well  known  that  the  Secondary  tumours  mostly  occur 
the  lymphatic  glands.    This  may  be  explained  partly  by  the 
natomical  connection  already  mentioned,  and  partly  also  by  the  fact 
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that  the  growing  cancerous  processes  extending  in  the  direction  of  least 
resistance  will  readily  pass  into  the  spaces  in  the  tissues  which  are  the 
radicles  of  the  lymphatic  vessels. 

It  seems  not  improbable  on  the  other  hand  that  cancer  has  a  special  affinity  for 
lymphatics.  The  author  has  observed,  for  example,  in  cases  of  secondary  cancer  of 
the  lung,  that  although  brought  to  the  lung  by  the  i)ulmonary  artery  the  cancerous 
growth  has  been  chiefly  in  the  lymphatic  vessels,  to  begin  with.  In  one  such  case 
it  was  quite  common  to  find,  in  the  neighbourhood  of  the  i^ulmonary  artery,  the 
lymphatic  spaces  in  the  sheath  filled  out  with  cancerous  masses.  (See  imder 
Affections  of  the  Lungs.) 

The  cancer  forms  a  true  ne"vvformation  in  the  lymphatic  glands.  The 
tumour-formation  mostly  begins  at  the  peripheral  j)arts  of  the  gland, 
these  being  the  parts  to  which  the  afferent  vessels  are  distributed,  and 
here  the  characteristic  epithelial  structure  is  developed.  It  is  sometimes 
very  striking  in  the  earliest  periods  of  infection  of  the  glands  to  find 
layers  of  cancerous  tissue  at  the  periphery  enclosing  the  follicles  of 
lymphatic  tissue.  The  latter  tissue  undergoes  atrophy,  so  that  we  may 
have  only  here  and  there  groups  of  round  cells  representing  the  proper 
lymphatic  gland-tissue  in  the  midst  of  cancerous  tissue.  Finally  all 
trace  of  the  normal  tissue  disaj)pears. 

It  is  an  important  practical  question  whether  the  enlargement  of  lymphatic 
glands  in  connection  with  cancers  is  always  a  true  secondary  infection.  There  is  no 
doubt  that,  just  as  in  the  primary  tumour,  the  cancerous  growth  is  often  associated 
with  irritation,  sometimes  leading  to  cicatricial  conditions  of  the  gland  (especially 
in  colloid  cancer),  but  in  that  case  there  is  the  cancerous  infection  as  well.  In  the 
case  of  ulcerating  cancers,  on  the  other  hand,  irritating  products  of  decomposition 
may  be  carried  to  the  glands  and  give  rise  to  a  simple  non-cancerous  enlargement. 
Hence  enlargement  of  glands  is  of  less  significance  in  ulcerating  cancers  than 
in  those  which  are  not  ulcerated. 

The  cancerous  infection  may  for  a  time  remain  confined  to  the 
primary  seat  and  the  lymphatic  glands,  but  it  is  liable  to  extend  further 
aud  become  generalized.  This  occurs  by  the  material  of  infection 
reaching  the  blood  and  being  carried  by  it  to  distant  situations.  For 
the  most  part  this  metastasis  by  the  blood  only  occui's  after  the 
lymphatic  glands  have  been  for  some  time  affected,  and  the  infection 
takes  place  from  the  lymphatic  glands.  It  may  be  that  in  some  cases 
there  is  a  direct  extension  from  the  primary  tumour  to  the  blood. 

The  infection  may  occur  from  the  lymi^hatic  glands  after  the  complete  removal 
of  the  primary  tumour.  This  had  happened  in  a  case  observed  by  the  author  in 
which,  after  excision  of  an  epithelioma  of  the  vulva,  the  lymphatic  glands  in  the 
groin,  having  been  affected,  gave  rise  to  multiple  secondary  tumours  in  various 
organs. 

Having  reached  the  blood  the  infection  is  carried  throughout  the 
body,  and  Grafts  are  planted  in  various  organs.    If  the  lymphatic 
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glands  be  in  communication  with  the  systemic  veins  then  the  infection 
Avill  be  carried  to  the  lungs  and  on  into  the  systemic  arteries,  but  if 
they  be  in  connection  with  the  portal  circulation,  then  the  liver  will  be 
the  organ  to  which  they  will  be  conveyed.  This  secondary  (or  tertiary) 
infection  of  distant  organs  will  occur  by  Embolism,  portions  of  can- 
cerous tissue,  perhaps  only  young  cells,  will  be  planted  in  various 
organs. 

The  metastatic  growth  does  not  occur  so  readily  in  some  organs  as 
in  others.  It  is  commonly  said  that  the  situations  in  which  primary 
cancer  occurs  are  comparatively  seldom  alFected  secondarily.  Thus  the 
mamma,  uterus,  and  stomach  are  rarely  the  seat  of  secondary  tumours. 
On  the  other  hand  the  liver,  lungs,  Icidneys,  heart,  skin,  and  bones  are 
frequently  the  seat  of  such  tumours.  In  some  forms  of  cancer  secondary 
tumours  are  peculiarly  liable  to  form  in  the  Bone-marrow  in  various 
parts  of  the  skeleton.  The  brain  is  comparatively  seldom  affected 
either  with  primary  or  secondary  cancers.  Perhaps  of  all  organs  the 
Liver  is  most  liable  to  secondary  development  of  cancer.  As  it  receives 
blood  from  the  systemic  as  well  as  from  the  portal  circulation,  it  may 
be  infected  whatever  the  seat  of  the  primary  tumour. 

There  are  some  apparent  anomalies  in  the  distribution  of  cancers  to  Uver  and 
lungs  respectively.  Thus  a  cancer  of  the  lower  end  of  the  oesophagus  -will  often 
give  rise  to  secondary  tumours  in  the  liver,  while  cancer  of  the  stomach  may  give 
rise  to  tumours  in  the  lungs.  The  author  believes  that  this  depends  chiefly  on  the 
relations  of  the  lymphatic  glands  from  which  the  infection  of  the  blood  occurs.  In 
a  case  of  cancer  of  the  oesoi)hagus  observed  by  the  author,  he  found  that  extension 
had  occurred  first  to  the  lymphatic  glands  beneath  the  diaphragm  and  thence  to  the 
liver.  On  the  other  hand,  in  a  ease  in  which  primary  cancer  of  the  stomach  gave 
rise  to  tumours  in  the  lungs,  he  found  that  the  pre-vertebral  glands  were  affected 
and  that  extension  had  occurred  (as  evidenced  by  the  occurrence  of  thrombi)  to  the 
vena  cava. 

The  secondary  tumours  are  often  more  favourably  situated  for 
growth  than  the  primary  one.  They  may  be  better  supplied  with 
blood  and  less  exposed  to  mechanical  or  other  interference.  Hence, 
they  often  grow  to  much  larger  size  than  the  primary  one,  and  may 
show  the  structure  more  fully  develo^Ded.  Thus  the  liver  is  often  the 
seat  of  bulky  tumours,  while  the  primary  tumour  is  quite  insignificant. 

In  their  structure  the  secondary  tumours  imitate  the  primary  one 
even  in  the  finer  details.  This  applies  not  only  to  the  shape  and  size  of 
the  epithelial  cells,  but  to  the  abundance  and  arrangement  of  the  stroma, 
and  even  of  the  vessels  in  the  stroma.  If  the  stroma  be  abundant  and 
fibrous  in  the  primary  tumour,  it  will  show,  at  least  a  tendency  in  the 
same  direction  in  the  secondary  ones,  although  time  may  have  failed  to 
allow  of  the  full  manifestation  of  this. 


268 


TUMOURS. 


This  imitation  of  the  primary  growth  produces  very  remarkable  results,  when  one 
sees,  for  instance,  gland-like  tissue,  lined  with  cylindrical  cells,  growing  abundantly 
in  the  liver,  or  lung,  or  brain.  A  striking  illustration  of  this  mimicry  was  found  by 
the  author  in  a  case  where  a  cancer  of  the  stomach  showed  a  striking  tendency  to 
hremorrhage;  the  patient  actually  died  from  the  effects  of  a  large  htemorrhage. 
There  were  numerous  secondary  tumours  in  the  liver,  which  looked  almost  like 
masses  of  blood.  The  deUcate  character  of  the  vessels  had  been  repeated  in  the 
secondary  tumours,  and  bleeding  was  characteristic  of  them  as  well  as  of  the  primary 
growth.  Facts  Hke  these  render  it  very  difficult  to  believe  that  a  micro-organism 
has  anything  to  do  with  the  causation  of  cancer. 

Retrograde  changes  in  cancers.— The  cancerous  tissue  is  much  more 
prone  to  degenerations  and  secondary  changes  than  is  normal  tissue. 

Patty  degeneration  is  very  fre- 
quent. (See  Fig.  91.)  This  may, 
in  quickly  growing  tumours,  affect 
considerable  portions,  so  as  to  give 
rise  to  an  appearance  like  caseation. 


Fig.  PI.— Fatty  degeneration  of  cells  in  a 
cancer  of  the  mamma  ;  a,  slightly  affected ; 
b,  more  so ;  c,  completely  fatty— the  com- 
pound gj-anular  corpuscle,    x  350. 


In  more  chronic  cases,  the  fatty 
degeneration  aifects  more  the  in- 
dividual cells.  The  degenerated 
cells  are  readily  absorbed  and  this 
often  leads  to  a  relative  preponder- 
ance of  the  stroma.  Thus  cancers 
frequently  shrink  and  become  cica- 
tricial in  their  older  or  central  parts.  This  may  lead  to  dimpling  of  the 
surface  of  a  tumour,  as  we  often  see  in  cancers  of  the  liver,  producing 
the  so-called  TJmbilication.  Mucous  and  Colloid  degeneration  are  not 
infrequent  in  cancers.  They  occur  to  a  minor  degree  in  many  cancers  of 
the  intestine,  but  in  a  higher  degree  they  are  so  characteristic  as  to 
give  a  special  name  to  a  form  of  cancer.    (See  Colloid  Cancer.) 

Ulceration  is  a  regular  result  in  most  superficial  cancers.  As  a 
general  rule  the  cancerous  ulcer  is  bounded  by  a  prominent  border,  com- 
posed of  tissue  infiltrated  with  the  growing  tumour. 

The  local  nature  of  cancer.— From  what  has  been  stated  above,  it  aWII 
appear  that  cancer  begins  as  a  local  groMi^h  of  epithelium,  accompanied 
by  the  formation  of  a  connective-tissue  stroma  of  varying  complexity. 
It  is  in  many  cases  a  well-formed  but  atypical  tissue.  In  the  secondary 
extension  the  other  tumours  bear  a  definite  material  relation  to  the 
primary  one.  They  arise  by  the  implantation  of  grafts,  first,  as  a  rule, 
in  the  lymphatic  glands,  and  secondly,  it  may  be,  in  parts  further- 
removed.  As  the  primary  cancer  sends  offshoots  amongst  the  tissues, 
and  extends  outwards  to  the  lymphatic  glands,  it  must  usually  be 
difficult  to  determine  its  limits,  but  if  these  limits  can  be  determined. 
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and  tHo  whole  gro\7th  removed,  then  we  must  infer  that  the  disease  will 
be  eradicated.  It  is  exceedingly  rare  to  find  two  primary  cancers  in  the 
same  person.  In  the  great  majority  of  cases,  all  the  existing  tumours 
arc  direct  descendants  of  a  single  primary  growth. 

The  individual  forms  of  cancer. — Various  modes  of  classification  have 
been  adopted.  That  which  we  vise  here  is  not  entirely  satisfactory,  but 
it  is  useful  for  practical  purposes. 

1.  Flat-celled  epithelioma;  Epithelioma  proper. — In  English  works 
the  term  Epithelioma  is  chiefly  used  to  designate  cancers  of  the 


Fig.  92. —Flat-celled  epithelioma :  a,  isolated  cells  ;  b,  a  cylinder  with  many  laminated  cap- 
sules ;  c,  a  laminated  capsule  opened  out  so  as  to  .show  the  colls  composing  it.  (BiLLROTir.) 


utaneous  surface,  tongue,  and  oesophagus,  places  where  the  surface  is 
overed  with  fiat  epithelium.    Similar  tumours  occur  in  the  larynx, 
terus,  and  vagina,  and  urinary  bladder. "  It  is  possible  to  distinguish  a 
penetrating  or  infiltrating  form,  and  a  more  superficial  fiat  form.  This 
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latter  form  is  almost  equivalent  to  Rodent  ulcer  of  English  authors,  and 
Flache  Krebs  of  Thiersch  and  the  German  authors. 

The  common  Epithelioma  of  the  lip  is  the  most  familiar  example  of  the 
infiltrating  form.  In  it  cylindrical  processes  of  epidermis,  taking  origin 
in  the  surface  epithelium,  grow  downwards  into  the  true  skin,  infiltrating 
it,  and  destroying  its  connective  tissue.  These  processes,  as  they  grow, 
exercise  a  concentric  pressure  on  their  own  cells,  and  so  produce  closely- 
packed  rounded  globular  bodies,  composed  of  epidermic  cells,  wrapped 
round  each  other.  These  bodies,  variously  called  Epidermic  globes, 
Laminated  capsules,  etc.  (see  Fig.  92),  are  very  characteristic  of  this 
form  of  epithelioma.  The  cells  in  the  globes  are  usually  horny,  and  the 
consequent  bright  translucent  appearance,  as  well  as  the  shape,  attract 
the  eye  in  microscopic  sections.  In  some  parts  there  is,  along  with  the 
production  of  these  penetrating  processes,  a  formation  of  papiUse  on  the 
surface.  This  is  often  manifest  in  the  epitheliomas  of  the  scrotum  and 
■certain  other  parts  of  the  skin.  It  is  also  very  pronounced  in  some  of 
the  vagino-uterine  cancers,  forming  the  so-called  Cauliflower  cancers. 
In  the  urinary  bladder  there  is  frequently  such  a  marked  production  of 
•elongated  papillae  that  the  surface  is  quite  shaggy,  while  the  mucous 
membrane  beneath  is  infiltrated.  To  this  form  the  name  Villous  cancer 
is  often  given.  The  papillse',  like  those  of  the  simple  papilloma  of  the 
bladder,  are  liable  to  haemorrhage. 

All  these  epitheliomas  are  prone  to  ulceration,  and  frequently  present 
themselves  as  ulcers  with  infiltrated  walls. 


Rodent  ulcer  is  a  special  form 


of  epithelioma  which  occurs  in 
the  upper  part  of  the  face, 
and  more  rarely  in  other 
parts  of  the  body.  It  pre- 
sents itself  as  an  ulcer  "with 
overhanging  edges,  so  much 
overhanging  as  to  appear 
"rolled  over."  The  edge 
shows  the  epithelial  struc- 
tures in  the  form  of  peculiar 
small  epithelial  cells  ar- 
ranged in  well-defined 
groups  (see  Fig.  93).  These 
groups  of  cells  are  beneath 

Fig.  93.-Rodent  ulcer  of  face.  The  epithelial  masses  b  b  the  epidermis,  and  secm  tO 
(the  colls  sometimes  cylindrical)  arc  beneath  the  surface  ,  rnnnpction  PVPTl 

epidermis  («.).    Towards  the  left  a  hair  foUiele  (c).  uaVO   nO    Connection    e^  cn 

-with  the  malpighian  layer^ 
They  often  present  a  cylindrical  arrangement, 


as  Thin  has  pointed  out. 
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and  the  peripheral  cells  are  sometimes  columnar.  The  tumour  is  a 
superficial  one,  there  are  no  penetrating  cylinders,  no  laminated  capsules, 
and  no  tendency  to  invade  the  lymphatic  glands. 

The  name  Cholesteatoma  or  Pearl  tumour  has  been  given  to  a  form  which  is 
variously  regarded  as  an  epithelioma  or  a  cystic  tumour.  It  contains  bright,  glanc- 
ing, pearl-like  structures,  which  are  due  to  the  presence  of  eholestearine  and  fat. 
Besides  these,  there  are  flat  cells,  epithelial  in  character,  which  are  arranged  into 
rounded  bodies,  inside  which  the  eholestearine  is  contained.  These  tumours  are 
sometimes  surrounded  by  a  capsule  so  as  to  resemble  atheromatous  cysts.  They  are 
most  typically  seen  in  the  soft  membranes  and  substance  of  the  brain,  but  also  occur 
in  the  subcutaneous  tissue,  testicle,  ovary,  parotid,  and  ear.  (See  Virchow,  in  Virch. 
-Vi-ch.,  viii. ;  Eberth,  do.,  xlix. ;  Eppinger,  Prag.  Vierteljahrschr.,  1875;  Chiari, 
Cholesteatom  des  Eiickenmarks,  Prag.  med.  Wochenschr.,  1883;  Bristowe,  Path, 
trans.,  v.  24,  1854;  Price,  do.,  xxxviii.  24,  1887.) 

2.  Cylinder-celled  epithelioma. — This  is  a  tumour  of  parts  where 
cylindrical  epithelium  normally  covers  the  surface,  hence  chiefly  in  the 
stomach  and  intestine,  and  more  rarely  in  the  uterus. 

The  tumour  usually  takes  origin  in  the  mucous  membrane  or  its 
glands,  but  it  may  occur  also  in  the  brain  or  in  the  lungs.  The  tissue 
has  a  glandular  appearance,  forming  a  congeries  of  tubes  and  cavities, 
lined  "vvith  cylindrical  epithelium  (see  Fig.  94).  Sometimes  the  glandu- 
lar appearance  is  strictly  preserved,  but  frequently  the  spaces  enlarge, 


Fig.  94. — From  a  cylinder-celled  epithelioma  of  the  rectum. 


and  as  the  epithelial  cells  accumulate  they  lose  their  cylindrical 
form,  although  the  outer  layer  of  cells  next  the  stroma  may  still 
preserve  their  shape  (see  figure).     The  glandular  elements  are  con- 
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tained  in  a  well-formed  stroma,  which  is  new-formed  as  well  as  the 
epithelial  elements. 

In  growing,  the  tumour  inliltrates  neighbouring  parts,  insinuating 
itself  among  the  muscular  trabeculte  very  often,  and  extending  further. 
It  may  form  a  considerable  tumour,  projecting  from  the  surface,  and 
is  frequently  ulcerated,  as  it  occurs  mostly  in  situations  where  it  is 
exposed  to  friction. 

From  the  strildngly  glandular  character  of  these  tumours,  they  are 
included  by  some  writers  among  the  adenomas.  They  are  called  b}' 
these  writers  Malignant  adenoma  or  Adenocarcinoma.  As  they  are  so 
distinctly  atypical  in  their  mode  of  growth,  there  seems  no  reason  to 
separate  them  from  the  cancers. 

3.  Soft  cancers  or  Medullary  cancers  are  characterized  by  the 
existence  of  a  very  delicate  stroma  in  which  are  abundant  cells,  usuallj- 
of  small  size,  and  loosely  packed  in  the  alveoli  with  a  good  deal  of  fluid. 
They  occur  chiefly  on  mucous  membranes,  in  the  ovaries,  testicles, 
kidneys,  less  commonly  in  the  mamma.  Being  soft,  they  tend  to  bleed, 
and  if  originating  on  a  surface  or  coming  to  it  in  their  growth,  they 
may  undergo  ulceration.  Sometimes  the  softened,  ulcerating,  bleeding 
tissue  projects  in  a  very  striking  manner  from  a  surface,  forming  the 
Fungus  hseniatodes,  this  condition  also  occurring,  however,  in  soft  sar- 
comas (p.  256).  The  cut  surface  of  such  tumours  is  grey  in  colour,  and  a 
somewhat  fluid  juice  can  be  scraped  from  it.  In  this  juice  will  be  found 
cells  and  free  nuclei,  the  latter  large  and  mainly  oval  in  shape.  Many  of 
the  cells  contain  fat  granules,  and  there  may  be  some  in  an  advanced 
state  of  fatty  degeneration. 

Cancers  of  this  kind  sometimes  grow  to  a  considerable  size,  and  they 
are  often  of  very  rapid  growth.  They  are,  as  a  rule,  very  malignant ; 
the  young  cells,  being  loosely  attached,  readily  pass  away  and  lead  to 
metastasis. 

4.  Hard  cancer  or  Scirrhus  occurs  most  commonly  in  the  mamma, 
but  also  in  the  stomach,  the  testicles,  ovary,  pleura,  and  peritoneum. 
It  is  characterized  by  the  preponderance  of  connective  tissue  as  com- 
pared with  the  epithelial  structures. 

The  cancers  of  this  kind  have  usually  a  very  infiltrating  charactei-, 
the  epithelial  processes  penetrating  among  the  surrounding  structures, 
and  it  looks  as  if  these  processes,  by  their  irritation,  produced  an  exces- 
sive amount  of  connective  tissue.  This  view  is  borne  out  by  the  fact 
that  the  connective  tissue  is  not  usually  in  the  form  of  a  well-developed 
stroma  as  if  planned  to  support  the  epithelial  structures,  but  is  irregular 
and  even  impinges  on  and  destroys  the  cells.  The  cells  readily  undergo 
fatty  degeneration,  and  they  sometimes  to  a  large  extent  entirely  dis- 
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integrate,  the  stroma  assuming  the  upper  hand.  It  therefore  happens 
that  diiFerent  parts  of  such  tumours  have  often  very  different  structures. 
The  more  recent  parts  will  show  well-marked  epithelial  masses  with 
stroma  (Fig.  95),  while  in  the  older  parts  the  cells  have  almost  dis- 
appeared, and  there  is  nothing  but  dense  connective  tissue. 


Fig.  95.— From  a  scirrhus  of  mamma,  recent  part  showing  stroma  and  epithelial  cells,    x  350. 


As  scirrhus  occurs  more  as  an  infiltration  than  a  distinct  tumour, 
the  hardening  and  contraction  of  the  connective  tissue  causes  the  organ 
in  which  it  grows  to  be  sometimes  contracted  rather  than  enlarged.  It 
is  frequently  so  in  scirrhus  of  the  mamma  and  of  the  stomach,  its  two 
most  frequent  seats.  On  cutting  into  the  organ  the  tissue  is  felt  to  be 
dense  and  elastic.  The  cut  surface  is  greyish  and  transjiarent,  with 
opaque  yellow  markings  indicating  the  existence  of  fatty  degeneration 
m  the  cells.  The  juice  to  be  obtained  from  the  cut  surface  is  scarce, 
and  under  the  microscope  it  is  seen  to  contain  cells,  often  of  largo 
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size,  and  free  nuclei  (see  Fig.  96).  The  cells  vary  greatly  in  size  and 
shape,  and  they  often  contain  two  nuclei,  or  even  a  fully  formed  cell 
inside  (mother  and  daughter  cells). 

These  cancers  are  less  malignant  than  the  soft  cancers,  but  they  pro- 
duce somewhat  readily  se- 
condary tumours  in  lym- 
phatic glands. 

Between  the  hard  and 
soft  cancers  there  are  cases 
presenting  all  shades  of  gra- 
dation ;  so  that  it  might  be 
possible  to  form  a  group  of 
simple  or  normal  cancers. 
These  have  mostly  a  well- 
developed  stroma  with  mod- 
erately sized  cells  which  lie  in 
the  stroma  in  considerable  spaces.  The  mamma  presents  these 
varieties,  and  they  will  be  again  referred  to  in  the  section  devoted  to 
the  diseases  of  that  organ. 

6.  Colloid  or  Alveolar  cancer  is  a  tumour  characterized  by  the  occur- 


Fig.  97.— Colloid  cancer.  A  finely  reticulated  stroma  is  seen  with  meshes  full  of 
colloid  material,  the  cells  having  disappeared,    x  !)0. 


rence  of  colloid  degeneration  of  epithelial  cells.  It  is  met  with  chiefly 
in  the  stomach  and  intestines,  and  in  the  mamma,  more  rarely  else- 
where. 


Fig.  96.— Cells  from  a  cancer  of  the  mamma.  Most 
of  them  contain  several  nuclei,  and  some  daughter 
cells.    X  200. 
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There  is  here  a  definite  newformation  both  of  stroma  and  epithelial 
masses,  and  the  stroma  is  often  jiroduced  in  the  most  beautiful  and 
characteristic  forms  (see  Fig.  97).  As  if  it  were  in  the  plan  of  the 
grovvth,  the  cells  regularly  undergo  colloid  degeneration,  and  finally  the 
masses  of  cells  become  converted  into  masses  of  colloid  material  which 
fill  the  spaces.  In  the  bulk  of  the  tumour  therefore  there  may  be 
nothing  visible  beyond  the  regularly  formed  stroma  whose  spaces  are 
filled  with  clear  transparent  material.  Occasionally  there  may  be  in 
the  centres  of  the  alveoli  some  remains  of  the  cells  visible,  while  the 
peripheral  cells  are  already  completely  converted. 

To  the  naked  eye  such  tumours  have  a  markedly  gelatinous  ap- 
pearance, and  as  the  fibrous  stroma  may  in  its  coarser  meshes  be 
visible  without  the  microscope,  it  may,  even  to  the  naked  eye,  look 
as  if  there  were  nothing  but  alveoli  filled  with  gelatinous  material, 
hence  the  name  alveolar  cancer.  The  tissue  is  frequently  dense  and 
hard  to  the  feel.  This  arises  apparently  from  the  fact  that  the  alveoli 
are  tensely  packed  with  the  colloid  material,  and,  the  fibres  being  on 
the  stretch,  a  dense  resistance  is  ofi"ered,  just  as  a  tightly  blown  up 
bladder  is  hard. 

These  tumoiu-s  mostly  occur  as  infiltrations,  frequently  penetrating 
among  the  constituents  of  the  tissues,  and  although  they  very  often  ex- 
tend widely  by  continuity  (as  in  the  stomach),  they  show  little  tendency 
to  metastasis ;  even  when  they  attack  the  lymphatic  glands  secondarily 
they  do  not  usually  produce  large  tumours. 

6.  Melanotic  cancer  is  a  rare  form  of  tumour  compared  with  the 
melanotic  sarcoma.  It  occurs  primarily  in  similar  situations,  namely 
the  skin  and  eyeball.  It  is  really  a  soft  cancer  in  which  pigment 
is  present  in  the  cells  and  also  sometimes  in  the  stroma.  It  is 
usually  a  very  malignant  tumour,  producing  secondary  growths  by 
metastasis. 

7.  Mucous  cancer  includes  tumours  in  which  the  stroma  of  the 
cancer  assumes  the  characters  of  mucous  tissue.  The  cells  of  the 
cancer  may  undergo  a  similar  degeneration.  The  tumour  as  a, whole 
IS  very  gelatinous  in  appearance,  and  resembles  the  colloid  cancer. 
These  tumours  are  of  rare  occurrence,  being  met  with  in  similar 
situations  to  colloid  cancer,  but  attaining  the  highest  development 
in  the  ovary. 

8.  Endothelioma  is  a  name  sometimes  applied  to  cancers  arising 
from  the  endothelium  of  serous  membranes  and  elsewhere.  (See 
above,  p.  260.)  Cancers  of  the  pleura  and  peritoneum  belong  to 
this  class.  They  will  be  described  in  connection  with  tumours  of 
their  owi;  locality. 
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SECTION  X. 

VEGETABLE  PAEASITES. 

A.  Bacteriology.— I.  General  Considerations.  Definition  and  classification, 
structure  and  mode  ofcjroivth  of  microbes;  cell,  cell-membrane,  spores;  methods 
of  detection.  Conditions  of  life,  as  to  temjjerature,  oxygen,  etc.  Action  of  dis- 
infectants. Products  of  bacteria.  Distribution,  Cultivation,  Polymorphism. 
II.  Bacteria  in  relation  to  Disease— 1.  Saprophytes  prodicce  ptomaines ; 
origin  of  wound-fever,  etc.  ;  2.  Pathogenic  forms  produce  local  infection  or  may 
enter  blood;  lead  to  necrosis  and  infiammation;  products  may  enter  blood,  or 
themselves.  III.  The  Individual  Forms— ^.  Some- .laprophy tic  fo7-ms ;  B. 
pathogenic  forms— \.  Micrococci,  2.  Bacilli  and  spirilla,  3.  Bacteria  of  specific 
newformations,  4.  Some  forms  in  animals.  IV.  Disposal  of  Bacteria  ;  Im- 
MUNiTV- ;  natural  and  acquired;  vaccination;  causes  of  immunity ;  Phagocytes. 

B.  Parasitic  Fungi.— I.  The  Yeasts.  II.  Filamentous  Fungi— 1.  Sapro- 
phytes and  occasional  parasites;  2.  Pathogenic  fungi. 

A.— Bacteriology.  Microbiology. 

rjlHE  relation  of  minute  vegetable  organisms  to  disease  has  of  late 
years  assumed  a  high  degree  of  importance,  so  much  so  that  a 
special  science  has  been  created  with  its  chairs  and  laboratories,  and  a 
literature  which  has  already  reached  very  large  dimensions. 

The  minute  organisms  have  received  the  names  of  Bacteria  or 
Microbes,  these  terms  being  used  in  a  general  sense  to  include  the  whole 
group.  The  department  of  pathology  which  deals  with  them  is  desig- 
nated Bacteriology  or  Microbiology.  The  reader  is  referred  to  special 
works  on  the  subject  for  the  details  of  methods  of  investigation,  we  are 
ere  chiefly  concerned  with  the  relation  of  the  microbes  to  disease. 

I—GENERAL  CONSIDERATIONS. 

^Definition  and  classification.— The  bacteria  are  the  lowest  forms 
organic  life.     They  consist  of  minute  round,  oval,  or  cylindrical 
s,  so  small  that  they  require  high  powers  of  the  microscope  for  their 
etection.    Like  the  fungi,  they  are,  except  in  one  or  two  doubtful 
ses,  devoid  of  chlorophyll,  and  like  them  are  incapal^le  of  evolving 
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their  structure  from  inorganic  matter.  But  they  are  even  loM'er  than 
the  fungi,  as  they  miiltiply  almost  entirely  by  division.  It  is  from  this 
that  the  name  Schizomycetes  is  derived,  a  name  equivalent  in  its  mean- 
ing to  Fission-fungi.  There  is  an  ajiproach  to  re^jroductive  organs  onlj'^ 
in  a  few  forms  in  which  spores  are  produced  under  certain  conditions, 
but  even  in  them  the  multiplication  is  mainly  by  fission. 

It  is  not  possible  at  present  to  make  a  proper  scientific  classification 
of  the  microbes.  The  working  out  of  that  may  be  left  to  the  botanists. 
For  our  purposes  the  classification  of  Cohn  is  sufficient.  He  distin- 
guished them  according  to  their  external  form,  into  the  globular,  the 
short  rods,  the  longer  rods,  and  the  spiral  forms.  The  rod-shajjed  ones 
may  be  taken  together,  so  that  we  have  three  forms,  the  globular  or 
oval  (cocci,  micrococci),  the  rod-shaped  (bacilli),  and  the  spiral  (spirilla). 

Structure  and  mode  of  growth. — The  bacterium,  of  whatever  form, 
is  a  cell,  consisting  of  cell-contents  and  membrane,  but  without  a 
nucleus.  The  Cell-contents  consist  of  an  albuminous  substance,  which 
in  its  reaction  to  staining  agents  closely  resembles  the  nuclei  of  ordinary 
animal  and  vegeta,ble  cells.  This  is  more  particularly  the  case  with  the 
aniline  dyes,  which  the  bacteria,  as  well  as  the  nuclei  of  cells,  usually 
absorb  greedily,  but  the  bacteria,  in  many  cases,  retain  the  colour  more 
firmly  than  the  nuclei,  some  of  them  even  in  the  presence  of  acids.  The 
contents  sometimes  present  granules  of  starch,  and  in  one  form,  of 
sulphur.  The  Cell-membrane  is  composed  of  a  substance  allied  to 
cellulose.  It  is  difficult  to  demonstrate,  but  by  the  use  of  iodine  the 
contents  may  be  made  to  shrink  so  as  to  display  the  membrane,  which 
may  be  now  stained  of  a  different  colour  (Crookshank).  The  cell- 
membrane  sometimes  in  its  outer  parts  swells  up  or  otherwise  produces 
a  Gelatinous  envelope,  which  forms  a  cement  between  the  indi-\adual 
bacteria,  uniting  them  in  various  numbers.  Some  bacteria  are  possessed 
of  a  Flagellum  or  lash,  by  the  active  movement  of  which  they  move 
about.  As  the  bacteria  themselves  are  verj^  small,  and  the  flagellum  is 
much  narrower,  the  latter  is  very  difficult  of  observation,  but  it  may  be 
rendered  visible  by  staining  Avith  logwood  or  aniline  dyes. 

The  bacteria  multiply,  as  already  mentioned,  by  fission,  and  they  do 
so,  under  favourable  circumstances,  with  enormous  rapidity,  so  that,  as 
has  been  calculated,  a  single  individual  will  multipl}^  a  million-fold  in 
twenty-four  hours.  In  multiplying,  the  individual  members  may  remain 
for  a  time  united,  and  so  give  rise  to  specific  appearances.  Thus  some 
of  the  cocci  divide  in  succession  in  the  same  direction,  and  often  appear:- 
first  in  twos,  diplococcus,  or  elongated  into  chains.  The  bacilli  also 
frequently  form  chains.  The  gelatinous  envelope  again  may  unite  them 
into  large  groups  or  colonics,  to  which  the  name  Zooglcea  is  given.  The 
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zoogloea  thus  formed  sometimes  form  membranous  aggregations,  such  as 
we  so  often  see  as  a  scum  on  the  surface  of  decomposing  fluids.  Seen 
thus  in  the  mass  in  zoogloea,  the  bacteria  give  under  the  microscope  a 
characteristic  brownish  clouded  appearance,  as  shown  in  Fig.  98. 


Fig.  9S. — Swaa-ms  of  bacteria  growing  in  a  nutritive  material,    x  90. 


Some  bacteria  produce  Spores,  and  it  is  this  faculty  to  which  botanists 
pay  special  attention,  with  a  view  to  classification.  Two  forms  of  spore- 
formation  are  described.  In  the  one  the  spores  form  inside  the  bacteria, 
in  which  they  are  diflFerentiated  as  round  or  oval  bodies.  These  are 
called  Endospores.  In  the  other  form,  individual  members  of  a  group 
of  cocci  become  larger  and  more  prominent,  having  greater  refractive 
power  on  light,  and  so  assume  the  character  of  spores,  while  the  remain- 
ing individuals  undergo  no  such  change.  These  are  called  Arthrospores. 
In  whatever  way  produced  the  spore  has  a  thick  membrane  and  is  much 
more  resistant  than  the  ordinary  cell.  The  spores  are  more  difficult  to 
stain  than  the  rest  of  the  cell,  but  when  stained  they  retain  the  colour 
more  firmly.  This  fact  may  be  made  use  of  to  eff'ect  a  double-staining, 
the  spores  one  colour  and  the  rest  of  the  bacterium  another.  They  are 
stained  brown  with  osmic  acid,  from  which  it  has  been  inferred  that 
they  contain  some  form  of  fat.  Bacteria  sometimes  present  an  appear- 
ance resembling  endospores,  but  not  truly  of  that  character.  The  beads, 
so  characteristic  of  the  tubercle-bacillus  for  instance,  are  not  universally 
regarded  as  spores,  although  by  some  viewed  in  that  way.  The  great 
majority  of  bacteria  show  no  spore-formation  of  any  sort,  and  oven  those 
which  bear  spores  do  so  only  under  special  circumstances. 

Methods  of  detection. — It  will  be  obvious  that  these  minute  organisms  are  often 
very  difficult  of  detection,  especially  when  they  are  mixed  up  with  other  structures 
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or  lie  in  the  midst  of  the  tissues.  When  they  are  in  colonies  their  opaque  clouded 
appearance  and  their  frequent  brown  colour  make  them  often  very  prominent 
objects.  But  when  more  isolated,  and  even  when  in  sparsely  distributed  colonies,  it 
may  be  difficult  to  distinguish  them  from  the  mere  granular  debris  of  the  tissues. 
In  order  to  render  them  more  easy  of  detection,  various  methods  have  been  devised. 
The  simplest  is  that  originally  suggested  by  Eecklinghausen,  which  is  based  on  the 
fact  that  these  organisms  present  a  much  greater  resistance  to  alkalies  and  acids 
than  the  animal  tissues  do.  The  addition  of  solution  of  caustic  potash  to  an  animal 
tissue  renders  it  transparent  and  obscures  the  structure.  If  bacteria  be  present,  they 
will  be  rendered  more  prominent  than  before.  Dilute  acetic  acid,  which  as  we  know 
clears  up  the  connective  tissue  especially,  may  be  used  in  a  similar  way.  This  often 
succeeds  in  bringing  into  prominence  the  zoogloea  of  bacteria,  but  is  not  of  much  use 
in  detecting  isolated  ones. 

Much  advance  has  been  made  by  the  introduction  of  improved  methods  of  staining 
bacteria,  devised  by  Weigert  and  Koch.  Bacteria  absorb  readily  several  kinds  of  dis- 
solved pigments,  but  they  show  a  peculiar  tendency  to  become  coloured  with  aniline 
dyes.  Many  such  dyes  have  been  used,  but  the  most  suitable  seem  to  be  methylviolet, 
gentianviolet,  fuchsine,  and  methylblue. 

Most  bacteria  stain  readily  with  watery  solutions  of  these  dyes,  but  various  methods 
have  been  devised  either  to  render  the  stained  bacteria  more  prominent,  or  to  stain 
certain  forms  which  are  refractory  to  the  ordinary  dyes.  One  of  the  most  useful  of 
these  is  Gram's  method,  by  means  of  which  the  bacteria  are  stained  blue,  while  any 
other  structures  can  receive  a  contrast  stain  of  red  or  brown.  There  are  also  the 
special  methods  for  the  tubercular,  syphilitic,  typhoid,  and  other  forms,  in  which 
also  a  double  or  contrast  staining  is  aimed  at. 

In  staining  bacteria  contained  in  fluids  the  co-called  Cover-glass  method  is  most 
convenient.  A  thin  layer  is  spread  on  a  cover-glass,  and  dried  so  as  to  form 
a  thin  film.  If  the  fluid  contains  albumen,  the  flbn  should  be  fixed  by  passing 
it  three  or  four  times  slowly  through  the  flame  of  a  lamp,  taking  care  not  to  scorch 
it.  The  film  may  now  be  stained  by  any  of  the  methods  referred  to  above,  and  then, 
after  drying,  mounted  in  Canada  balsam.  Sections  of  tissues  are  sometimes  dyed 
and  stained  in  a  similar  fashion,  but  as  a  rule  they  require  to  be  kept  moist.  After 
removal  from  the  staining  fluid  they  are  iDlaced  in  alcohol,  then  in  oil  of  cloves,  or 
other  clearing  agent,  and  mounted  in  Canada  balsam. 

In  all  microscopic  examinations  for  bacteria  it  is  necessary  to  use  an  illuminating 
apparatus  similar  to  that  known  as  Abbe's  condenser.  This  piece  of  apparatus  has 
the  effect  that  all  coloured  objects  are  rendered  visible,  but  all  uncoloured  details  are 
obscured.  The  bacteria,  when  stained  with  aniUne  dyes,  are  thus  rendered  very 
promiaent. 

The  special  methods  will  be  found  described  in  detail  in  works  on  Practical 
Pathology  and  on  Bacteriology. 

Conditions  of  life. — The  bacteria  require  for  their  formation  and 
growth  the  presence  of  organic  matter.  They  differ  from  most  plants 
in  respect  that  they  are  unable,  on  account  of  the  absence  of  chlorophyll, 
to  eliminate  their  carbon  from  pure  carbonic  acid,  and  hence  they  de- 
rive it  from  higher  compounds.  The  nitrogen  may  be  similarly  derived, 
but  it  may  also  be  obtained  from  inorganic  bodies,  nitrates  and 
ammonia  salts.    The  bacteria  grow  best  in  a  medium  of  an  alkaline,  or 
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3it  least  neutral,  reaction,  in  this  respect  contrasting  with  the  fungi 
which  grow  vigorously  in  the  presence  of  acids. 

Temperature  exercises  considerable  influence  on  most  bacteria. 
Many  of  them  grow  best  at  the  temperature  of  the  blood,  and  some 
of  them  are  only  active  at  that  temperature,  but  most  of  them  grow 
readily  at  the  ordinary  temj^erature  of  the  air. 

As  a  general  rule  when  the  temperature  falls  to  5°  C.  (41°  F.)  their  growth  and 
multiplication  cease,  but  they  are  not  killed  even  by  extreme  degrees  of  cold.  Thus 
Pietet  and  Young  exposed  several  forms  of  bacteria  to  a  temperature  of  -  70°  C. 
(  -  94°  F.)  for  109  hours  and  then  to  that  of  -  130°  C.  ( -  202°  P.)  for  20  hours,  and 
found  that  many  of  them  retained  their  vitality.  This  was  the  case  with  the 
anthrax  bacillus  which  produced  its  effects  when  injected  into  animals  after  this 
■exposm-e.  Coleman  and  M'Kendrick  exposed  putrescible  fluids  to  a  temperature  of 
-  83°  C.  for  100  hours,  and  found  that  the  bacteria  were  not  killed. 

Bacteria  have  less  power  of  resisting  high  temperatures.  Activity  is  suspended 
usually  at  a  temperature  of  45°  C.  (113°  F.),  and  a  prolonged  exposure  at  a  temper- 
ature of  50°  to  60°  C.  sufSces  to  kill  most  bacteria.  Hence  boihng  generally  suffices 
to  destroy  the  vitaMty  of  bacteria.  The  spores  are  more  resistant  than  the  bacteria 
themselves,  and  some  of  them  resist  boiUng  unless  it  be  prolonged.  According  to 
Pasteur,  there  are  some  spores  which  can  withstand  a  temperature  of  130°  C. 

Water  is  necessary  to  the  growth  of  bacteria.  The  ordinary  cells 
die  when  dried,  but  the  spores  survive  and  some  of  them  may  be 
preserved  for  years  in  the  dry  state. 

Oxygen  or  atmospheric  air  is  necessary  for  the  growth  of  many 
bacteria,  but  for  some  the  exclusion  of  air  is  a  necessary  condition.  To 
the  former  Pasteur  has  applied  the  term  Aerobic,  and  to  the  latter 
Anaerobic.  There  are  very  few  which  do  not  require  at  least  a  certain 
supply  of  oxygen,  which  they  may  derive  from  its  presence  in  ordinary 
water. 

Certain  substances  inhibit  or  destroy  bacteria.  It  is  not  to  be 
inferred  that  because  an  agent  destroys  one  form  that  it  will  destroy 
all  bacteria,  for,  as  a  matter  of  fact,  the  same  agent  will  have  very 
■different  effects  on  different  forms.  It  is  to  be  noted  also  that  a,n  agent 
may  inhibit  the  growth  of  bacteria  without  destroying  them.  Carbolic 
acid,  for  example,  stops  the  growth  of  many  forms,  but  it  may  do  so 
when  too  dilute  to  kill  them.  For  surgical  purposes  it  is  often 
sufficient  to  inhibit  the  growth,  although  it  is  not  surprising  that  even 
under  carbolic  acid  dressings  there  may  be  a  growth  of  bacteria  when 
the  agent  has  become  greatly  diluted. 

Koch  tested  a  series  of  Disinfectants  as  to  their  power  of  destroying  the  vitality  of 
the  anthrax  bacillus  and  its  spores,  as  well  as  of  other  forms  of  bacteria.  Carbolic 
■acid  in  a  one  per  cent,  solution  destroyed  the  vitality  of  bacilli  in  two  minutes,  whereas 
the  spores  required  exposure  to  a  five  per  cent,  solution  for  more  than  twenty-four 
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hours.  A  much  more  dilute  solution,  when  present  in  a  nutrient  medium,  inhibits 
the  growth  even  of  spores.  The  most  active  known  agents  are  the  salts  of  mercury, 
which  in  very  dilute  solutions  kill  even  the  spores  of  anthrax.  A  watery  solution  of 
chloride,  nitrate,  or  sulphate  of  mercury  1 : 1000  destroyed  the  spores  in  ten  minutes. 
Solutions  of  chloride  of  mercury  in  even  greater  degrees  of  dilution  destroyed  these 
spores.    (See  Koch  On  Disinfection,  in  Selected  Essays,  New  Syd.  Soc,  1886.) 

Products  of  Bacteria. — In  their  growtli  bacteria  are  engaged  for  the 
most  part  in  splitting  up  organic  compounds,  and  in  building  up  others. 
In  this  process  they  frequently  eliminate  chemical  principles  of  greater 
or  lesser  complexity.  In  the  souring  of  milk,  for  instance,  the  bacterium 
lactis  changes  milk  sugar  into  lactic  acid.  Then  in  ordinary  putrefactive 
processes  the  albuminous  principles  are  decomposed,  while  various 
principles  are  produced,  some  of  them  alkaloids,  and  some  gases,  which 
present  peculiar  disagreeable  odours.  There  are  some  which  produce 
pigments;  the  micrococcus  prodigiosus,  for  example,  is  characterized 
by  the  brilliant  red  appearance  which  it  presents  when  growing  in 
masses.  Other  bacteria  produce  bhie,  black,  and  yellow  pigments. 
These  pigments  are,  as  it  were,  secretions  of  the  bacteria,  and  in  many 
cases,  at  least,  the  pigment  is  not  in  the  substance  of  the  bacteria  but 
lies  between  them.  It  is  now  generally  acknowledged  that  decomposi- 
tions of  organic  matter  and  fermentations  are  the  result  of  the  action  of 
bacteria,  and  it  is  recognized  that  each  form  of  bacterium,  when  under 
similar  conditions,  produces  the  same  chemical  results.  Certain  of  the 
alkaloids  eliminated  are  called  Ptomaines  (see  p.  285). 

Distribution. — Bacteria  are  present  almost  everywhere  in  nature, 
but  they  are  specially  abundant  where  water  and  decomposable  organic 
matter  concur.  They  are  present  in  water, — even  the  purest  waters 
contain  them  in  considerable  abundance.  They  exist  in  the  air  pro- 
vided it  contains  watery  vapour.  If  the  air  is  dry  then  spores  will  be 
present  rather  than  the  bacteria  themselves.  In  the  earth  they  are 
jjresent,  but,  as  they  are  here  liable  to  drying,  it  is  often  chiefly 
spores  which  are  present.  There  are  not  many  below  the  level  of 
three  feet  from  the  surface.  They  are  present  abundantly  on  the 
human  body ;  on  the  skin  wherever  there  is  dirt,  and  on  the  mucous 
membranes. 

Cultivation. — The  greatest  advances  in  our  knowledge  of  bacteria 
have  been  made  by  their  artificial  cvdtivation.  Following  the  example 
of  Koch  the  bacteria  are  now  cultivated  not  only  in  fluids,  but  on  solid 
media,  where  they  can  be  kept  much  more  free  from  contamination  and 
may  be  more  completely  observed  in  their  growth.  The  cultivation 
takes  place  on  the  surface  of  nxitrient  substances,  of  which  the  chief  are 
potatoes  and  meat-juice.    Fluid  media  are  rendered  solid  by  the  addi- 
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tion  of  gelatine  or  agar-agar.  As  the  latter  substance  does  not  melt  at 
the  temperature  of  the  body,  it  is  exceedingly  useful  in  cultures  which 
require  a  higher  temperature  than  that  of  the  ordinary  air. 

Pure  cultivations  are  made  by  first  sterilizing  the  medium  and 
inoculating  afterwards,  taking  great  precautions  against  contamination. 
It  is  possible  to  propagate  many  individual  forms  through  successive 
generations  and  on  different  media,  so  as  to  observe  their  habits.  The 
growing  and  multiplying  bacteria  are  visible  on  the  surface  of  the 
medium,  and  the  individual  forms  present,  as  a  rule,  variations  in  mode 
of  gro^vth,  coloiir,  and  otherwise,  sufficient  to  enable  a  practised  eye  to 
discriminate  the  form  which  is  under  observation.  In  their  growth  in 
media  which  have  been  stiffened  with  gelatine,  they  often  produce 
liquefaction.  "\^Tien  one  sees  the  visible  characteristic  layers  of  bacteria 
on  the  surface  of  potato  or  other  medium  one  has  a  vivid  conception 
of  the  reality  of  these  forms  which  individually  are  mere  microscopic- 
objects. 

The  methods  of  cultivation  will  be  found  in  text-books  of  Bacteriology,  such  as. 
Klein's  and  Crookshank's.  It  may  be  noted  here  that  by  an  ingenious  application 
of  Koch's  gelatine  method  a  quantitative  estimate  can  be  formed  of  the  number  of 
bacteria  in  a  given  amount  of  air,  earth,  or  water.  This  is  done  chiefly  by  means- 
of  so-caUed  Plate  cultivations.  The  gelatine  solution  is  heated  gently  so  as  to  melt 
it,  mixed  with  a  determined  quantity  of  the  substance  to  be  estimated,  and  then 
poured,  in  a  thin  layer,  on  a  glass  plate,  where  it  solidifies.  The  bacteria  present 
develop  and  form  centres  of  growth  which  can  be  counted  and  so  give  an  approxi- 
mate estimate  of  the  numbers  in  a  given  quantity  of  material.  It  has  been  esti- 
mated, for  example,  that  in  the  water  of  the  Eiver  Clyde  at  Glasgow  there  are  l,60a 
bacteria  in  every  drop,  while  even  in  Loch  Katrine  water,  which  is  exceedingly  pure, 
there  is  about  one  in  every  drop  (Maylard). 

Polymorphism. — An  important  question  has  been  raised  as  to 
whether  the  bacteria  always  retain  their  forms,  and  accordingly  whether 
the  genera  can  be  formed  on  the  basis  of  their  outward  configuration. 
It  has  been  asserted  that  under  varying  circumstances  not  only  the 
form  but  the  physiological  characters  may  vary.  It  is  true  that  accord- 
ing to  the  stage  of  development,  and  the  conditions  of  nutrition,  the 
individual  forms  do  undergo  certain  variations  in  size  and  shape.  This- 
i.s,  to  a  certain  extent,  true  of  all  living  things.  But  it  is  also  true  that 
when  the  more  perfect  modern  methods  of  cultivation  are  used,  the 
identity  of  the  different  forms  can  be  absolutely  secured,  and  that  in 
such  case  they  have  a  definite  configuration  which  is  the  constant 
expression  of  their  complete  state  of  development.  As  in  the  case  of 
higher  plants  we  can  here  recognize  indications  of  genera  and  species, 
although  the  objects  are  too  miinite  and  the  science  too  recent  to  permit 
of  a  permanent  classification. 
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The  alleged  cases  of  alteration  of  form  and  characters  arise  largely  from  imper- 
fections in  the  observations.  It  may  be  acknowledged,  however,  that  in  the  case  of 
some  of  the  bacteria  a  very  strong  case  has  been  made  out  for  polymorphism.  In 
the  construction  of  genera  and  species  here  as  in  higher  plants,  attention  will  be 
paid  to  the  whole  life-history  of  the  bacteria  and  not  merely  to  their  outward  form. 
We  are  still  far  from  a  complete  system  on  such  a  basis. 

11.— BACTEEIA  IN  EELATION  TO  DISEASE. 

It  will  be  readily  understood  that  the  great  majority  of  bacteria 
present  no  relation  whatever  to  disease ;  they  have  their  various  func- 
tions in  the  economy  of  nature,  and  may  never  come  into  relation  with 
the  living  body  of  an  animal.  In  this  connection  bacteria  are  divisible 
into  three  groups,  those  which  feed  only  on  dead  animal  or  vegetable 
matter,  and  which  are  called  Saprophytes  (o-aTrpo?  =  putrid),  those  which 
feed  only  on  the  living  body  of  higher  organisms  or  Obligate  parasites, 
and  those  which  may  live  on  either  the  one  or  the  other  and  which  may 
be  called,  according  as  they  are  viewed  in  one  aspect  or  the  other, 
Facultative  parasites  or  Facultative  saprophytes. 

Another,  and,  for  our  pui-poses,  perhaps  a  more  suitable  division  of 
bacteria  is  according  as  they  produce  disease  or  not.  Bacteria  may 
exist  in  the  living  body,  and  live  on  its  secretions  or  excretions  and  yet 
do  no  harm.  Those  which  propagate  in  the  living  tissues  and  lead  to 
definite  morbid  processes,  such  as  inflammations  and  fevers,  are  called 
Pathogenic,  while  those  which  live  simply  on  the  excreta  of  the  body  are 
Non-pathogenic  or  Saprophytic. 

As  a  general  rule  bacteria  will  produce  disease  only  when  they  pene- 
trate into  the  tissues  of  the  living  body,  but  it  is  not  to  be  supposed 
that  it  is  by  their  mere  presence  that  they  produce  their  efiects.  They 
are  in  themselves  small  particles  of  matter,  often  very  insignificant  in 
relation  to  the  mass  of  the  tissue.  Nor  is  it  by  using  up  the  material 
required  by  the  tissues  that  they  do  harm.  In  a  few  cases,  such  as  that 
of  the  anthrax  bacillus,  they  may  be  present  in  enormous  numbers  in 
the  blood,  and  it  has  been  supposed  that  they  do  harm  by  using  up, 
perhaps,  the  oxygen  of  the  blood,  or  blocking  the  capillaries  of  the 
lungs  so  that  respiration  is  impeded.  But  if  at  all  true  this  view  is 
only  partial.  Bacteria  produce  their  eff'ects  essentially  by  the  products 
which  they  evolve,  and  the  effects  vary  according  to  the  kind  of 
bacteria  and  the  nature  of  the  products. 

1.  Saprophytic  bacteria  may  lead  to  symptoms  of  disease  if  their 
products  are  absorbed  by  the  living  body.  In  the  jDrocess  of  pxitrefac- 
tion  in  dead  animal  matter  certain  alkaloids  are  formed,  which  have 
been  placed  under  the  general  designation  of  Ptomaines.   The  result  of 
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the  absorption  or  injection  of  these  products  into  the  living  animal  is  a 
group  of  symptoms,  which  may  be  included  in  the  term  Putrid  or 
Septic  poisoning-,  the  principal  being  hectic  fever  and  diarrhoea.  Such 
symptoms  are  producible  in  animals  by  the  injection  of  such  products 
even  after  the  destruction  of  all  living  bacteria  by  boiling  and  filtering. 

No  doubt  the  so-called  Ptomaines  include  many  diii'erent  alkaloids,  some  of  which 
have  been  at  least  partially  isolated.  Panum  isolated  a  virulent  poison  which  was 
soluble  in  water  but  not  in  alcohol  which  he  called  the  Putrid  poison.  Bergmann 
and  Schmiedeberg  isolated  a  crystalline  substance  which  they  called  Sepsin,  and 
several  other  crystalline  alkaloids  have  been  obtained,  especially  by  Brieger. 
Amongst  the  latter  may  be  mentioned  Neurine,  an  alkaloid  obtained  from  decompos- 
ing muscle.  It  possesses  properties  similar  to  those  of  muscarine,  a  poison  obtained 
from  some  fungi,  and  peculiarly  fatal  to  flies.  Poisonous  products  evolved  by  the 
decomposition  of  animal  foods  sometimes  lead  to  serious  and  even  fatal  results. 
There  are  not  a  few  cases  of  poisoning  by  sausages,  in  some  of  which  the  symptoms 
have  resembled  those  of  poisoning  by  atropine  (Brunton).  There  have  been  also 
cases  where  fish  of  various  kinds,  but  especiaUy  crabs,  have  had  this  effect,  and  there 
are  also  cases  in  which  tinned  meats  have  apparently  had  poisonous  properties.  It 
appears  as  if  the  poisons  might  be  evolved  without  the  ordinary  signs  of  putrefac- 
tive decomposition.  In  that  case  the  bacteria  concerned  would  not  be  associated 
with  the  ordinary  septic  kinds. 

Somewhat  more  problematical  are  the  so-caUed  Leuoomaines.  It  is  asserted 
(Gautier)  that  in  the  physiological  processes,  such  as  muscular  action,  alkaloids  are 
formed,  which,  like  those  arising  from  bacteria,  are  poisonous.  To  these  physio- 
logical alkaloids  the  name  leucomaines  is  given. 

Wound  fever  is  to  be  placed  as  a  form  of  septic  poisoning.  This 
name  is  applied  to  the  condition  which  occurs  when  a  recent  wound  is 
left  open  so  that  putrefaction  occurs  in  the  discharges.  In  a  recent 
wound  the  lymphatic  channels  and  capillary  blood-vessels  are  laid  open, 
and  are  ready  to  absorb  any  products  of  jDutrefaction  which  may  be 
present.  Hence,  in  the  first  forty-eight  hours  we  may  have  symptoms 
due  to  such  absorption,  which  may  cease  when  the  absorbent  tissues  are 
covered  up  by  gi-anulations.  A  similar  febrile  condition  often  occurs 
when  pus  is  confined  in  wounds  or  abscesses.  If  the  pus  be  in  a  state 
of  tension,  the  products  may  be  absorbed  in  spite  of  the  protecting  layer 
of  granulations,  and  we  may  have  fever  as  a  result,  but  it  will  disappear 
when  the  pus  obtains  free  exit. 

In  the  intestinal  canal  the  decomposition  of  the  contents  will  often 
evolve  ptomaines  of  various  sorts.  It  seems  not  improbable  that  many 
of  the  symptoms  of  dyspepsia  and  biliousness  are  due  to  the  absorption 
of  such  poisons.  ' 

We  know  that  odorous  (often  very  mal-odorous)  products  are  absorbed  from  the 
mtestinal  canal  and  exhaled  by  the  lungs,  and  in  a  similar  way  poisonous  ptomaines 
may  be  absorbed.    So  long  as  they  are  freely  excreted  they  will  not  be  in  sufficient 
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quantity  to  do  much  harm,  but  when  the  secretions  are  interfered  with  they  may  do 
so.  Bouchard  ascribes  the  symptoms  in  some  cases  of  urajmia  to  the  retention  of 
ptomaines  which  would  be  excreted  by  the  kidneys,  if  these  organs  were  healthy, 

2.  Pathogenic  bacteria  produce  their  effects  in  several  different 
ways.  All  of  them  propagate  at  the  expense  of  the  tissues  or  their 
secretions,  and  they  produce  poisons  which  may  have  a  violent  local 
action  or  may  pass  into  the  circulation  and  produce  general  effects. 

Those  which  propagate  locally  multiply  and  invade  the  tissues,  irri- 
tating and  destroying  as  they  proceed.  An  example  of  this  is  afforded 
by  septic  infection,  which  is  to  be  carefully  distinguished  from  septic 
poisoning.  The  pathogenic  septic  bacteria  (see  further  on  under 
Micrococci)  are  capable  of  invading  the  tissues,  extending  along  canals 
and  spaces.    Another  example  is  afforded  by  tubercular  infection,  in 


Fig  09  — Pyajmic  abscess  of  kidney  ;  a,  necrosed  central  part ;  b,  area  of  inflammation,  the 
tissue  packed  with  pas  corpuscles;  c,  capillaries  filled  with  micrococci;  d,  Malpjghian 
glomeruli ;  c,  uriniferous  tubules,    x  16. 


which  the  tubercular  bacillus  propagates  itself  in  the  living  tissues 
and  advances.  These  locally-growing  bacteria  arc  capable  of.  trans- 
^portation,  especially  when  they  enter  the  blood.  In  the  case  of  septic 
iacteria  we  may  have  them  implanted  in  various  regions,  producing^  the 
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characteristics  of  Pyaemia.  The  tubercular  bacteria  are  also  sometimes 
disseminated  by  the  blood  leading  to  general  tuberculosis.  In  these 
■cases  the  transported  bacteria  do  not  generally  propagate  in  the  blood 
itself,  but  they  settle  in  many  localities  where  they  multiply  and  invade 
the  tissues  as  before.  Diseases  produced  by  these  locally-growing 
bacteria  will  thus  be  infective  in  character. 

The  most  important  effects  of  most  of  the  infective  bacteria  are 
Necrosis  an(J  Inflammation.  This  may  be  illustrated  by  the  accompany- 
ing figure  (Fig.  99)  which  represents  a  section  of  the  kidney  in  a  case 
of  pysemia.  Septic  bacteria  have  been  transplanted  to  the  kidney 
where  they  have  settled  and  producecj,  metastatic  abscesses.  The 
central  part  of  the  area  is  necrosed  {a  in  figure).  It  shows  no 
differentiation  of  tissue,  and  when  stained  ^vith  one  of  the  ordinary 
nuclear  staining  agents  it  remains  unstained  or  is  homogeneously 
coloiu-ed.  Around  the  necrosed  part  there  are  evidences  of  acute 
inflammation  in  the  presence  of  myriads  of  pus-corpuscles.  In  this 
illustration  the  section  has  not  encountered  the  actual  embolism' which 
caused  the  lesion,  but  there  are  at  intervals  two  or  three  capillaries 


filled  with  bacteria.     In  Fie 

o 
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100  again  we  have  septic 
bacteria  in  a  capillary  of  the 
kidney,  producing  necrosis  of 
the  epithelium  of  the  tubules. 
The  specimen  was  stained  with 
aniline  brown,  the  effect  of 
which  is  to  stain  the  nuclei  of 
cells  and  the  bacteria,  but  if 
the  cells  are  necrosed  their 
nuclei  are  not  stained ;  it  will 

be  obt!Prvpd  ttrif  n"ri  tlio  .^je-- 100.— Capillaiy  blood-vessel  6  in  kidney  filled 
IJB  ,    ODServea     tnat      an      the    with  micrococci,  from  a  ca.e  of  pysemia.     Thore  is  a 

neiffhbourhood  of  thp  bfirtprin  *".i"r  ^'*'^^'",?ide  (a,  «),  the  nuclei  of  which  are 
in^iouuuuiuuuu  OI  Lne  Oacteria   visible  except  in  the  neighboiu-hood  of  the  capillary. 

there  are  no  nuclei  visible.         ^  ' 

Many  other  examples  of  necrosis  and  inflammation  produced  by 
bacteria  might  be  mentioned,  as  tuberculosis,  where  the  necrosis  is  of  a 
special  kind  (caseous),  dysentery,  diphtheria,  erysipelas,  etc. 

The  products  of  these  bacteria  pass  beyond  their  actual  seat,  and  the 
effects  diminish  in  intensity  as  they  pass  outwards,  being  diluted  in 
proportion  as  they  depart  from  the  centre.  In  Fig.  99  it  is  shown 
that  in  the  centre  of  the  affected  area  necrosis  has  occurred,  while 
inflammation  is  visible  in  the  peripheral  parts.  These  products  fre- 
quently pass  into  the  blood,  producing  symptoms  of  poisoning  such  as 
those  already  referred  to. 
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In  the  case  of  Cholera,  the  bacteria  are,  according  to  Koch,  confined 
to  the  intestinal  canal,  where  they  evolve  a  violent  poison,  which  not 
only  irritates  the  mucous  membrane,  but,  being  absorbed,  leads  to 
symptoms  of  general  poisoning. 

Some  of  the  pathogenic  bacteria  propagate  in  the  blood  itself. 
Some  indeed  are  capable  of  general  infection  as  well  as  local.  The 
anthrax  bacillus,  for  example,  may  produce  a  local  infective  disease 


Fig.  101.— Vein  of  the  diaphragm  of  a  septicixsmic  luoiisc.  The  Repticiemic  bacilli  are 
seen  in  great  abundance,  some  of  them  attacking  the  white  blood-corpuscles,  which  are 
occasionally  reduced  to  masses  of  bacilli.    X  700.  (Kocii.) 


(malignant  pustule)  as  well  as  a  general  disease,  in  which  it  is  present  in 
the  blood.  In  some  cases  the  bacteria  are  present  in  enormous  numbers 
in  the  blood.  Fig.  101  for  example  shows  a  vein  from  the  diaphragm 
of  a  mouse  affected  with  a  form  of  disease  due  to  a  minute  bacillus 
(septicEemia  of  mice).  It  is  seen  that  the  bacteria  are  very  numerous 
and  that  they  are  frequently  attacking  the  white  blood-corpuscles.  It 
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is  probable  that  in  most  of  the  acute  specific  fevers  there  are  bacteria 
present  in  the  blood,  although  in  some  of  them  they  have  a  local 
habitat,  and  it  is  their  products  which  induce  the  general  symptoms 
This  is  so  in  the  case  of  typhoid  fever  where  the  bacteria  are  in  the 
mtestine,  spleen,  and  lymphatic  glands,  and  in  small-pox  where  they  are , 
in  the  skin  and  mucous  membranes. 

III. -THE  IN-DIVIDUAL  FORMS  OJF  BACTERIA. 
In  what  has  gone  before  it  has  been  indicated  that  there  is  not  as  yet 
a  complete  and.  satisfactory  classification  of  the  bacteria.    Sufficient  is 
known,  however,  to  enable  us  to  identify  many  of  the  forms  although 
their  generic  relations  may  not  be  fully  established.    In  order  to  deter- 
mine the  character  and  kind  of  a  particular  bacterium,  it  is  necessary  not 
merely  to  prepare  a  specimen  and  observe  it  under  the  microscope  but 
also  to  discover  its  behaviour  when  grown  as  a  pure  culture.    Hence  the 
description  of  each  form  includes  a  statement  of  its  mode  of  growth 
when  so  cultivated,  as  well  as  of  its  form.    In  the  case  of  pathogenic 
bacteria  the  results  of  cultivation  must  be  tested,  where  possible  by 
expennients  on  animals,  and  the  position  of  any  pathogenic  form  'can 
hardly  be  regarded  as  established  unless  it  has  been  found  in  persons 
attected  by  the  disease,  cultivated  on  nutrient  media  through  several 
generations,  and  inoculated  on  animals  with  the  result  of  producing  the 
original  form  of  disease  (Koch). 

In  the  following  enumeration  it  is  not  intended  to  give  a  complete 
account  of  the  bacteria.  In  regard  to  the  saprophytes  especially,  we 
shall  only  refer  to  those  which,  from  the  frequency  of  their  occurrence 
or  Irom  their  association  with  man,  are  apparently  of  practical  impor- 
tance. In  the  nomenclature,  the  three  terms  descriptive  of  the  forms  of 
the  individual  cells  are  used  as  generic  names,  while  the  specific  designa- 
tion refers  to  some  obvious  characteristic.  We  have  then,  both  in  sapro- 
phytes and  pathogenic  forms,  the  three  genera,  micrococcus,  bacillus,  and 
spirillum. 


A.-SAPROPHYTIC  BACTERIA. 

.tlf  """v"'/"'^'^*'''"' °^  commonest  bacteria.  It  appears  as  blood-rod 
''  ZrlTn    '"  .ITT'*?''  °^  ''''''''  -hich  the  names 

timpTt      '     \  f  '''''  spots  have  some- 

times been  regarded  as  portents  or  prodigies,  the  bacteria  have  received  the  name 
M  prod,gxosus    The  mdividuals  are  globular,  oval,  or  short  rods,  and  they  grow 

cZrXr   Y  '"''^'^  °'  °"  ^^11'-'        Siye  a  deep  red 

colour.    The  colour  is  not  resident  in  the  bacteria  but  secreted  by  them.  The 
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bacteria  evidently  exist  abundantly  in  the  air  and  readily  infect  any  suitable  medium 
which  may  be  exposed.  They  absorb  readily  the  aniline  dyes.  No  pathological 
significance  is  attachable  to  this  form. 

2.  Sarcina  is  a  peculiar  form  of  microbe  whicli  is  now  recognized  as 
.  belonging  to  the  group  of  micrococci.  The  old  name  is  retained  as  it  ex- 
presses the  form  of  the  bacteria.  The  sarcina  is  a  micrococcus 
which  in  dividing  shows  lines  of  fission  in  two  directions  at  right 
angles,  so  that  it  always  divides  into  fours.  The  fours  often  remain 
adherent,  so  that  we  may  have  groups  of  four,  eight,  sixteen,  or  further 

multiples  (see  Fig.  102).  There 
are  several  forms  of  sarcinse  which 
may  appear  spontaneously  in  vari- 
ous media,  their  source  being  the 
air,  and  from  these  pure  cultiva- 
tions may  be  obtained.  The  forms 
are  distinguished  by  the  colour  of 
the  cultures,  as  white,  yellow,  and 
orange. 

Sarcina  ventriculi  (Goodsir)  is  a 
form  found  in  the  stomach,  especi- 
ally when  the  organ  is  greatly 
dilated  and  processes  of  fermenta- 
©  tion  are  proceeding.    It  occurs  as 

Fig.  102.^ci)  Sarcin*  ventriculi,  (»)  starch      y^^^^l  packets  of  micrOCOCCi  which 
granules,  and  (c)  fungus  spores  from  vomited  i^uuiv^a-i  jj 

matter,  x  350.  frequently  have  a  brownish  colour 

when  seen  under  the  microscope  (see  Fig.  102).  When  cultivated  on 
nutrient  jellies,  it  grows  in  light  yellow  colonies.  It  has  no  special 
significance  in  the  stomach,  where  it  occurs  along  with  other  fermentative 
bacteria. 

Sarcinse  have  also  been  observed  in  other  situations.  If  blood  be 
taken  fresh  from  the  vessels  into  a  capillary  tube  and  preserved  in  a 
water-bath  at  a  temperature  near  that  of  the  body,  then  in  almost 
every  case  sarcina  will  develop  in  a  few  days  (Lostorfer  and  Femer). 
They  first  appear  as  globular  glancing  bodies  and  then  form  the  regular 
cubical  packets.  They  are  smaller  than  those  found  in  the  stomach, 
but  in  nutrient  media  they  grow  to  that  size.  Sarcinse  have  also  been 
found  in  gangrenous  cavities  in  the  lungs,  and  in  the  urine,  being 
probably  derived  from  the  blood. 

3  Bacillus  megaterium  has  been  fully  described  by  De  Bary,  who  made  special  obser- 
vations as  to  spore-formation  in  it.  It  was  first  observed  growing  on  boiled  cabbage 
leaves  and  afterwards  cultivated  on  jellies  containing  grape  sugar,  or  meat  extract. 
It  is  composed  of  cylindrical  rods,  which  are  often  slightly  bent,  and  contain 


SAPROPHYTIC  MICROBES. 


291 


numerous  granules.  It  forms  spores  in  the  granular  substance,  which  ultimately 
become  free. 

4.  Bacillus  subtilis,  Hay  bacillus,  is  a  very  common  form,  and,  as  its  cells  are  large 
as  compared  to  those  of  most  bacilli,  it  is  readily  seen,  and  was  early  discovered. 
From  its  name,  hay  bacillus,  it  will  be  inferred  that  it  readily  occurs  in  vegetable 
infusions,  being  carried  by  the  air.  It  is  composed  of  long  rods,  which  are  usually 
united  into  long  threads.  The  bacilli  are  motile,  possessing  a  flagellum  at  each  end. 
Spore-formation  occurs  inside  the  rods,  and  as  the  spores  enlarge  the  bacilli  dis- 
integrate so  that  the  former  are  set  free.  If  the  spores  are  placed  in  a  fitting 
medium  they  develop  into  rods.  The  membrane  of  the  spore  tears  at  one  side 
and  the  young  rod  grows  out  of  the  cleft.  This  form  grows  readily  on  many 
nutrient  media,  forming  on  potatoes  a  whitish  cream-like  layer,  and  on  other 
media  a  thick  membranous  layer.  The  hay  bacillus  is  aerobic ;  deprivation  of 
oxygen  stops  its  growth. 

The  hay  bacillus  has  a  superficial  resemblance  to  the  anthrax  bacillus,  and  it  was 
at  one  time  asserted  by  Buchner  that  the  two  forms  were  convertible.  They 
present,  however,  several  points  of  distinction,  the  anthrax  bacillus  for  instance 
being  motionless.  The  hay  bacillus  has  been  introduced  into  the  blood  of  living 
animals,  but  has  produced  no  morbid  effects.  It  is  soon  removed  from  the  blood, 
and  deposited  (according  to  Wyssokowitsch)  in  the  Uver  and  spleen,  where  it  may 
remain  for  months,  without  producing  any  effect. 

5.  Bacillus  acidi  lactici  is  concerned  in  the  soui-ing  of  milk.  When  milk  is  with- 
drawn from  the  mammary  glands  and  exposed  to  the  air,  it  is  Hable  to  have  several 
forms  of  bacteria  and  fungi  developing  in  it.  An  almost  constant  contamination  is 
that  with  the  lactic  acid  bacillus,  which  has  the  double  effect  of  converting  the  milk 
sugar  into  lactic  acid,  and  precipitating  the  casein,  the  latter  effect  being  the  result 
of  the  presence  of  the  free  acid.  The  result  occurs  in  pure  cultivations  in  steriUzed 
milk.  The  bacillus  is  a  smaU  short  plump  rod,  mostly  joined  in  twos,  seldom  in 
larger  chains.  It  is  motionless.  The  bacilli  form  endospores.  The  bacillus  grows 
on  nutrient  jelly  as  a  greyish  white  gUttering  layer,  which  does  not  liquefy  the  jelly. 

There  are  probably  several  other  bacteria  which  convert  sugar  into  lactic  acid, 
but  this  is  the  chief  agent. 

6.  Bacillus  butyricus  (Clostridium  butyricum),  the  bacillus  of  butyric  acid  fermenta- 
tion, is  another  of  the  forms  which  occur  spontaneously  in  milk.  In  solutions  of 
starch  or  milk  sugar,  it  produces  butyi-ic  acid,  while  carbonic  acid  and  hydrogen  are 
evolved.  It  is  also  capable  of  converting  lactic  acid  into  butyric  acid.  Coagulated 
casein  is  dissolved  by  this  bacillus,  and  it  is  hence  supposed  to  have  to  do  with  the 
ripening  of  cheese.  The  bacillus  is  an  extremely  active  one,  both  in  its  movements 
and  its  growth.  The  rods  are  large  and  thick,  resembhng  those  of  the  hay  bacillus. 
They  are  anaerobic,  and  not  infrequently  produce  spores. 

This  bacillus  presents,  under  certain  circumstances,  a  peculiar  reaction  with 
watery  solution  of  iodine,  certain  parts  of  the  cells  taldng  on  a  deep  indigo  blue 
colour,  especially  when  cultivation  has  occurred  in  starchy  media. 

7.  Bacterium  termo  is  a  name  which,  in  view  of  the  modern  position  of  Bacteri- 
ology, can  hardly  be  said  to  have  a  proper  place.  In  putrid  fluids  every  drop  con- 
tains large  numbers  of  bacteria,  doubtless  of  various  sorts.  The  commonest  and 
most  constant  forms  are  moderately  large,  vigorously  moving  rods,  and  it  is  these 
which  have  received  the  name  of  bacterium  termo.  But  attempts  made  to  obtain 
pure  cultivations  of  this  form,  seem  to  have  shown  that  we  have  not  here  a  single 
species,  but  several  kinds  which  future  research  must  be  left  to  identify.  The 
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ordinary  bacterium  of  putrid  decomposition  is  a  short  rod  with  a  thick  cell-mem- 
brane and  a  flagellum.  No  spore-formation  has  been  observed.  It  grows  actively  on 
nutrient  jellies,  which  it  liquefies.    On  potatoes  it  fomis  a"  grey  sliiny- layer. 

8.  Leptothrix  buccalis  is  a  form  to  which  some  ascribe  pathogenic 

properties.    It  occurs 

,/tJ,jMi,:jfllp':jJ/Jliiill 

'mm 


a 


in  the  mouth  and  is 
constantly  present  in 
the  soft  white  matter 
which  lies  in  the 
corners  bet^veen  the 
teeth.  It  consists  of 
long  fine  threads  (see 
Fig.  103)  which  are 
deeply  stained  by  the 
ordinary  aniline  dyes. 
By  some  this  bac- 
terium is  believed  to 
extract  the  lime  from 
the  teeth  and  so  induce  caries,  but  it  probably  does  not  do  this  unless 
the  teeth  are  already  weakened.  It  is  supposed  to  attract  Hme  from 
the  food  and  form  the  so-called  tartar  of  the  teeth. 


Pig.  103. — Leptothrix  buccalis  from  the  gums  at  edges  of  teeth 
a,  the  filaments  separated  ;  b,  masses  of  filaments,    x  350. 


B.— PATHOGENIC  BACTERIA. 

I.— PATHOGENIC  MICROCOCCI. 

Most  of  the  pathogenic  micrococci  are  characterized  by  the  fact  that 
they  produce  violent  inflammations  frequently  resulting  in  suppurations. 
Hence  they  are  mostly  Pyogenic,  that  is,  producers  of  pus.  An  en- 
deavour has  been  made  to  form  genera  on  the  basis  of  the  arrangement 
which  the  cocci  assume  in  their  growth.  Some  of  them  always  divide 
in  one  direction,  and  so  form  more  or  less  elongated  chains,  whence  the 
generic  term  Streptococcus.  Others  do  not  divide  in  one  determinate 
direction,  and  so  form  clumps  or  masses,  from  the  resemblance  of  which 
to  bunches  of  grapes,  the  term  Staphylococcus  has  been  applied.  These 
terms  must  be  regarded  like  the  others  as  merely  provisional  and  as 
expressing  the  present  state  of  knowledge.  All  the  septic  micrococci 
stain  readily  with  aniline  dyes,  especially  by  Gram's  method. 

1.  Streptococcus  erysipelatis,  the  micrococcus  of  erysipelas,  is  com- 
posed of  perfectly  globular  cells  of  small  size,  which  have  a  peculiar 
tendency  to  grow  into  long  chains.  It  has  been  cultivated  on  various 
media,,  growing  slowly  at  the  ordinary  temperature,  and  more  quickly 
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Avhen  the  temperature  approaches  that  of  the  body.  The  cocci  grow 
most  abundantly  in  bouillon,  and  not  at  all  on  potato.  In  growing 
they  form  little  white  spots  which  have  a  characteristic  appearance,  and 
do  not  liquefy  the  gelatine. 

In  cases  of  erysipelas  they  are  found  in  the  lymphatic  spaces  and 
vessels,  which  they  frequently  fill  out  so  as  to  form  a  kind  of  injection 
of  them.  They  do  not  extend  beyond  these  vessels,  but  their  poisonous 
l^roducts  not  only  produce  intense  local  inflammation,  but,  passing 
to  the  blood,  cause  fever  and  other  general  symptoms.  The  bacteria 
are  scarcely  at  all  present  in  the  inflamed  area,  but  are  abundant  at  the 
margins.  Apparently  the  cocci  produce  a  poison  and  subsequently 
perish,  leaving  the  poison  behind. 

Erysipelas  has  been  produced  artificially  by  inoculation  of  cultures 
of  this  streptococcus.  The  most  convenient  experiment  is  to  inoculate 
the  ear  of  a,  rabbit,  which  leads  to  an  acute  inflammation,  bvxt  without 
sixppuration. 

Fehleisen  has  practised  inoculations  in  man  with  a  view  to  the  treat- 
ment of  certain  tumours.  It  has  been  observed  that  erysipelas  acci- 
dentally acquired  sometimes  cures  or  stops  the  growth  of  malignant 
tumours.  Acting  on  this  idea  Fehleisen  inoculated  the  coccus  from  pure 
cultures  in  cases  of  sarcoma  and  cancer,  with  the  result  of  inducing 
typical  erysipelas.   The  tumoiors,  in  some  cases  at  least,  were  benefited. 

In  ordinary  cases  of  erysipelas  the  bacteria  are  usually  derived  from 
the  air,  but  may  be  conveyed  by  contact.  The  point  of  entrance  is 
probably  in  all  cases  a  wound,  but  it  may  be  a  very  trivial  one. 

2.  Staphylococcus  pyogenes  aureus. — Micrococci  are  to  be  found 
virtually  in  all  abscesses  or  suppurations,  and  the  form  now  under  con- 
sideration is  the  most  important.  It  has  been  studied  by  many  authors, 
of  whom  Ogston,  who  suggested  the  term  staphylococcus  (from  o-Tac/ji-Aij, 
a  bunch  of  grapes),  and  Rosenbach,  who  gave  the  full  name,  may  be 
mentioned. 

It  is  smaller  than  the  coccus  of  erysipelas  and  in  its  growth  tends  to 
form  little  masses  rather  than  chains  (although  Crookshank  asserts  that 
it  forms  chains,  and  hence  calls  it  streptococcus).  It  is  not  known  to 
produce  spores,  but  it  is  peculiarly  resistant  to  drying  and  heat.  It  may 
be  kept  dry  on  a  cover-glass  for  ten  days  without  losing  its  power, 
and  it  requires  the  temperature  of  boiling  water  for  several  minutes  iii 
order  to  kill  it. 

It  grows  at  the  ordinary  temperature,  but  more  vigorously  at  higher 
degrees.  It  grows  on  gelatine,  agar-agar,  and  potato,  forming  in  all  of 
them  bright  orange-coloured  masses,  which  have  been  aptly  compared 
to  layers  of  red  oil  paint.    It  i-ajjidly  liquefies  gelatine  and  agar-agar. 
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Suppurative  inflammations  have  been  frequently  ijroduced  by  the 
artificial  application  of  this  bacterium.  Garre  applied  it  to  his  own 
person,  once  to  a  fissure  at  the  finger-nail,  and  once  by  rubbing  into  his 
forearm.  In  the  former  case  he  produced  a  spreading  suppuration, 
and  in  the  latter  a  considerable  carbuncle  which  took  weeks  to  heal. 

The  relation  of  this  bacterium  to  acute  infective  ostitis  and  to  ulcera- 
tive endocarditis  is  very  interesting.  If  large  quantities  of  the  culture 
be  injected  in  animals  they  will  die  of  poisoning  in  a  short  time,  but  if 
small  quantities  be  used  they  will  usually  recover.  However,  an  injury 
to  the  valves  of  the  heart  on  the  one  hand,  or  to  a  bono  on  the  other, 
will  determine  the  settlement  of  the  cocci  in  one  or  other  of  these 
situations,  the  result  being  a  malignant  infective  inflammation.  (See 
under  Ulcerative  Endocarditis,  and  Suppurative  Ostitis.) 

Abscesses  may  be  produced  in  animals  by  the  subcutaneous  injection 
of  cultures  of  this  bacterium.  Acute  jaeritonitis  is  produced  by  injection 
into  the  abdomen,  and  acute  synovitis  by  injection  into  the  joints. 

This  micrococcus  is  very  widely  distributed,  occurring  in  almost  all 
suppurations,  but  also  in  the  normal  saliva,  in  water,  and  air.  All  open 
wounds  are  exposed  to  its  inroads,  and  it  will  depend  somewhat  on 
circumstances  whether  it  penetrates  further  inwards. 

3.  Staphylococcus  pyogenes  albus  closely  resembles  that  just  de- 
scribed, almost  the  only  difi'erence  being  that  when  growing  it  does  not 
produce  a  yellow  pigment,  but  instead,  a  thick  white  layer  like  varnish. 
It  is  less  common  than  the  yellow  form  and  apparently  less  malignant. 

4i  Streptococcus  pyogenes  albus  is  not  infrequently  found  in  pus, 
either  alone  or  in  conjunction  with  the  Staphylococcus  aureus.  In  all  its 
characters  it  closely  corresponds  with  the  streptococcus  of  erysipelas, 
having  similar  modes  of  growth  on  nutrient  media.  In  fact  it  seems 
doubtful  whether  it  is  not  the  same  form,  the  principal  point  of  difi'er- 
ence being  that  while  mice  are  not  infected  by  inoculation  with  the 
micrococcus  of  erysipelas  they  are  by  this  form. 

In  addition  to  these  there  are  several  other  bacteria  which  have  been  met  with  in 
pus,  but  they  have  not  been  so  fully  worked  out,  and  are  much  less  common  than 
those  described  above.  These  are  the  micrococcus  pyogenes  tenuis  of  Eosenbach,  the 
bacillus  pyogenes  foetidus  of  Passet  and  other.s. 

Along  with  the  micrococci  of  pus  may  be  mentioned  the  Bacillus  of  green  pus 
(Bacillus  pyocyaneus).  Surgeons  sometimes  find  that  the  dressings  suddenly 
assume  a  bright  green  or  blue  colour,  which  may  occur  without  disturbing  the  pro- 
cess of  healing.  This  is  due  to  a  small  bacillus  which  has  found  access  to  the 
secretions  of  the  wound  and  has  multiplied  there.  It  is  a  slender  rod,  often  united 
in  small  chains  of  four  to  six  cells.  It  has  very  lively  movements ;  no  formation  of 
spores  has  been  observed.  It  has  been  cultivated  in  various  nutrient  media,  the 
culture  usually  giving  a  greenish  colour.    The  pigment  has  been  extracted  by 
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chloroform  and  separated  as  long  needles.  It  has  been  observed  also  in  the  pus  of 
cases  in  which  the  dressings  have  been  stained.  This  pigment  is  named  by  Gessard 
pyocyanin.    This  form  of  bacterium  has  no  joathological  significance. 

5.  Micrococcus  gonorrhoBse,  Gonococcus. — This  form,  discovered  by 
Neisser,  is  now  acknowledged  to  be  the  active  agent  in  the  causation  of 
gonorrhoea.  It  is  a  large  micrococcus,  which  is  generally  found  united 
in  twos  (diplococcus),  the  two  surfaces  facing  each  other  being  usually 
flattened. 

The  gonococcus  is  not  to  be  detected  by  Gram's  method,  as  the  iodine  decolorizes 
it.  It  may  be  stained  by  the  ordinary  aniline  dyes,  but  it  is  best  demonstrated  as 
follows : — A  cover-glass  which  has  been  smeared  with  the  pus  is  placed  for  a  few 
minutes  in  a  concentrated  alcoholic  solution  of  eosine  (best  with  slight  heating). 
The  eosine  is  then  removed  with  blotting  paper  and  the  preparation  treated  for  a 
very  short  time  (about  a  quarter  of  a  minute)  with  a  concentrated  alcoholic  solution 
of  methylblue,  and  then  washed  in  water.  The  cocci  are  now  seen  to  be  blue 
against,  a  red  background,  as  the  pus-corpuscles  take  up  the  eosine. 

The  principal  peculiarity  of  the  gonococcus  is  that  it  is  found  in  the 
substance  of  the  pus  cells,  often  filling  the  protoplasm  but  leaving  the 
nucleus  free.  It  is  exceedingly  difficult  to  cultivate,  success  having 
only  been  obtained  by  the  use  of  human  blood  serum,  and  even  with 
this  the  growth  has  been  comparatively  slight.  The  identity  of  the 
coccus  and  its  connection  with  gonorrhoea  was  proved  by  Bumm,  who 
inoculated  a  culture  of  the  third  generation  in  the  female  iirethra  and 
produced  a  typical  gonorrhoea  in  three  days. 


II.— PATHOGENIC  BACILLI  AND  SPIRILLA. 


1.  Bacillus  anthracis. — This  is  one  of  the  best  known  and  most 
■svidely  diffused  pathogenic  forms,  occurring,  as  it  does,  both  as  a 
saprophyte  and  a  parasite.    As  a  parasite  it  gives  rise  to  the  condition.? 
variously  known  as  Splenic  fever, 
Anthrax,  Charbon,  Malignant 
pustule,    and    Wool  -  sorter's 
disease,   and   it   is  sometimes 
described  under  the  name  Bac- 
teride  du  charbon.     It  mostly 
occurs  in  animals,  but  is  occa- 
sionally communicated  to  man. 

The  bacteria  are  rods  of  con- 
siderable size,  generally  united 
end  to  end  so  as  to  form  longer 
threads.     Each  bacillus  is  about  as  long  as  the  diameter  of  a  red 
blood-corpuscle.    The  extremities  of  the  bacilli  are  abrupt,  and  even 


Fig.  104.— Bacillus  of  anthrax  (ft),  and  of  the 
septictemia  of  mlco  (a).    X  700.  (Kocii.) 


■^96  BACTERIOLOGY. 

slightly  concave,  so  that  when  two  are  united  there  is  an  oval  sijace 
which  is  very  characteristic.    (See  Fig.  104.) 

The  bacillus  may  be  cultivated  in  many  different  nutrient  media, 
nutrient  gelatine,  agar-agar,  potato,  etc.  It  grows  readily  in  neutralized 
or  weakly  alkaline  urine  and  in  infusions  of  animal  substances  in 
general.  On  potato  it  grows  very  vigorously,  forming  a  dry  yellowish 
creamy  layer. 

While  in  the  animal  body  the  bacilli  are  either  single  or  form  short 
threads  of  two  or  three,  but  when  grown  on  the  surface  of  nutrient 
media  so  as  to  be  exposed  to  the  oxygen  of  the  air  they  grow  out  into 
long  threads,  which  at  first  sight  appear  to  he  continuous,  but  when' 
properly  displayed  are  seen  to  be  composed  of  individual  bacilli.  The 


Vig.  105. — Villus  of  intestine  in  anthrax,  tiie  bacilli  visible  as  minute  threads,    x  250.  (Kocn.) 

threads  have  a  habit  of  interlacing  so  that  interwoven  or  matted 
masses  are  thus  formed.  In  these  threads  the  formation  of  spores 
occurs  when  the  circumstances  are  favourable.  This  requires  a  tempera- 
ture not  lower  than  18°-20°  C.  and  not  above  33°-34°,  while  about  30° 
is  the  most  favourable  temjjerature.  As  a  preliminaiy  to  spore-forma- 
tipi,i  the  bacilli  become  granular,  and  there  afterwards  appear  glancing 
ref^'^ctive  bodies  which  gradually  grow  into  oval  spores.    The  spore 
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lies  in  the  middle  of  the  bacillus,  and  there  is  never  more  than  one  in 
each.  The  bacillus  by  and  by  disappears,  leaving  the  spore  free.  If 
placed  in  a  favourable  position  the  spores  germinate  and  grovi^  into  the 
regular  rods.  The  spores  contrast  with  the". bacilli  in  being  very 
permanent,  as  they  resist  drying  and  decomposition.  Pieces  of  silk 
thread  impregnated  with  spores  from  a  culture  on  potato  may  be  kept 
for  years  perfectly  capable  of  germination. 

The  anthrax  bacillus  requires  careful  staining,  but  if  due  care  be  taken  a  watery 
solution  of  almost  any  aniline  dye  may  be  made  to  serve,  or  Gram's  method  may  be 
used  for  double  staining.  The  spores  are  more  difficult  to  stain.  If  a  cover-glass 
preparation  be  first  made  then  it  may  be  floated  for  about  twenty  minutes  on  the 
surface  of  a  hot  alcohoUe  solution  of  fuchsine,  decolorized  in  weak  hydrochloric 
acid  and  again  stained  with  methylblue.  The  bacilli  are  stained  blue  and  the 
spores  red. 

The  anthrax  bacillus  is  capable  of  transmission  to  a  large  number  of 
animals,  although  considerable  differences  of  susceptibility  exist.  Mice 
are  the  most  readily  infected, 
and  next  to  them  stand 
guinea  -  pigs,  rabbits,  sheep, 
and  cattle.  Rats  are  with 
difficulty  affected,  and  dogs, 
birds,  and  frogs  are  scarcely 
susceptible.  Frogs  may  be 
affected  if  after  inoculation 
they  are  kept  for  a  few  days 
at  the  temperature  of  the 
brood-oven.  Men  are  sus- 
ceptible, but  there  is  not  in- 
frequently after  inoculation  a 
local  disease  (malignant  pus- 
tule), the  bacilli  being  present 
in  the  exudation  of  the 
pustule. 

The  disease  may  be  induced  ex- 
perimentally either  by  inoculation 
into  the  skin  or  mucous  mem- 
branes or  by  introduction  into  the 
alimentary  canal.  Inoculation  of 
the  blood  of  an  animal  which  has 
died  of  anthrax,  induces  the 
disease  in  a  susceptible  animal, 
or  it  may  be  induced  from  an  artificial  culture.  In  order  to  its  production  by 
the  ahmentary  canal,  cultures  containing  spores  must  be  used,  as  the  bacilli  are  de- 
stroyed by  the  gastric  juice.  When  an  animal  is  infected  it  shows  the  symptoms  of  an 


Fig.  lOii. — From  same  preimration  as  Vig.  105,  more 
higlily  magiiiflcd.  Tho  bacUli  visible  as  definite  rods. 
X  700  (Koch.) 


•298 


BACTERIOLOGY. 


acute  specific  fever,  which  usually  proves  fatal  in  a  few  days.  The  bacilli  are  found 
in  enormous  numbers  in  the  blood,  and  as  a  rule  they  are  found  only  inside  the 
blood-vessels.  So  abundant  are  they  in  some  cases  that  a  prepartion  stained  in  the 
proper  way  so  as  to  render  the  bacilli  prominent  will  appear  as  if  the  vessels  were 
injected  with  a  coloured  material.  (See  Figs.  105  and  106.)  It  is  chiefly  in  the 
capillaries  that  they  are  to  be  found,  and  they  are  most  readily  observed  in  the 
spleen,  the  villi  of  the  intestine,  and  the  glomeruli  of  the  kidney.  In  the  latter 
situation  there  is  not  infrequently  rupture  of  the  glomeruli  and  the  passage  of 
blood  and  bacilli  into  the  uriniferous  tubules.  The  bacilli,  however,  do  not 
extend  downwards  further  than  the  convoluted  tubules. 

Spontaneous  infection  with  anthrax  occurs  in  animals  mostly  with  their  food.  It 
originates  chiefly  in  cattle  and  sheep,  and  they  acquire  it  in  grazing.  There  are 
certain  parts  of  the  country  where  the  disease  is  endemic,  the  grass  apparently 
containing  the  microbe.  As  this  infection  is  by  the  alimentary  canal  it  is  neces- 
sary that  spores  should  be  jjresent.  The  bacillus  grows  on  all  sorts  of  vegetable  and 
animal  matter  on  which  it  may  be  planted  by  the  blood  or  discharges  of  infected 
animals.  Under  suitable  conditions  of  temperature  it  develops  spores.  It  is  im- 
portant that  such  infection  should  be  as  much  as  possible  prevented,  and  this  should 
be  borne  in  mind  in  the  disposal  of  the  bodies  of  affected  animals.  No  spore- 
formation  occurs  without  oxygen,  and  if  the  body  is  not  opened  the  bacilli  in  the 
blood  will  perish.  Hence  such  bodies  should,  where  possible,  be  buried  without 
oxDcning,  and  at  any  rate,  precautions  taken  against  contaminating  the  ground  with 
blood  or  tissues. 

In  man  the  disease  has  mostly  been  communicated  by  handling  the 
tissues  of  animals  which  have  been  affected.  Sometimes  spore-formation 
will  occur  in  such  tissues,  the  bacilli  growing  on  the  tissue  when  ex- 
posed to  the  air  and  producing  spores.  Hence  spores  may  adhere  to- 
hair,  wool,  or  other  material,  and  be  conveyed  long  distances.  Most 
cases  in  man  have  occurred  amongst  workers  in  hair  or  wool  (hence  the- 
name  of  wool-sorter's  disease).  In  several  cases  occurring  in  Glasgow,  the 
hair  had  come  from  Russia.  The  infection  usually  occurs  by  the  accidental 
inoculation  of  a  wound  or  scratch,  but  it  may  be  by  the  intestinal  canal. 

Attenuation  of  the  virus  was  first  attempted  by  Pasteur,  and  was  at- 
tended by  very  striking  results.  By  cultivating  the  bacillus  at  a  temper- 
ature of  42°-43°  C.  for  about  twenty-four  days,  the  infective  power  is 
destroyed,  while  a  shorter  period  suffices  to  weaken  it.  AVhen  the 
virus,  weakened  by  various  periods  of  cultivation  at  a  high  temperature, 
is  cultivated  at  the  ordinary  temperature,  it  remains  weak  in  infective 
power,  and  so  a  permanent  Vaccine  is  procurable.  The  bacilli  have 
been  also  weakened  when  cultivated  under  the  pressure  of  eight 
atmospheres  (Chauveau),  and  also  by  passage  through  different  species- 
of  animals.  Thus  the  blood  of  white  mice  dead  of  anthrax  produces 
when  inoculated  in  sheep  only  a  transitory  illness,  and  the  blood  of" 
guinea-pigs  inoculated  in  cattle  does  not  iisually  kill,  although  pro- 
ducing a  serious  illness. 
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When  animals  are  vaccinated  with  the  attenuated  virus  they  have  a 
mild  form  of  the  disease  and  acquire  a  certain  degree  of  immunity  to  the 
more  severe  forms.  The  practical  importance  of  this  fact  is  seriously 
diminished  because  the  immunity  appears  to  be  only  from  infection  by 
inoculation,  and  does  not  extend  to  infection  by  taking  the  spores  into 
the  alimentary  canal.  The  latter  is,  however,  the  most  frequent  mode 
of  infection  in  spontaneous  anthrax. 

Post-mortem  appearances  in  anthrax. — ^There  is  not  usually  much  to  be  seen  at  the 
point  of  inoculation,  but  over  the  whole  abdominal  surface  there  is  generally  a 
marked  jelly-like  cedema.  The  subcutaneous  tissue  is  friable  and  sometimes  in- 
filtrated with  blood,  but  there  is  no  development  of  gas.  The  superficial  muscles 
are  pale  and  almost  like  cooked  muscle.  The  spleen  is  greatly  enlarged,  dark  in 
colour,  soft  and  brittle.    The  liver  shows  a  moderate  cloudy  swelling. 

2.  Bacillus  of  malignant  oedema.— This  is  a  bacillus  somewhat  like 
the  bacillus  anthracis,  and  it  is  also  probably  identical  with  Pasteur's 
"  vibrions  septiques  "  which  he  found  in  his  "  septicaemie." 

Malignant  oedema  has  been  observed  in  man  in  consequence  of 
severe  wounds,  compound  fractures,  etc.  There  is  a  cutaneous  emphy- 
sema, decomposition  and  oedematous  swelling  of  the  superficial  muscles, 
and  death  generally  results  in  a  few  days.  The  parts  have  been 
infected  with  the  bacillus  under  consideration.  The  author  met  with 
bacilli  closely  resembling  this  form  in  a  case  of  cancrum  oris. 

The  bacterium  is  a  slender  rod,  somewhat  thinner  than  the  anthrax 
bacillus  and  with  rounded  ends.  It  tends  to  grow  into  long  threads, 
even  in  the  body,  and  it  is  motile.  The  bacilli  are  strictly  anaerobic 
and  they  bear  spores  under  circumstances  which  are  not  well  understood. 
Their  source  in  experimental  observations  is  various  kinds  of  decom- 
posing matters,  dust,  garden  earth,  etc.,  and  they  are  evidently  widelj^ 
dispersed.  They  are  cultivated  on  various  nutrient  media  in  an 
atmosphere  of  carbonic  acid  or  otherwise  jarotected  from  the  air. 

The  bacilli  produce  disease  when  inoculated  in  mice,  guinea-pigs, 
rabbits,  etc.,  and  this  occurs  whether  their  source  be  such  external 
matters  as  garden  earth,  or  pure  cultivations.  Death  usually  results  in 
twenty-four  to  forty-eight  hours.  Around  the  point  of  inoculation  the 
subcutaneous  tissue  and  superficial  muscles  are  infiltrated  with  a  dirty 
red  stinking  fluid  in  which  are  bubbles  of  gas.  The  bacilli  are  found 
in  the  oedematous  fluid  and  to  a  very  small  extent  in  the  fluids  of  the- 
tissues;  none  are  visible  in  the  blood.  The  bacilli  in  fact  remain  in  the 
subcutaneous  tissue  and  on  the  surface  of  organs,  not  penetrating  into  the 
parenchyma  and  not  extending  to  the  blood-vessels.  It  is  to  be  added 
that  they  grow  vigorously  after  death,  penetrating  into  the  substance  of 
organs  and  into  the  vessels.    In  the  mouse  the  bacilli  penetrate  more 


300 


BACTERIOLOGY. 


markedly  during  life  into  tissues  and  blood-vessels  and  the  appearances 
approach  to  those  of  anthrax. 

3.  Bacillus  of  typhoid  fever. — Eberth,  and  after  him  several  other 
authors,  have,  in  cases  of  typhoid  fever,  observed,  in  the  closed  follicles 
of  the  intestines,  and  in  the  lymphatic  glands  and  spleen,  peculiar  bacilli, 
vrhich  were  distinguished  by  their  peculiar  arrangement  and  defective 
reaction  to  aniline  dyes.  Gaffky  has  followed  out  the  investigation  and 
^iven  a  complete  account  of  this  form. 

The  bacteria  are  small  rods  Avith  rounded  ends,  which  are  usually 
single  or  in  pairs  in  the  tissues,  but  may  grow  into  longer  threads. 
They  possess  very  active  mobility.  Gaffky  has  described  appearances 
which  are  probably  those  of  spore-formation.  The  bacilli  grow  on 
various  nutrient  media,  but  especially  on  potato.  They  form  on 
potato  a  thickish  layer  which  to  the  naked  eye  scarcely  differs  from  the 
surface  of  the  potato,  but  a  small  portion  is  seen  imder  the  microscope 
to  present  vast  numbers  of  the  active  bacteria.  This  growth  on  potato 
is  very  characteristic,  and,  occurring  as  it  does  at  the  ordinary  tem- 
perature, is  very  important  as  shovring  that  these  bacteria  are  not 
obligate  parasites,  but  that  they  can  grow  outside  the  body.  It  has 
also  been  shown  that  they  grow  vigorously  in  milk  (Wolffhiigel),  and 
that  they  may  be  preserved  and  even  grow  in  Avater. 

The  typhoid  bacillus  is  difficult  to  stain,  giving  almost  no  colour  Avith  watery  solu- 
tions of  ordinary  aniline  dyes.  With  Loffler's  alkaUne  methylblue,  and  with  Ziehl's 
and  Neelsen's  carbolic  acid  and  fuchsine  solution,  they  are  readily  stained.  Sections 
should  be  left  twenty-four  hours  in  the  solutions.  The  preparations  should  be 
washed  with  water,  and  not  with  alcohol. 

The  bacilli  have  been  transmitted  to  animals  by  Fraenkcl  and  Sim- 
monds  and  by  Seitz.  The  former  injected  emulsions  of  cultures  into 
the  veins  of  the  ears  of  rabbits ;  the  latter  introduced  them  into  the 
alimentary  canal.  The  simple  administration  of  them  with  the  food 
was  not  enough  ;  but,  by  methods  similar  to  those  used  by  Koch  to  in- 
duce cholera  in  animals,  Seitz  produced  a  disease  in  animals  similar  to 
typhoid  fever,  of  which  most  of  the  animals  died.  The  bacilli  Avere 
found  abundantly  in  the  contents  of  the  intestine,  and  to  a  small  extent 
in  the  organs,  but  the  blood  was  free. 

In  man  the  bacilli  have  been  found  in  the  intestinal  contents,  in  the 
Peyer's  glands,  the  lymphatic  glands,  and  the  spleen,  but  onlj?^  to  a 
slight  extent  in  the  blood.  In  the  tissues  mentioned  they  grow  in  little 
masses  with  intervals  between.  Thc}^  are  not  found  in  every  case, 
diminishing  apparently  as  the  disease  advances.  Hence  thej^  are  uni- 
formly met  with  in  recent  cases,  in  Avhich  numerous  clumps  of  baciUi 
will  be  found  in  the  SAvoUen  Peyer's  patches  and  glands.    In  later  cases, 
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where  ulceration  bias  occurred,  they  will  be  found  in  the  deeper  layers  of 
the  patches,  in  the  mucous  membrane  and  muscular  coat  beneath  the  ulcer. 
As  the  bacilli  extend  to  the  blood,  it  may  be  that  the  general 
symptoms  of  typhoid  fever  are  due  to  this ;  but,  as  the  extension  is 
apparently  not  great,  it  may  be  that  the  bacilli  form  a  poison  in  the 
intestine,  glands,  and  spleen,  which,  reaching  the  blood,  produces  these 
symptoms. 

The  propagation  of  typhoid  fever  occurs  by  multiplication  of  the  bacilli 
outside  the  body  and  their  subsequent  ingestion.  There  are  abundant 
bacilli  in  the  faeces  of  the  patients,  and  they  have  been  detected  in  the 
albuminous  urine  in  severe  cases.  Considering  how  readily  they  propagate 
in  milk  and  other  media  outside  the  body,  it  is  not  difficult  to  understand 
how  they  should  frequently  infect  the  ingesta  and  produce  the  disease  in 
man.  There  are  many  epidemics  which  have  been  traced  to  contaminated 
milk. 

4.  Spirillum  of  relapsing  fever,  Spirillum  Obermeieri. — This  form  is 
an  active  spiral  bacterium  which  is  found  abundantly  in  the  blood  of 
persons  affected  with  relapsing  fever.  (See  Pig.  107.)  It  is  present 
only  during  the  acute  attacks,  disappearing  in  the  interval,  to  return 
when  the  relapse  occurs.  It  is  readily 
stained  by  ordinary  watery  solutions  of 
the  aniline  dyes.  The  disease  has  been 
communicated  to  man  and  to  apes  by 
the  inoculation  of  blood  containing  the 


Fig.  107. — Blood  from  case  of  relapsing 
fever,  showing  corpuscles  and  spirillum 
Obermeieri.    x  750.  (Cahter.) 


spirilla.  The  spirillum  is  found  only  in 
the  blood,  and  Koch  has  observed  it  in 
the  blood  of  the  brain,  liver,  and  kidneys 
of  an  ape,  which  was  killed  during  the 
attack. 

These  spirilla  have  not  been  culti- 
vated artificially. 

5.  Bacillus  of  cholera.  Comma  bacillus.— The  observations  of  Koch 
have,  in  the  case  of  this  bacterium,  afforded  a  strong  basis  for  its  con- 
nection with  Asiatic  cholera. 

The  bacillus  is  a  short,  thickish  rod,  about  half  the  length  of  the 
tubercle  bacillus,  and  somewhat  broader.  It  is  curved  on  its  lona-  axis 
so  as  to  resemble  a  comma  (but  without  the  head  of  the  printed  comma). 
Sometimes  there  are  two,  end  to  end,  with  their  curves  in  opposite- 
directions,  so  as  to  resemble  the  letter  S.  They  sometimes  grow  into 
longer  spiral  threads,  from  which  they  have  been  ranked  as  spirilla. 
As  the  spirals  are  not  .single  cells,  but  made  up  of  rows  of  commas, 
this  conclu.sion  is  scarcely  warranted,  and  the  bacteria  may  still  be 
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retained  as  ciu'ved  bacilli.  The  bacilli  are  very  actively  mobile.  In 
cultures  an  appearance  has  been  observed  which  looks  like  foi'mation  of 
arthrospores,  but  as  no  permanent  condition  of  the  bacillus  is  known 
this  is  probably  not  so.  The  bacilli  are  readily  stained  by  watery  solu- 
tions of  the  aniline  dyes,  but  the  best  is  a  strong  watery  solution  of 
fuchsine.  They  require  longer  exposure  than  usual,  not  less  than  ten 
minutes  for  cover-glass  preparations  and  twenty-four  hours  for  sections. 
The  fluid  may  be  heated.  Gram's  method  is  not  available,  as  the 
bacilli  are  decolorized. 

Cultures  of  the  bacilli  in  gelatine  show  very  characteristic  appear- 
ances. The  growing  bacilli  liquefy  the  gelatine  slowly,  and  form 
typical  depressions  and  spaces  in  it.  They  also  grow  on  potato,  in 
milk,  and  even  in  water.  They  were  found  by  Koch  abundantly  in  the 
water  of  a  tank  in  India. 

Cholera  does  not  occur  in  animals,  but  Koch  has  succeeded  by  a 
special  method  in  inducing  the  bacilli  to  grow  in  the  intestinal  canal  of 
guinea-pigs.  In  order  to  this  he  overcomes  the  acidity  of  the  stomach 
by  an  alkaline  carbonate,  and  at  the  same  time  controls  the  peristaltic 
action  of  the  intestine  by  opium,  and  then  finds  that  cultures  introduced 
into  the  stomach  survive  and  propagate.  The  animal  dies  in  about  two 
days,  and  the  intestine  is  found  to  contain  large  quantities  of  fluid 
faeces  which  teem  with  comma  bacilli.  An  accidental  contamination  of 
one  of  Koch's  pupils  during  a  course  of  bacteriology  resulted  in  an 
attack  of  cholera,  thus  affording  a  proof  of  the  identity  of  the  bacillus. 

In  cases  of  Asiatic  cholera  Koch  has  always  found  the  comma  bacillus 
in  the  rice-water  evacuations  and  intestinal  contents.  The  mucous 
membrane  of  the  intestine  is  red  and  swollen,  especially  in  the  region 
above  the  ileo-ccecal  valve.  The  bacilli  are  present  not  only  in  the 
contents,  but  in  the  tubular  glands,  sometimes  penetrating  between  the 
epithelium  and  the  basement  membrane.  The  bacillus  does  not  pene- 
trate beyond  the  intestine,  but  it  apparently  produces  a  violent  poison, 
Avhich  irritates  the  intestine  and,  being  absorbed,  leads  to  weakening 
of  the  heart,  lowering  of  the  temperatiu'e,  muscular  cramps,  etc. 

The  bacillus  is  destroyed  by  drying,  and  is  apparently  transmitted  by 
means  of  water,  milk,  etc. 

Klein,  while  acknowledging  that  the  comma  bacillus  is  always  present  in  the  in- 
testine in  the  early  stages  of  cholera,  and  agreeing  in  the  opinion  that  it  is  an  im- 
portant diagnostic  guide,  holds  that  it  is  not  proved  to  be  the  cause  of  cholera.  (See 
Klein's  "Bacteria  in  Asiatic  Cholera,"  1889.) 

Other  comma  bacilli  have  been  described,  of  which  the  most  important  is  that  of 
Finkler  and  Prior,  who  obtained  it  in  cases  of  cholera  nostras.  The  individual 
bacilli  closely  resemble  those  of  Koch,  but  their  mode  of  growth  in  cultures  is  quite 
•distinctive.  These  bacilli  have  pathogenic  characters,  but  are  not  so  active  as  Koch's. 
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Daneke  has  obtained  a  comma  bacillus  from  old  cheese,  which  had  also  pathogenic 
cliaracters  in  guinea-pigs. 

6.  Bacillus  of  pneumonia. — Pneumonia  is  now  generally  recognized 
as  presenting  the  characters  of  a  disease  due  to  a  morbid  poison,  and 
observers  have  sought  for  a  special  form  of  bacterium  in  it.  It  cannot 
be  said  that  the  existence  of  such  a  form  has  been  absolutely- 
demonstrated,  but  there  are  two  candidates  for  the  position.  These 
are  the  "  Pneumococcus  "  of  Friedliinder,  and  the  "  Pneumoniacoccus  " 
of  Fraenkel,  both  of  which  although  called  cocci  are  really  bacilli. 

(a)  Friedlander's  Pneumococcus  is  a  rod-shaped  bacterium  which  is  sometimes  very- 
short  so  as  to  be  like  a  micrococcus,  but  sometimes  grows  to  a  considerable  length. 
It  has  the  pecuharity  that,  under  certain  circumstances  within  the  Uving  body,  the 
cell-membrane  sweUs  so  as  to  produce  a  capsule  around  the  bacterium.  This 
capsule  does  not  stain  by  the  ordinary  methods  and  the  result  is  that  the  bacteriimi 
is  sm-rounded  by  a  clear  halo.  There  may  be  one  or  more  cells  in  each  capsule.  A 
similar  capsule  has  been  observed  in  other  bacteria,  so  that  although  distinctive  it  is 
not  absolutely  so.    In  cultivations  outside  the  body  the  capsule  is  absent. 

The  capsule  is  not  always  visible  even  in  specimens  obtained  from  the  lung  or 
sputum.  It  is  best  displayed,  according  to  Friedliinder,  by  placing  sections  of  the 
lung  for  twenty -four  hours  in  a  solution  composed  of  fuchsine  (or  gentianviolet)  1 
part,  water  100,  alcohol  5.  After  this  they  are  rinsed  in  alcohol  and  then  placed 
for  a  couple  of  minutes  in  a  2  per  cent,  solution  of  acetic  acid,  and  afterwards 
treated  with  alcohol,  oil  of  cloves  and  Canada  balsam,  in  the  usual  way.  Gram's 
method  is  not  applicable  to  this  bacterium  as  it  decolorizes  in  the  process. 

When  cultivated  in  a  test  tube  in  nutrient  gelatine,  the  bacteria  grow  along  the 
needle  track,  especially  at  the  surface,  so  that  the  culture  has  the  shape  of  a  round 
headed  nail.    They  also  grow  readily  on  agar-agar  and  potato. 

Experiments  on  animals  with  these  bacteria  were  unsuccessful  in  the  case  of 
rabbits.  They  were  partially  successful  in  guinea-pigs  and  very  strildngly  so  in 
mice.  In  the  latter  an  emulsion  of  the  bacilli  was  injected  through  the  thoracic  wall 
into  the  lungs,  with  the  result  of  producing  a  violent  inflammation,  in  the  products 
■of  which  numerous  bacilli  were  found.  When  the  animals  were  made  to  inhale  the 
emulsion,  the  result  was  less  successful. 

The  relation  of  the  pneumococcus  to  pneumonia  is  still  matter  of  discussion  and 
its  significance  is  by  many  seriously  questioned.  On  the  one  hand  the  operation  by 
which  the  experiments  were  made  in  mice  is  a  very  serious  one  for  such  small 
animals,  and  on  the  other,  the  bacteria  are  not  infrequently  absent  from  the 
sputum  and  lungs  of  persons  affected  with  pneumonia. 

(6)  Fraenkel's  Pneumonia-coccus  is  a  short  bacillus,  which  apparently  does  not 
grow  into  long  rods.  It  is  commonly  in  twos,  end  to  end,  and  occasionally  forms 
■chains  of  five  or  six.  It  differs  from  Friedlander's  in  being  generally  shorter,  and 
in  never  forming  elongated  rods.  It  possesses  a  capsule  when  found  in  the  body, 
and  on  the  whole  closely  resembles  Friedlander's  pneumococcus,  although  behaving 
<lifferently  in  cultures  and  when  inoculated  in  animals.  It  is  also  strikingly 
different  from  Friedliinder's  in  respect  that  by  Gram's  method  it  is  readily 
demonstrated  while  the  other  is  not. 

These  bacteria  are  readily  cultivated  on  nutrient  media.    When  cultivated  in  a 
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test  tube  the  needle  track  shows  numerous  little  round  granules  like  those  of  the 
streptococcus  of  erysipelas. 

Experiment  shows  that  this  form  is  very  virulent  in  several  animals,  especially 
mice,  guinea-pigs,  and  rabbits.  If  the  bacteria  be  injected  under  the  skin  .of  a 
rabbit,  they  cause  an  acute  febrile  disease  resulting  in  death  in  twenty-four  to  forty - 
eight  hours.  The  bacilli  have  increased  enormously  in  the  blood  so  that  in  every 
organ  the  blood-vessels  contain  bacilli  with  their  capsules. 

This  bacillus  has  a  very  limited  existence  when  cultivated  outside  the  body,  so 
that  in  four  or  five  days  a  culture  in  agar-agar,  for  instance,  dies.  It  is  therefore 
almost  entirely  parasitic.  It  appears  also  that  in  cultures  it  rapidly  loses  its 
virulence,  and  does  so  the  sooner  if  the  culture  be  at  an  elevated  temperature. 

It  cannot  be  said  that  either  of  these  bacilli  yet  holds  the  field.  Fraenkel's 
form  seems  to  be  more  virulent  and  it  has  been  more  fully  investigated,  but  it  is  not 
known  in  what  proportion  of  cases  it  may  be  present.  It  is  not  improbable  that 
pneumonia  depends  on  several  different  bacteria  of  which  these  may  be  two. 

7.  Bacillus  of  diphtheria. — Diphtheria  presents  all  the  characters  of 
an  infective  disease  with  a  local  seat  and  also  extension  to  the  system 
generally.  Many  observers  have  sought  for  bacteria  both  in  the  local 
lesion  and  in  the  internal  organs,  but  the  results  cannot  yet  be  said  to- 
be  satisfactory.  Oertel  in  1871  described  a  micrococcus  which  he 
believed  to  be  the  cause  of  the  disease,  but  this  is  now  generally 
recognized  to  be  at  most  an  accidental  contamination.  More  recently 
Loeffler  has  described  a  bacillus,  for  which  he  does  not  claim  more 
than  a  probability  that  it  is  the  essential  diphtheritic  bacterium. 

Loefiaer's  bacillus  is  a  rod  about  the  same  length  as  the  tubercle  bacillus,  but 
about  twice  as  broad.  It  is  found  in  the  superficial  layers  of  the  exudation,  in 
groups,  and  does  not  penetrate  the  mucous  membrane.  It  is  not  mobile  and  has 
no  spores.  It  does  not  stain  well  with  the  ordinary  aniline  dyes,  but  with  Loeffler's 
alkaline  methylblue  solution  it  assumes  a  bright  blue  colour  while  the  rest  of  the 
structures  are  faintly  stained. 

The  bacillus  has  been  isolated  and  cultivated  on  nutrient  media.  It  grows  best  on 
blood-serum  prepared  in  a  special  way,  forming  a  thick  white  opaque  layer.  It  does- 
not  grow  on  potato. 

Inoculation  of  animals  has  succeeded  in  birds,  such  as  sparrows,  pigeons,  and 
hens,  and  also  in  rabbits  and  guinea-pigs.  Subcutaneous  inoculation  leads  to  local 
inflammation  followed  by  general  disturbance.  Introduction  into  the  trachea  pro- 
duced a  formation  of  false  membrane  as  in  diphtheria. 

This  seems  a  pathogenic  bacillus,  but  Loeffler  himself  questions  if  it  be  the  real 
one  of  diphtheria,  chiefly  on  the  ground  that  he  has  not  always  found  it  in 
that  disease,  and  •  that  when  applied  to  the  uninjured  mucous  membrane  it  has- 
no  effect. 

III.— BACTERIA  OF  SPECIFIC  NEWFORMATIONS. 
1.  Bacillus  of  tubercle.— The  great  frequency  of  tuberculosis  both  in 
man  and  animals  renders  the  discovery  of  the  bacterium  by  Koch  one 
of  the  most  importaiit  results  of  science  in  this  century.    The  merit  of" 
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this  discovery  is  the  greater  as  the  tubercular  bacillus  is  peciUiarly 
difficult  both  to  observe  in  its  usual  seats  and  to  cultivate. 

The  bacillus  is  a  thin,  rod-shaped  cell,  rather  shorter  than  the 
diameter  of  a  red  corpuscle.  It  is  often  slightly  curved  or  bent  at  an 
obtuse  angle.  The  bacilli  are  mostly  seen  singly,  but  occasionally  in 
pairs,  more  rarely  in  longer  threads.  They  do  not  possess  power  of 
movement.  They  usually  present  beads  (see  Fig.  52,  p.  198),  and  these 
have  been  generally  regarded  as  spores,  although  Crookshank  questions 
this  inference.  The  remarkable  persistence  of  the  tubercular  bacillus 
and  the  manner  in  which  it  retains  its  infective  powers  when  dried  or 
when  kept  in  putrid  fluids,  seem  to  indicate  that  there  must  be  some 
more  permanent  condition,  probably  the  spores  mentioned. 

The  staining  of  the  tubercular  bacillus  may  be  accompUshed  in  various  ways. 
The  material  to  be  stained'may  be  either  the  discharges  Jrom  tubercular  lesions 
or  the  tissues  affected  ^yith  tuberculosis.  Of  the  former  the  sputum  from 
phthisis  puhnonalis  is  most  frequently  the  subject  of  examination 

In  examining  sputum  it  is  important  to  choose  a  portion  which  has  aetuaUy 
come  from  the  lung,  and  not  merely  the  clothing  of  mucus  which  the  sputa  obtain 
rom  the  bronchial  mucous  glands.  A  portion  of  the  sputum  may  be  poured  into 
a  watch-glass  and  the  latter  placed  on  a  black  background.  In  the  midst  of  the 
sputum  will  be  found  yellow  rounded  masses  which  have  come  from  the  lungs 
A  smal  portion  of  one  of  these  should  be  separated  with  needles  and  placed  on  a 
cover-glass.  Another  cover-glass  is  placed  on  the  top  of  it  and  the  piece  of  sputum 
squeezed  between  the  two  till  it  forms  a  thin  film.  By  gliding  the  two  cover-glasses 
asunder  we  obtain  two  preparations,  each  consisting  of  a  thin  flhn  of  sputam. 
This  shou  d  be  dned  m  the  air  and  then  passed  through  the  flame  of  a  spirit  lamp 
three  or  four  times.    It  is  then  ready  to  be  stained. 

The  primary  staining  fluid  may  be  Ehrlich's  or  Ziehl-Neelsen's.  The  former 
consists  of  water  shaken  up  with  aniline  oil  (AniHne  oil  5,  water  100,  shake  for  some 
minutes,  then  filter  through  moistened  paper),  to  which  a  strong  alcohoUc  solution 
of  fuchsine-or  gentianviolet  is  added  (about  5  parts  to  the  100).  Ziehl-Neelsen's 
fluid  IS  simpler,  more  permanent,  and  acts  more  quickly.   It  consists  of  water  100,  crys- 

so/rorffw?    '^^^^^^  Thesputumorsectionisplacedinthe 
solutK^n  and  left,  in  the  case  of  Ehrlich's  fluid,  for  twelve  to  twenty-four  hours,  but 
he  time  may  be  curtailed  by  heating  the  solution  till  steam  is  seen  to  rise,  so  that 

quarter  o  half  an  hour  does  for  sputum,  and  an  hour  for  sections.  The  deeply  stained 
m  terial  is  then  trea  ed  with  nitric  acid  (1  to  4  of  water)  or  sulphuric  acid  (20  per  cent.) 
ti  1  It  has  lost  Its  colour  and  become  greenish  or  brownish.  It  is  then  washed  in  70 
per  cent  alcohol  (ordinary  methylated  spirit)  till  it  gives  off  no  more  colour.  It  may 
then  be  doub  e  stamed  with  Bismarck  brown  (in  the  case  of  gentianviolet)  or  methyl- 
tl  LlVl       ^  r..'""  ^  ^"'^  "^^'"^  modification  of  the  process  has 

r^-  -  &        f  "  7.  ^'^P^  ''''  ^f^--  ^^"^°ving  from  the 

^  ^Jhs  ne  solution  the  cover-glass  is  placed  at  once  in  Gabefs  solution,  consisting 

ext™  ?         ''f  ^  ''''  ^^^hylblue,  2.     In  this  solution  the  acil 

'  ^^'Ji'''''  ^"^"^        «^««Pt  the  bacilli,  while  the  blue  dye  stains  the 

structures  which  are  extracted  by  the  acid. 
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In  artificial  cultures  the  bacillus  is  very  slow  of  growth  and  difficult 
of  cultivation.  It  grows  scarcely  at  all  on  ordinary  nutrient  jelly,  and 
the  best  medium  is  solidified  blood  serum.  Nocard  has  recently 
introduced  a  medium  of  cultivation,  consisting  of  ordinary  bouillon  to 
which  is  added  glycerine  in  the  jDroportion  of  6  to  10  per  cent.,  and 
which  is  solidified  with  gelatine  or  gelose.  The  bacilli  require  for  their 
groAvth  a  temperature  above  30°  C.  and  under  42°,  and  the  best  is  near  the 
temperature  of  the  body,  namely,  37-5°.  In  about  ten  to  fourteen  days 
after  implantation  the  growth  first  appears  as  dry  whitish  scales,  which 
are  entirely  superficial.  Under  the  microscope  the  scales  are  seen  to  be 
composed  of  colonies  of  bacilli,  Avhich,  from  their  arrangement,  form 
curved  lines,  some  of  them  like  the  letter  S  (see  Fig.  108).  These 

bacilli  give  the  characteristic 
reactions  with  the  staining  fluids 
mentioned  above.  The  groAvth 
goes  on  for  three  or  four  weeks, 
and  remains  superficial  all  the 
time,  the  jelly  not  being  lique- 
fied. The  culture  may  be  pro- 
pagated through  many  genera- 
tions, the  bacilli  retaining  their 
morphological  and  pathogenic 
characters. 

Tuberculosis  is  producible  in 
animals  by  administering  either 
the  products  of  disease  (such 
as  dry  sputum  or  portions  of  caseous  structures)  or  the  results 
of  cultivations.  It  has  been  induced  by  inoculation  under  the  skin  or 
into  the  anterior  chamber  of  the  eye,  by  injection  into  the  serous 
cavities  or  into  the  veins,  by  inhalation  and  by  ingestion  with  the 
food.  Except  when  directly  introduced  into  the  blood,  there  is  first  a 
local  tuberculosis,  which. may  be  followed  by  a  generalization  of  the 
disease. 

In  man  the  bacilli  are  introduced  accidentally  by  inhalation,  by  the 
food,  or  by  inoculation.  When  they  attack  the  skin  thej^  produce 
lupus,  when  they  affect  the  lungs,  jjhtliisis  pulmonalis,  and  when  intro- 
duced with  the  food  they  may  aff'ect  the  intestinal  canal,  but  are 
frequently  carried  to  the  lymphatic  glands. 

In  multiplying  in  the  living  body  they  produce  the  residts  alre^y 
described  under  Tuberculosis,  but  as  these  results  are  produced  not 
directly  by  the  bacilli,  but  by  the  poison  evolved  by  them,  the  actual 
number  of  bacilli  is  not  always  in  proportion  to  the  eftects.    They  are 


Fig.  108.— Tubercular  bacilli,  forming  typical 
gi-owtbs.    X  700. 
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to  be  found  particularly  in  the  advancing  lesions,  and  they  arc  present 
especially  in  the  giant-cells,  but  also  in  other  cells  and  between  the 
cells. 

In  view  of  the  fact  that  the  tubercular  bacillus  is  an  obligate  parasite,  being 
only  with  difficulty  cultivated  under  special  arrangements,  it  will  be  obvious  that 
tuberculosis  can  only  be  produced  by  communication,  direct  or  indirect,  from  person 
to  person,  or  from  animal  to  animal.  If  the  parasite  could  be  got  rid  of  the  disease 
would  cease.  The  bacillus  is  abundantly  present  in  sputum,  urine,  pus,  etc.,  in 
persons  who  are  affected  with  the  various  forms  of  tuberculosis.  The  bacilli  thus 
set  free  are  scattered  over  the  world,  and  retain  their  powers  of  growth  when  they 
find  a  fitting  seat.  We  can  only  hope  to  stop  the  disease  by  a  system  of  isolation  of 
persons  affected,  coupled  with  disinfection  of  the  discharges.  The  fact  that  about 
a  seventh  of  the  deaths  in  the  community  are  due  to  tuberculosis  ought  surely  to 
justify  such  isolation,  with  which  indeed  the  efficient  treatment  of  the  disease 
would  be  combined.  The  isolation  of  lepers  has  not  improbably  had  a  good  deal  to 
do  with  the  disappearance  of  this  disease  from  most  parts  of  Europe. 

•2.  Bacillus  leprae,  Bacillus  of  leprosy.— This  form  of  bacterium  was 
first  observed  by  Hansen  in  Norway,  and  the  observation  confirmed 
by  JsTeisser.  It  is  a  rod  which  closely  resembles  the  tubercular  bacillus, 
and,  like  it,  is  motionless.  It  presents  clear  spots,  which  remain  un- 
coloured  when  the  bacillus  is  stained,  but  it  is  not  known  whether 
these  are  spores  or  not.  It  is  stained  by  the  same  process  as  the 
tubercular  bacillus,  but  takes  on  the  colour  more  readily,  and  it 
presents  the  important  difference  that  it  is  stained  by  ordinary  watery 
solutions  of  the  aniline  dyes,  especially  fuchsine  and  methylviolet. 

The  bacillus  is  found  in  all  cases  of  leprosy  in  the  lesions  in  the 
skin,  nerves,  and  elsewhere.  It  occurs  in  very  large  numbers,  so  that 
when  stained  by  Gram's  method  a  section  will  have  a  decided  blue 
colour  from  the  stained  bacilli  alone.  The  bacilli  are  in  cells,  and  so 
present  themselves  in  little  rounded  clumps  (see  Fig.  57,  p.  210). 

The  bacillus  has  not  been  cultivated  artificially,  but  Melcher  and 
Ortmann  have  succeeded  in  inoculating  the  anterior  chamber  of  the 
«ye  in  rabbits  with  pieces  from  a  freshly  excised  leprosy  nodule. 
Characteristic  newformations  appeared  in  almost  all  the  internal 
organs,  especially  the  coecum,  lymjAatic  glands,  spleen,  and  lungs.  In 
these  the  bacilli  were  abundantly  present. 

In  man  there  is  now  sufficient  evidence  of  direct  communication  of 
the  disease  from  one  person  to  another,  but  the  period  of  inoculation  is 
very  long  and  the  mode  of  communication  often  difficult  to  trace.  The 
bacilli  are  found  in  the  lesions,  which  affect  the  skin  and  the  nerves 
chiefly,  but  may  extend  to  almost  all  the  organs  of  the  body. 

3.  Bacillus  of  syphilis.— Lustgarten  has  described  a  bacillus  whose 
connection  with  syphilis  still  stands  in  need  of  proof.    He  has  found  it 
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in  the  secretions  and  in  the  tissues  affected  with  syphilis.  It  is  a  rod 
somewhat  resembling  the  tubercle  bacillus,  and  is  always  found  inside 
cells.  It  presents  peculiar  relations  to  staining  agents,  requiring  a 
complicated  treatment  with  gentianviolet,  permanganate  of  potassium^ 
and  sulphuric  acid. 

Giacomi  ("  Correspondenzbl.  f .  schweiz.  Aerzte,"  1885)  describes  a  simpler  method. 
A  cover-glass  preparation  or  section  is  placed  for  a  few  minutes  in  a  heated  f uchsine 
solution,  afterwards  washed  in  water  containing  a  few  drops  of  chloride  of  iron,  and 
then  decolorized  in  a  concentrated  solution  of  chloride  of  iron.  The  bacilli 
remain  red,  while  all  other  bacteria  are  decolorized. 

The  position  of  this  bacillus  is  very  doubtful,  on  the  one  hand  because  a  number 
of  observers  have  sought  for  it  in  vain  in  syphilitic  lesions,  and  on  the  other 
because  a  similar  bacillus  has  been  found  in  the  normal  praeputial  and  vulvar 
smegma. 

4.  Bacillus  mallei,  Bacillus  of  glanders. — This  form  is  abundantly 
present  in  the  lesions  of  glanders,  is  readily  cultivated,  and  easily 
communicated  to  animals. 

The  bacillus  is  a  rod  somewhat  like  the  tubercular  bacillus,  but 
slightly  thicker  and  shorter.  It  is  generally  slightly  curved,  and 
usually  single  or  in  pairs.  It  is  not  motile.  It  is  not  certain  that  it 
produces  spores,  but  it  preserves  its  virulence  in  the  dry  state  for 
months. 

The  bacillus  may  be  stained  with  the  ordinary  aniline  dyes,  especially  with 
fuchsine,  but  better  results  are  obtained  with  Loeifler's  methylblue.  Loeffter  alsO' 
gives  a  somewhat  complicated  method  which  yields  very  striking  results. 

The  bacilli  have  been  cultivated  on  nutrient  agar-agar  and  blood' 
serum,  where  they  give  a  whitish  or  yellow  cultiu'e.  On  potato  there 
is  a  very  characteristic  growth,  at  first  amber  coloiu-ed,  then  getting 
darker  in  colour  till  it  assumes  a  reddish  brown  or  red  tint.  A  tem- 
perature between  25°  and  42°  C.  is  necessary,  the  best  results  being 
obtained  between  30°  and  40°. 

Animals  are  readily  inoculated,  but  there  are  peculiar  difterences  in 
susceptibility.  As  the  disease  is  mainly  one  of  horses,  it  is  natural  tO' 
find  that  these  animals  and  asses  are  readily  affected.  Field  mice  and 
guinea-pigs  are  readily  affected,  but  white  mice,  house  mice,  pigs,  and 
cattle  are  hardly  affected.  There  is  always  a  local  action  at  the  jjoint 
of  inoculation,  from  which  there  may  be  a  gradual  extension,  but  not 
by  the  blood. 

In  man  an  accidental  inoculation  sometimes  occurs,  resulting  in; 
local  abscesses,  with  secondary  extension  to  the  mucous  membranes,, 
joints,  etc. 

A  remarkable  fact  is,  that  in  cultivating  the  bacillus,  it  gradually  loses^ 
its  infective  power,  so  that  in  the  fourth  or  fifth  generation  it  has  become; 
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so  harmless  that  it  is  necessary  to  inoculate  much  larger  quantities,  and 
the  effect  is  merely  local.  By  further  cultivation  the  loacilli  lose  their 
virulence.  We  may  infer  from  these  facts  that  the  bacillus  is  an  obli- 
gate parasite. 

5.  Actinomyces  or  Ray  fungus  has  usually  been  regarded  as  belong- 
ing to  the  fungi  proper,  but  recent  attempts  at  cultivation,  although  only 
partially  successful,  seem  rather  to  place  it  among  the  bacteria.  It  is 
said  that  cultures  have  been  successfully  carried  out  on  nutrient  gela- 
tine and  agar-agar,  the  best  results  being  obtained  at  a  temperature  of 
33°-37°  C.  The  cultures  showed  threads,  rods,  and  cocci,  the  ray  form 
being  regarded  as  only  occurring  when  the  soil  is  unsuitable  to  perfect 
growth.    (See  Fig.  61,  p.  215.) 

Besides  the  bacteria  described  above,  there  are  a  number  of  other  forms,  for  which 
pathogenic  characters  have  been  asserted,  but  in  regard  to  most  of  them  further 
proof  is  required  before  their  position  can  be  admitted.  Amongst  these  may  be 
mentioned  the  Bacillus  scarlatinae  of  Edington,  which  this  observer  believes  to  be  the 
cause  of  scarlet  fever,  the  bacillus  of  Ehinoscleroma  of  Priseh,  and  the  bacillus  of 
acne  contagiosa  of  Dieekerhoff  and  Grawitz. 

Micrococcus  tetragenus  is  a  bacterium  foimd  by  Koch  in  the  contents  of  tubercular 
cavities  in  the  lungs,  and  also  in  normal  sputum.  It  has  been  investigated  by 
Gaffky.  It  consists  of  round  cells,  which,  when  found  in  the  Living  body,  are 
arranged  in  fours,  each  group  having  a  clear  capsule  around  it.  These  groups  some- 
what resemble  sarcinte.  The  bacteria  have  been  cultivated  in  nutrient  media,  but 
they  lose  the  peculiar  arrangement.  They  have  been  used  for  inoculation  in  animals, 
and  are  violently  pathogenic  in  white  mice  and  guinea-pigs,  while  house  and  field 
mice  and  rabbits  are  insusceptible.  The  cocci  are  found  in  the  blood  and  tissues 
of  all  organs. 

SOME  PATHOGENIC  BACTERIA  IN  ANIMALS. 

A  number  of  pathogenic  bacteria  have  been  very  thoroughly  investigated  in 
animals,  and  of  some  of  these  a  brief  account  may  be  given. 

1.  Bacillus  of  septicaBmia  in  mice  was  described  by  Koch  in  his  very  important  work 
on  "  Traumatic  Infective  Diseases."  When  one,  or  at  most  two  drops  of  putrid  fluid 
are  moculated  in  a  house  mouse,  the  animal,  in  a  certain  proportion  of  cases  (about 
a  third)  becomes  ill  in  about  twenty-four  hours,  and  dies  in  two  or  three  days,  with 
symptoms  of  an  acute  specific  fever.  The  blood  is  then  found  loaded  with  small 
bacilli  (shown  in  Fig.  101,  p.  288),  many  of  which  are  in  the  leucocytes  of  the  blood.  The 
bacilli  are  very  small,  and  they  are  stained  by  the  ordinary  agents.  They  have  been 
cultivated  on  nutrient  media,  and  animals  have  been  infected  by  inoculation.  House 
mice  and  white  mice,  pigeons,  sparrows,  and  rabbits  are  susceptible,  but  it  is  peculiar 
that  field  mice,  although  so  like  house  mice,  are  not.  Fowls  and  guinea-pigs  are  also 
insusceptible.  In  rabbits  the  result  is  not  septicremia,  but  an  inflammation  of  the 
subcutaneous  tissue,  like  erysipelas. 

2.  Bacillus  of  fowl  cholera.— This  form  is  found  in  fowls  in  a  disease  which  presents 
some  features  in  common  with  human  cholera.  The  bacilli  consist  of  short,  thick 
rods,  which  stain  chiefly  at  the  ends,  so  that  they  may  be  mistaken  for  micrococci. 
They  have  been  cultivated  on  nutrient  gelatine  and  other  media,  and  animals  have 
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been  infected.  Besides  poultry,  geese,  pigeons,  sparrows,  mice,  and  rabbits  are 
susceptible  both  to  inoculation  and  to  ingestion  with  the  food.  The  result  is  a 
disease  characterized  by  weakness  and  toi-por,  which  deepens  into  death.  At  the 
acme  of  the  disease  a  fluid  evacuation  occurs  from  the  bowels,  which  contains 
numerous  bacilli.  Unlike  the  human  cholera  bacillus,  this  one  does  not  confine 
itself  to  the  intestine,  but  extends  to  the  blood  and  organs  generally. 

Pasteur  has  extracted  from  cultures  of  this  bacillus  a  substance  which  is  highly 
narcotic,  inducing  in  fowls  a  condition  of  somnolence  or  coma  like  that  of  the  disease. 
Pasteur  has  also  attenuated  the  virus  by  cultivating  it  for  some  time  with  exposure 
to  the  oxygen  of  the  air,  at  an  elevated  temj)erature. 

Allied  to  this  bacillus,  if  not  identical  ^fnth.  it,  is  the  Bacillus  of  rabbit  septicaemia. 

3.  Bacillus  of  swine  plague  or  Swine  typhoid  has  been  described  by  Klein.  The 
bacilli  are  like  those  of  fowl  cholera,  and  the  cultures  also  resemble-  them.  But  the 
bacilU  have  a  very  different  relation  to  animals.  Fowls,  pigeons,  and  guinea-pigs 
are  not  affected,  while  pigs,  mice,  and  rabbits  are.  The  inoculation  is  very  fatal  to 
pigs,  which  die  in  one  or  two  days.  The  bacilU  i^enetrate  to  the  blood  and  all  the 
organs. 

4.  Bacillus  of  swine  erysipelas  [Rothlmif,  Roget  du  j^orc)  has  been  investigated  by 
Loeffler  and  Schutz.  It  is  a  very  small  bacillus,  like  that  of  the  septicffimia  of  mice. 
It  has  been  cultivated  on  nutrient  media  and  thence  communicated  to  animals. 
Inoculation  is  successful  in  pigs,  rabbits,  pigeons,  house  and  white  mice,  while  fowls 
and  guinea-pigs  are  insusceptible.  Feeding  with  the  cultures  did  not  succeed,  even 
in  pigs,  although  the  disease  seems  to  be  spread  by  infection  of  the  food.  The 
disease,  whether  occurring  naturally  or  produced  by  inoculation,  is  characterized  by 
a  red  eruption  of  the  sldn,  which  is  not  painful  or  swollen.  There  are  also  signs  of 
progressive  weakness,  and  death  follows  in  one  or  two  days.  The  bacilli  are  found  in 
all  parts  of  the  body,  especially  the  lungs  and  spleen,  but  are  not  abimdant  in  the 
blood. 

Pasteur  produced  an  attenuation  of  the  activity  of  this  bacillus,  and  by  inoculation 
induced  a  mild  form  of  the  disease,  which  caused  an  immunity  from  the  unweakened 
form.  In  order  to  this  two  vaccinations  were  made,  first  with  a  very  weak  form 
(premier  vaccin),  and  then  twelve  days  after  with  a  much  stronger  (deuxi^me  vaccui). 

IV.— DISPOSAL  OF  BACTEPJA.     IMMUNITY.  PHAGOCYTES. 

In  what  has  gone  before  we  have  seen  that  while  there  are  many 
microbes  which  are  entirely  saprophj^tic,  the  truly  pathogenic  ones 
present  great  varieties  in  their  relations  to  different  lands  of  animals. 
It  may  be  said  that  all  animals  present  an  immunity  from  the  pure  sapro- 
phytes, and  that  animals  present  different  degrees  of  susceptibilitj-  and 
immunity  from  the  pathogenic  forms.  In  this  regard  we  may  distinguish 
a  natural  and  an  acquired  immunity. 

Natural  immunity  is,  to  a  large  extent,  matter  of  inheritance.  Sev- 
eral illustrations  of  this  have  been  furnished  in  the  section  on  Causation 
of  Disease  (see  pp.  21,  22).  It  may  be  stated  here  that  not  only  the 
species  of  an  animal,  but  the  race  and  the  family  characters  determine 
the  degree  of  susceptibility  to  the  pathogenic  forms.  It  has  alreadj-  been 
pointed  out  that  differences  of  race  and  amongst  individuals  depend  on 
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peculiarities  in  the  details  of  structure,  some  of  them  in  ajjpearance  very 
insignificant,  and  we  may  associate  the  varying  degrees  of  susceptibility 
Avith  such  fine  differences  in  structure  and  function. 

Acquired  immunity  is  induced  in  many  persons  by  the  occurrence 
of  an  attack  of  the  disease  itself  Thus  a  single  attack  of  small-pox 
generally  renders  a  person  insusceptible  to  a  further  attack,  and  the 
same  applies  to  most  of  the  specific  fevers,  although  not  to  all. 

Vaccination  is  an  instance  of  immunity  produced  by  the  induction  of 
a  modified  form  of  the  disease.  The  virus  of  vaccinia  is  equivalent  to 
an  attenuated  form  of  the  virus  of  small-pox. 

Pasteur  has  endeavoured  to  obtain  material  for  similar  protective 
inoculation,  or  vaccines,  of  various  forms  of  pathogenic  bacteria,  and,  as 
indicated  above,  he  has  succeeded  in  doing  so  in  the  case  of  anthrax, 
fowl  cholera,  and  swine  erysipelas.  In  the  case  of  anthrax,  this  is  done 
by  cultivating  the  bacillus  at  a  higher  temperature  than  usual,  and  in 
the  other  two  cases  by  prolonging  the  culture. 

Pasteur  has  applied  another  method  to  Hydrophobia.  Although  the 
bacterium  of  hydrophobia  has  not  been  discovered,  the  morbid  poison 
has  been  shown  to  be  present  in  the  central  nervous  system  of  animals 
affected  by  this  disease.  When  a  rabbit  has  become  affected  with 
hydrophobia  by  inoculation,  then  the  spinal  cord  may  be  used  for  pro- 
ducing the  disease  in  another  animal  by  inoculation.  Pasteur  has  found 
that  by  drying  the  cord  the  intensity  of  the  virus  may  be  diminished,  so 
that,  for  instance,  after  drying  for  fourteen  days,  the  inociilation  will 
produce  no  effect.  After  inoculation  with  a  virus  thus  attenuated,  others 
may  be  used  which  have  been  treated  for  a  shorter  time,  and  thus,  by  a 
series  of  inoculations,  we  reach  the  fresh  cord.  After  this  preliminary 
series  of  inoculations  the  fresh  cord,  which  othermse  is  extremely 
virulent,  produces  no  effect,  and  the  animal  is  absolutely  protected 
from  the  disease,  when  acquired  in  the  usual  way  by  the  bite  of  a 
rabid  animal. 

This  method  of  protective  treatment  has  been  applied  in  man,  and 
Pasteur  asserts  that  it  may  be  begun  after  the  person  has  been  bitten, 
and  yet  prevent  the  development  of  the  disease.  The  observations  of 
this  observer  have  been  confirmed  so  far  as  animals  are  concerned  by  an 
English  commission,  but  there  seems  still  to  be  some  doubt  as  regards 
the  protective  treatment. 

An  interesting  fact  in  regard  to  immunity  is  that,  to  a  certain  extent, 
an  acquired  immunity  may  bo  transmitted  by  inheritance.  This  at 
least  seems  to  be  one  explanation  of  the  fact  that  in  countries  where 
specific  fevers  are  prevalent  the  disease  is  milder  than  where  it  is  intro- 
duced for  the  first  time.    The  case  of  the  extraordinary  fatality  of 
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measles  in  the  Fiji  islands  may  be  cited  in  this  connection.  There  is 
also  an  interesting  series  of  facts  recorded  by  Grawitz  in  regard  to  small- 
pox. A  troupe  of  Esquimaux  visited  Berlin,  and  some  were  vaccinated 
with  ordinary  vaccine  lymph,  the  result  being  that  three  died  of  an  acute 
fever.  Shortly  afterwards  the  remainder  were  vaccinated  in  Paris,  and 
they  all  died  of  what  the  Parisian  physicians  called  severe  small-pox. 
Of  course  in  such  cases  there  may  be  racial  differences  of  susceptibility, 
which  comi)licate  the  problem. 

Causes  of  immunity. — From  what  has  gone  before  in  regard  especially 
to  natural  immunity,  it  will  appear  that  the  living  tissues  of  certain  races 
and  persons  are  more  able  to  resist  the  attacks  of  pathogenic  bacteria 
than  those  of  others.  This  apparently  depends  on  fine  differences  in 
the  reaction  of  the  tissues  to  the  morbific  agent. 

In  regard  to  acquired  immunity  the  problem  is  much  more  difficult. 
It  seems  strange  that  having  once  succumbed  to  a  certain  form  of  microbe, 
recovery  should  establish  a  kind  of  protection  against  further  attacks. 
Pasteur  has  suggested  that,  for  the  growth  of  each  form,  a  certain 
chemical  substance  is  necessary  in  the  blood  or  tissues,  and  that  as  this 
is  exhausted  by  the  first  attack  it  takes  some  time  before,  by  its  restora- 
tion, the  parasite  is  supplied  with  a  proper  pabulum.  But  there  are 
obvious  objections  to  this.  For  one  thing,  the  bacteria  may  be  cultivated 
out  of  the  body  in  the  veiy  blood  in  which  they  would  not  grow  inside 
the  body.  Such  an  explanation  breaks  down  entirely  when  we  deal 
with  natural  immunity.  We  have  cited,  for  example,  the  curious  fact 
that  while  ordinary  sheep  are  readily  inoculated  vdih  anthrax,  the 
Algerian  sheep  require  a  larger  dose.  There  must  be  something  very 
different  here  from  a  mere  absence  of  a  chemical  principle,  as,  when  the 
disease  is  established,  the  bacteria  find  suflScient  pabulum.  There  must 
be  here,  as  in  similar  cases,  a  special  power  of  resistance  in  the  living 
tissues,  so  that  the  bacteria  are  nullified  unless  they  attack  -\vith  greater 
force  than  usual. 

This  subject  has  been  greatly  elucidated  by  the  very  suggestive  ob- 
servations of  Metschnikoff  on  what  he  calls  the  Doctrine  of  the  phago- 
cytes. This  doctrine  has  received  considerable  support  from  the  labours 
of  this  author  and  of  others,  but,  although  pointing  in  the  direction  of 
a  true  explanation  of  the  facts  under  consideration,  it  cannot  be 
regarded  as  fully  established,  especially  in  some  of  its  details. 

Metschnikoff's  first  observations  were  made  by  the  introduction  of 
fungus  spores  into  the  transparent  bodies  of  a  form  of  daphne.  He 
found  that  when  small  quantities  of  spores  were  used,  the  amoeboid 
leucocytes  collecting  around  them,  took  them  into  their  substance, 
destroyed  their  power  of  germination,  and  finally  disintegrated  them, 
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while,  if  many  spores  were  introduced,  some  of  them  which  were  not 
taken  i;p  by  the  leucocytes,  germinated  and  grew  through  the  body. 

In  the  further  development  of  this  doctrine  Metschnikoff  recog- 
nizes a  difference  between  the  leucocytes  and  the  fixed  cells  of  the 
tissues.  Both  may  become  amoeboid  and  both  have  the  power  of 
taking  up  solid  particles  and  digesting  them.  In  view  of  this  power  he 
names  them  Phagocytes  (qbayetv  =  to  devour).  These  two  forms  of  cells 
present  different  reactions  to  the  various  bacteria,  and  for  the  sake  of 
distinction  the  leucocytes  which  have  divided  nuclei  arc  called  Micro- 
phags,  and  the  cells  derived  from  the  fixed  cells  of  the  tissues,  which 
are  larger  and  have  large  oval  nuclei,  are  Macrophags.  In  all  diseases 
of  this  class  there  is  liable  to  be  a  struggle  between  the  bacteria  and 
the  phagocytes,  whether  the  microphags  or  the  macrophags. 

As  an  illustration  of  this  we  may  cite,  in  the  first  place,  Metschni- 
koft''s  observations  on  Erysipelas.  As  we  have  seen,  in  this  disease  the 
streptococcus  erysipelatis  gets  into  the  lymphatics  and  multiplies  there. 
It  does  so  in  spite  of  the  presence  of  macrophags,  which  generally  show 
little  power  of  attacking  micrococci.  Then  ensues  the  inflammation 
accompanied  by  a  great  invasion  of  leucocytes  which,  as  microjAags, 
eat  up  the  micrococci.  The  latter  are  found  inside  the  cells  in  various 
stages  of  degeneration  ;  they  are  converted  into  irregular  granules  and 
digested.  The  leucocytes  are  not  only  capable  of  devouring  bacteria, 
but  any  animal  debris  may  be  digested  by  them.  Hence  they  play  an 
important  part  in  the  resolution  of  inflammations. 

Hess  has  also  experimented  mth  the  staphylococcus  pyogenes 
aureus.  He  introduced  cultures  of  it  into  the  cornea  of  rabbits,  and 
found  that  it  produces  an  acute  inflammation,  which  by  and  by 
subsides  and  healing  occurs.  In  this  case  the  leucocytes  take  up  the 
micrococci  and  make  them  disappear. 

This  same  author  has  made  some  observations  on  anthrax  which 
have  important  bearings  on  natural  immunity.  He  used  frogs  which, 
as  we  have  seen,  are  nearly  insusceptible  to  anthrax.  When  the  bacilli 
were  injected  into  the  blood  of  these  animals  they  were  rapidly  taken 
up  by  the  leucocytes,  so  that  in  a  few  hours  there  were  none  free.  The 
leucocytes  conveyed  the  bacteria  to  the  liver  and  spleen  where  they 
were  disposed  of  within  the  cells,  presenting  various  stages  of  degenera- 
tion. In  other  animals  it  was  found  that  the  number  of  bacilli  under- 
going disintegration  in  the  cells  in  the  spleen  was  in  inverse  proportion 
to  the  susceptibility  of  the  animal  to  anthrax.  That  is  to  say,  in 
susceptible  arnmals  the  leucocytes  are  unable  to  devour  the  bacilli,  and 
the  disease  progresses.  It  is  only  the  bacilli  in  the  leucocytes  which 
undergo  degenerative  changes,  those  free  in  the  blood  grow  freely. 
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Metschnikoff  has  investigated  the  relation  of  the  sj^irilla  in  relapsing 
fever  to  the  phagocytes.  The  leucocytes  in  the  general  circulation  do 
not  take  up  the  spirilla,  and  he  inferred  that  when  they  disappeared 
from  the  blood  they  must  be  devoured  by  the  macrophags  of  the 
splenic  pulp.  He  found,  hoM^ever,  that  although  they  are  disposed  of 
in  the  spleen  it  is  the  microphags  which  there  attack  them. 

This  author  has  also  made  observations  in  regard  to  the  tubercular 
bacillus.  He  has  experimented  in  a  small  kind  of  marmot  which  is 
little  susceptible  to  tuberculosis.  He  finds  after  inoculation  that  giant- 
cells  here,  as  in  other  animals,  take  up  the  bacilli.  There  is  then  a 
struggle  between  the  two  living  cells.  In  the  marmot  the  giant-cells 
usually  get  the  better  of  the  bacilli,  which  undergo  degenerative 
changes  till  they  are  converted  into  yellow  clumps  (yellow  degradation). 
If  the  bacilli  get  the  upper  hand  the  giant-cells  degenerate,  the  form  of 
degeneration  being  caseous  necrosis.  In  susceptible  animals,  such  as 
the  rabbit,  this  degeneration  of  the  giant-cells  is  very  marked,  but  the 
yellow  degradation  of  the  bacilli  also  occurs. 

Literature. — The  recent  literature  of  Bacteriology  is  of  enormous  extent,  as  may 
be  judged  from  the  fact  that  in  Crookshank's  book  it  occupies  59  pages.  The  works 
more  particularly  referred  to  by  the  author  are  given  here.  General  icorku — Cohn, 
Biol.  derPflanzen,  vol.  iii.,  1879;  Zopf,  Zur  Morphologic  der  Spaltpilzen,  1882  and 
1885  ;  De  Baby,  Vorlesungen  iiber  Bacteria,  1885,  and  Fungi,  mycetozoa  and  bacteria 
(transl.),  1887;  Hueppe,  Formen  der  Bacteria,  1886;  Kleix,  Micro-organisms  and 
disease,  3rd.  ed.,  1886 ;  Ceookshank,  Bacteriology,  2nd  ed.,  1887 ;  Woodhead  and 
Habe,  Pathological  Mycology,  1885 ;  Coenil  et  Babes,  Les  bact6ries,  1885 ;  Fraex- 
KEL,  Bakterienkunde,  1887.  Limits  of  temperature — Pictet  and  Young,  Comptes 
Eendus,  xcviii.,  p.  747;  Colemak  and  M'Kendeick,  Proc.  of  Boy.  Instit.,  1885. 
Ptomaines — Aitken,  Animal  alkaloids,  1887;  Beown,  Animal  alkaloids,  1887; 
Beunton,  On  disorders  of  digestion,  1886;  Beiegeb,  Ueber  Ptomaine,  1885,  and 
Untersuchungen,  1885.  Sarcinw  —  Lostobfee,  Wien.  Med.  Jahi'b.,  1871 ; 
Febeiee,  Brit.  Med.  Jour.,  i.,  1872;  FAiKENHEiM,  Arch.  f.  experiment.  Path.  u. 
Pharmac,  xix.,  1885.  Pathogenic  bacteria — ^Fbhleisen,  On  erysipelas,  Syd.  See. 
transl.,  1886  ;  Ogston,  Brit.  Med.  Jour,  i.,  1881 ;  Eosenbach,  Microorganismen  der 
Wundinfectionskrankheiten,  1884;  Gessaed,  De  la  pyocyanie  et  de  son  microbe, 
1882  ;  Neisseb,  Deutsch.  Med.  Wochenschr.,  1882  Btjmm,  Mikroorg.  d.  Gonorrhoe., 
1885 ;  BoLLiNGEE,  On  animal  poisons,  Ziemmssen's  EncycL,  vol.  iii.,  1875 ;  Koch, 
Milzbrandimpfung,  1882;  Chatjveau,  Comptes  Eendus,  xc.  to  xcvi. ;  Gaefky, 
Etiology  of  enteric  fever,  Syd.  Soe.  transl.,  1886;  Obeejieieb,  BerUn.  Klin. 
Wochenschr.,  1873 ;  Cabtee,  Lancet,  1879,  and  Spirillimi  fever  as  seen  in  Western 
India,  1882;  Koch,  Etiology  of  cholera,  Syd.  Soc.  trans.,  1886;  Fkiedlaendeb, 
Fortschr.  d.  Med.,  ii.,  1884;  Feaenkel,  Deutsch.  Med.  Woch.,  1886;  Loeffler 
(Diphtheria),  Syd.  Soc.  transl.,  1886;  Koch,  Etiol.  of  tuberc,  Syd.  Soc.  transl.,  1886; 
Neisseb,  Etiol.  of  leprosy,  Syd.  Soc.  transl.,  1886;  Lustgabten,  Med.  Jahrbiicher, 
1885;  LoEFiLEE  and  Schutz  (Glanders),  Syd.  Soc.  transl.,  1886;  Edington 
(Scarlet  fever),  Brit.  Med.  Jour.,  1887,  i.  1262  and  ii.  830;  Frisch  (Ehinoscleroma). 
Wien.  Med.  Wochenschr.,  1882 ;  Dieckehhoff  und  Grawitz  (Acne  contagiosa), 
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Virch.  Arch.,  1885,  cii. ;  Koch,  Traum.  Inf.  Disease,  Syd.  Soc.  transL,  1880.  Iw- 
tnunUy — Pasteuu,  numerous  papers  in  Conq^tes  Eendus  ;  Eeport  of  Commission  on 
Hydrophobia,  Brit.  Med.  Jour.,  ii.,  1887,  12  ;  Metschnikoff,  Virch.  Arch.,  ciii.,  cix., 
exiii. ;  Hess,  Virch.  Arch.,  cix.,  ex. 


B. — Parasitic  Fungi. 


The  fungi  proper  consist  of  cells  devoid  of  chlorophyll  and  occurring 
in  the  form  of  threads  (Eyphce)  and  round  or  oval  spores  (Conidia).  The 
fungi  are  divisible  into  two  classes,  the  moulds  or  filamentous  fungi  and 
the  yeasts  or  sprouting  fungi.  In  the  filamentous  fungi  the  threads  or 
hyphas  form  an  interwoven  network  which  constitutes  the  root  part  of 
the  fungus  and  is  called  the  Mycelium.  From  this  root  part  upright 
stems  arise,  under  favourable  circumstances,  which  bear  the  fructifica- 
tion. The  moulds  are  called,  from  the  presence  of  this  root  part  com- 
posed of  hyphse,  HyphomycetaB.  The  sprouting  fungi  consist  merely  of 
cells,  which  multiply  by  budding,  and  are  not  known  to  produce  a 
mycelium,  although  some  of  them  are  supposed  to  bear  spores.  It 
should  be  added  that  this  distinction  only  expresses  a  mode  of  growth, 
and  that  some  of  the  filamentous  fungi,  imder  certain  circumstances, 
grow  like  yeasts,  while 


the  sprouting  fungi  are 
believed  by  some  to  be 
only  a  particular  phase 
of  fungi  which  may  have 
in  other  phases  the 
characters  of  the  fila- 


109.- Formation  of  conidia  iu  submerged  portion  of 

mentous  forms.  In  Fig.  peniciiiium. 

109,  for  example,  we  have  a  portion  of  an  ordinary  filamentous  fungus 
(penicillium)  which  has  been  growing  submerged  in  a  nutrient  material. 
It  shows  a  mode  of  growth  approaching  to  that  of  the  sprouting  fungi. 


I.— THE  SPROUTING  FUNGI  OR  YEASTS. 

These  consist  of  oval  cells  which  contain  granules  and  frequently 
vacuoles.  They  grow  by  the  formation  of  buds  from  the  cells,  Avhich 
increase  in  size  and  then  separate  from  their  parents. 

Great  importance  attaches  to  the  sprouting  fungi  from  the  part  they 
play  in  fermentations,  as  they  present  in  this  respect  manj^  analogies 
with  the  bacteria.  The  proper  yeast  fungi;s  has  the  faculty,  in  its 
growth,  of  splitting  up  sugar  into  alcohol  and  carbonic  acid. 

The  sprouting  fungi  arc  essentially  saprophytic,  very  few  of  them 
even  occurring  as  occasional  parasites,  unless  we  include  the  fungus  of 
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thrush  as  belonging  to  this  ,  class.  The  proper  yeasts  are  included  in 
the  genus  saccharomyces  of  which  several  species  are  distinguished. 

Saccharomyces  cerevisisB  or  Torula  cerevisiee  is  the  common  yeast  plant.  Saccharo- 
myces ellipsoideus  is  the  fungus  concerned  in  the  fermentation  of  wine,  and  it  is 
foimd  in  all  sorts  of  fermenting  juices  of  fruits.  Saccharomyces  mycoderma  is  found 
in  the  scum  which  forms  on  fermenting  beer.  It  used  to  be  supposed  that  it  had  to 
do  with  the  development  of  acetic  acid  from  alcohol  and  hence  was  named  the 
vinegar  fungus,  but  this  action  is  probably  produced,  not  by  it,  but  by  a  bacterium. 

II.— FILAMENTOUS  FUNGI  OR  MOULDS. 

The  root  part  or  mycelium  of  these  fungi  consists,  as  we  have 

seen,  of  hyphse  or 
threads,  from  which 
may  grow  up  the  stems 
which  produce  the 
spores.  The  common 
moulds  belong,  for  the 
most  part,  to  three  gen- 
era, penicillium,  asper- 
gillus,  and  mucor.  The 
fructification  of  peni- 
0  H  cillium  is  characterized 

bytheformation,onthe 

Fig.  110. -Aerial  growth  of  penloiUium.  Summit  of  the  Stem,  of 

rows   of  spores  (see 

Fig.  110),  which,  from  their  brush-like  appearance,  suggest  a  pencils 
The  fructification  of  the  aspergillus  consists  of  spherical  heads. 

The  filamentous  fungi  are  mostly  pure  saprophytes,  and  some  of 
them,  while  usually  saprophytic,  become  occasionally  parasitic.  On  the 
other  hand,  there  are  some  which  are  only  known  as  parasites,  although 
they  may  have  also  a  saprophytic  existence.  These  are  confined  to  the 
skin  and  its  appendages. 

1.  Saprophytes  and  occasional  parasites.— In  the  common  moulds 
there  are  three  genera  which  are  frequently  represented,  namely,  Peni- 
cillium, Aspergillus,  and  Mucor,  and  of  these  the  aspergillus  is  the  only 
one  which  is  of  importance  as  an  occasional  parasite. 

Aspergillus  glauous  is  one  of  the  common  greyish  blue  moulds.  According  to  De 
Bary  it  is  not  a  true  aspergillus,  but  belongs  to  the  genus  Eurotium.  It  has  been 
described  as  occurring  as  a  parasite,  but  this  has  probably  been  a  mistake  for  one 
of  the  true  aspergilli.    It  does  not  grow  at  a  temperature  approaching  that  of  the  body. 

Aspergillus  fumigatus  forms  a  greenish  mould  with  a  granular  surface,  becoming 
grey  later  on.  It  grows  best  at  a  high  temperature,  and  its  spores  may,  after  intro- 
duction into  the  body  of  animals,  grow  there  (see  below). 
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Aspergillus  flavus  is  a  yellow  or  yellowish  green  mould,  while  Aspergillus  niger  has 
a  dark  brown  colour.  These  also  grow  at  the  temperature  of  the  body,  and  may 
become  parasitic. 

The  Aspergilli  have  been  introduced  by  experiment  into  the  bodies 
of  animals,  and  the  spores  of  some  of  them,  but  especially  A.  fumigatus 
and  flavus,  are  able  to  live  and  germinate  there.  They  do  not,  how- 
ever, like  the  bacteria,  multiply  in  the  body,  but  they  may  by  their 
growth  produce  destructive  eff'ects.  The  spores  carried  by  the  blood 
settle  in  certain  organs,  and  may  produce  lesions  not  unlike  metastatic 
abscesses.  In  a  paper  by  Grawitz,  for  example,  there  is  an  illustration 
showing  a  condition  of  the  kidney  closely  resembling  that  occixrring  in 


Fig  111.— Fungus  growth  in  kidney.  To  the  left  of  the  figure  the  kidney  tissue  has 
been  cleared  up  by  adding  solution  of  soda  so  as  to  bring  out  the  fungus  (aspergillus). 
J<at  drops  and  crystals  of  tyrosln  are  present,  but  no  spores.  (Grawitz.) 


pyaemia.  In  each  of  these  lesions  a  growing  fungus  is  found  (see  Fig. 
Ill),  which  is  causing  necrosis  and  inflammation  of  the  tissue,  but  is 
not  producing  spores. 
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Grawitz  believed  that  ordinary  mould  fungi  may,  by  cultivation,  be  so  altered  as 
to  possess  pathogenic  properties  such  as  those  just  mentioned,  but  subsequent 
observation  shows  that  it  is  only  the  aspergilli  which  have  these  powers,  and  that 
they  have  them  without  any  special  cultivation. 

No  similar  extension  of  the  aspergilli  to  internal  parts  has  been 
observed  in  man. 

Aspergilli  are  occasionally  found  growing  in  the  ear,  constituting  an 
Otomycosis.  They  occur  by  preference  on  the  tympanic  membrane  and 
inner  third  of  the  external  meatus,  but  when  the  drum  is  perforated 
they  may  extend  to  the  middle  ear.  The  fungus  does  not  apparently 
grow  unless  there  be  some  previous  disease  causing  a  breach  in  the 
ejoithelium,  and  they  do  not  penetrate  deeply  into  the  structures.  The 
forms  observed  have  been  chiefly  aspergillus  fumigatus,  flavus,  and 
niger,  but  other  kinds  have  been  found. 

Leber  has  also  observed  a  fungus  growing  on  the  cornea  of  a  man. 
It  was  an  aspergillus,  and  he  determined  by  experiment  that  it  was 
capable  of  growing  on  the  rabbit's  cornea. 

A  mycosis  of  the  Nasal  mucous  membrane  has  also  been  observed  : 
the  fungus  was  aspergillus  fumigatus. 

2.  Pathogenic  fungi.- — ^The  true  pathogenic  fungi  occur  on  the  siu'- 
face  of  the  body,  usually  attacking  the  epidermic  structures,  but  in 
some  cases  penetrating  more  deeply.  They  mostly  cause  lesions  of  the 
hairs  and  epidermis,  and  some  of  them  lead  to  inflammations  in  which 
the  true  sldn,  and,  it  may  be,  the  deeper  structures  are  concerned. 

Achorion  Schoenleinii  is  the  fungus  of  the  well-known  disease,  Favus. 
It  consists  almost  entirely  of  hyphte,  which  form  a  dense  network  of 
threads.  Conidia  spores  of  an  oval  shape  and  highly  refractive  are  also 
produced.  The  fungus  has  been  cultivated  on  nutrient  jellies,  but  it 
grows  best  on  blood  serum.  At  ordinary  temperatures  it  does  not 
grow  at  all,  requiring  a  temperature  of  about  84°  F.  Hence  it  is  pro- 
bably an  obligate  parasite. 

Favus  is  very  common  in  mice  and  cats,  and  it  is  probably  communi- 
cated from  them  to  man.  It  is  pecuKar  that  the  fungus  whose  regular 
seat  is  probably  the  moixse,  has  a  characteristic  smell  suggestive  of 
th'ese  animals. 

The  fungus  extends  into  the  hair  sheath  surrounding  the  bulb  and 
penetrating  into  the  shaft.  It  also  penetrates  to  the  deeper  layers  of 
the  epidermis  and  even  to  the  true  skin. 

Trichophyton  tonsurans  is  the  fungus  of  Ringworm,  and  of  the  corre- 
sponding diseases  of  the  body  and  beard,  namelj^,  tinea  circinata  and 
tinea  sycosis.  It  consists  of  hyphis  and  conidia  spores,  but  there  is  no 
proper  fructification.    It  has  been  cultivated  on  nutrient  media,  and 
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grows  best  on  blood  serum  at  a  temperature  of  84°  F.  The  cultures 
have,  by  inoculation,  produced  the  typical  lesions  of  tinea  circinata. 

The  fungus  grows  in  the  epidermis  and  penetrates  into  the  hair 
shaft  (see  Fig.  112).  It  also  irritates  the  true  skin,  producing  inflam- 
matory lesions. 


Fig.  112.— Hair  from  a  case  of  ringworm,  showing  fungus  penetrating  and  breaking  up 


Microsporon  furfur  is  the  fungus  of  Pityriasis  versicolor.  It  consists 
ot  ramified  hyphaj  and  spores,  which  occur  in  groups  almost  like  the 
fructification  of  penicillium. 

The  fungus  penetrates  very  little  into  the  epidermic  layers  and  pro- 
duces merely  a  desquamation  without  inflammation. 

Oidium  albicans  (also  called  Saccharomyces  albicans)  is  the  fungus 
of  Thrush.    It  is  by  some  regarded  as  belonging  to  the  sprouting  fungi, 
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although  it  undoubtedly  produces  long  threads  or  hyphse.  It  is  in  the 
form  of  branching  threads,  and  of  conidia,  which  lie  in  groups.  It  has 
been  cultivated,  and  is  said  to  have  the  power  of  fermenting  sugar. 

The  fungus  grows  amongst  the  eiDithelium  of  the  mouth,  forming, 
with  the  epithelium,  a  soft  whitish  membrane  (see  Fig.  113).    This  is 

the  so-called  aphthous 
condition  which  some- 
times occurs  in  un- 
healthy children  and 
even  in  adults.  It 
may  extend  to  the 
oesophagus,  stomach, 
and  intestine,  and  to 
the  air  passages.  It  is 
said  to  be  capable  of 
inoculation  on  the 
mucous  membrane  of 
the  vagina.  Zenker 
and  Wagner  have  de- 
scribed cases  in  which 

Fig.  113. — Oidium  albicans,  from  the  mouth  in  a  case  o£  thrash.    ■,        n  it 

(KucHRNMEisTER.)  the  iiHigus   had  ex- 

tended to  the  blood  and  caused  embolism  in  the  brain. 

Chionyphe  Carteri  is  a  fungus  found  in  the  madura  foot,  but  its 
exact  botanical  position  is  not  determined.  The  fungus,  according  to 
Carter,  penetrates  into  the  substance  of  the  foot,  producing  canals  and 
cavities  among  the  soft  structures  and  the  bones,  and  giving  rise  to 
severe  inflammations.  In  the  cavities  and  canals  are  masses  of  fungi  of 
a  blackish  colour  and  forming  frequent  balls.  The  canals  open  exter- 
nally and  discharge  a  foetid  pus  containing  spores  and  threads  of  the 
fungus.  There  is  great  thickening  and  an  appearance  resembling  that 
of  scrofulou.s  disease,  and  the  condition  is  a  chronic  one  for  which 
amputation  must  frequently  be  performed.  Doubts  exist  as  to  the 
actual  connection  of  the  fungus  with  the  disease,  and  further  investiga- 
tion is  required  (see  especially  Lewis). 

Literature. — De  Baby,  Fungi,  mycetozoa  and  bacteria,  1887.  Aspergillns,  etc. — 
Geohk,  Berl.  Klin.  Wochenschr.,  1870 ;  Grawitz,  Vircb.  Arch.,  Ixxxi. ;  Lichtheiji, 
Zeitschr.  f.  Klin.  Med.,  vii.;  Cassells  (Aspergillus  in  ear,  with  literature),  Glasg. 
Med.  Jour.,  1875,  vii.  34;  Leber,  Berl.  Klin.  Wochenschr.,  1882;  Schubert, 
Deutsch.  Arch.  f.  Klin.  Med.,  xxxvi. ;  Cartek  Mycetoma  or  the  fungus  dis.  of  India 
(with  coloured  plates),  1874 ;  Lewis  and  Cunningham,  Fungus  dis.  of  India,  1875 ; 
included  also  in  Lewis's  Physiol,  and  pathol.  researches,  1888 ;  Moxon  and  Hogg, 
Path,  trans.,  1869,  p.  411 ;  Eisenbebg,  Bakteriolog.  Diagnostik,  1888. 
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SECTION  XI. 

ANIMAL  PARASITES. 

I.  Entozoa  or  Internal  Parasites,  thdr  general  characters  and  effects.  1. 
Protozoa.  2.  Trematoda  or  Flukes,  chiefly  Distoma  hepaticum,  sinense,  and 
hcematobium.  3.  Cestoda  or  tape-worms.  Taenia  solium,  structv,re  and  develop- 
ment ;  Cysticercus  cellulossas,  its  scolex  form.  Tcenia  mediocanellala.  Taenia 
echinococcus,  forming  hydatids  ;  its  cysts,  hrood-capsiiles,  heads,  and  chitinous 
membrane.  Bothriocephalus  latus.  Other  rare  tajie-worms.  4.  Ne.matoda  or 
Round-worms.  Trichina  spiralis,  its  embryonic  and  aditlt  forms  :  effects  of 
migrations.  Ascaris  lumbricoides.  Oxyuris  vermicularis.  Trichocephalus 
dispar.  Dochmius  duodenalis.  Filaria  medinensis.  Filaria  sanguinis,  its 
periodicity  in  the  blood  ;  relation  to  chylous  urine,  and  lymph-scrotum.  II. 
Epizoa  or  External  Parasites.  1.  J rachnidce,  chiefly  Acarus  scabiei  and 
PentastomiLWj  denticulatum.  2.  Insecta,  chiefly  Pedictdi  and  Pulex  irritans. 
LarvcB  of  insects  in  wounds,  shin,  and  bowels. 

I.— ENTOZOA  OR  INTERNAL  PARASITES. 

rriHE  Animal  Parasites  are  divisible  into  two  groups  according  as 
they  live  inside  the  body  fthe  Rntozoa).  or  on  the  surface  (the 
Epizoa).  The  Entozoa  are  nearly  all  included  among  the  worms,  and 
are  met  with  in  the  alimentary  canal  and  in  the  tissues.  The  indi- 
vidual by  whom  the  parasite  is  accommodated  is  called  its  Host. 

All  these  parasites  belong  to  the  lower  classes  of  the  animal 
kingdom,  and  they  mostly  exist  in  two  different  active  states,  which 
may  be  compared  to  the  larval  and  free  states  of  insects.  There  is  on 
the  one  hand  the  sexually  mature  animaL  and  on  the  other  hand  the 
embjjjp.  Thie  former  has  usually  a  more  or  less  fixed  habitation, 
but  the  latter  generally  shows  considerable  powers  of  migration, 
often  inside  the  tissues  of  living  animals.  When  the  mature  parasite 
produces  its  eggs  these  nearly  always  pass  away  from  the  locality  in 
which  the  parent  is,  and  are  frequently  discharged  from  the  animal  in 
which  the  parasite  lives.  The  embryo  then  undergoes  a  period 
of^isn-ation.  which  may  be  partly  in  the  external  world,  but  is 
chiefly  in  the  living  body  of  a  higher  animal.  This  stage  of  migration 
IS  mostly  succeeded  by  a  period  of  rest,  in  which  the  embryo  becomes 
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quiescent,  and  this  is  usually  in  the  tissues  of  the  animal  in  which  it 
has  been  wandering.  In  this  quiescent  state  it  becomes  surrounded  by 
a  cyst  or  capsule.  The  parasite  may  awaken  from  this  state  of  rest  if 
it  or  its  host  be  eaten  by  another  animal.  The  embryo,  having  thus 
been  carried  into  another  animal,  may  undergo  development  into  the 
sexually  mature  adult,  which  in  the  majority  of  cases  has  its  seat  in 
the  alimentary  canal. 

It  will  be  seen  that  the  entozoa  have  two  distinct  phases  of  de- 
velopment, in  both  of  which  they  are  parasitic,  although  the  ova  and 
embryoes  may  for  a  time  be  free.  The  embryonic  or  immature  form 
frequently  differs  greatly  in  its  size  and  form,  and  nearly  always  in  its 
locality,  from  the  mature,  and  in  many  cases  it  has  been  a  matter  of 
great  research  to  trace  the  connection.  The  adult  and  embryonic 
periods  are  rarely  passed  in  the  same  individual  host,  and  it  is  not 
uncommon  to  find  that  the  adult  inhabits  one  species  of  animal  and  the 
mature  worm  another.  V^^Vi'-k,, 

The  effects  of  parasites  vary  greatly.  All  of  them  live  at  the 
expense  of  the  host,  and  may  do  harm  by  consuming  its  available 
material.  Most  adult  parasites  live  in  the  intestinal  canal,  and  use 
the  juices  there  for  nourishment.  But  this  is  generally  of  slight 
importance.  The  embryonic  forms  usually  produce  much  more 
considerable  disturbances.  They  do  so  in  part  by  their  migrations. 
In  moving  amongst  the  tissues  they  may  disturb  the  living  structures, 
and  they  will  leave  canals  or  tracts,  which  become  occupied  by  new- 
formed  connective  tissue.  In  important  organs  like  the  brain  this  may 
lead  to  serious  damage.  Then,  when  they  come  to  rest,  they  may 
grow  to  considerable  dimensions,  forming  cysts  around  themselves, 
and  these  by  their  mere  bulk  may  affect  the  tissues. 

Animal  parasites  in  general  are  much  more  common  in  the  lower  ani- 
mals than  in  man.  It  is  interesting  to  observe  that  in  nearly  all  cases  each 
parasite  has  its  own  particular  species  of.  animals  for  its  host,  and  this 
applies  both  to  the  mature  and  embryonic  stages.  It  may  be  said, 
indeed,  that  each  species  of  animal  has  its  own  special  representative 
parasites,  and  when  a  parasite  of  one  species  of  animal  strays  into 
another  then  it  usually  dies  very  soon.  As  a  general  rule,  also,  the 
adult  and  embryonic  forms  occur  in  different  species  of  animals,  so  that 
the  mature  worm  is  attached  to  one  species  and  the  embryo  to  another. 
The  number  of  parasites,  if  we  take  in  the  Avhole  animal  kingdom,  is 
thus  enormous,  and  their  relationships  very  complicated. 

1.  Protozoa. — These  lowest  animals  are  very  minute  in  size,  and 
unless  they  be  jjresent  in  large  numbers  can  scarcely  be  detected. 
The  Amoeba,  which  belongs  to  the  class  of  Rhizopoda,  is  a  naked, 
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almost  structureless  contractile  body.  They  have  been  observed  in  the 
intestine  and  feces,  and  were  supposed  to  have  caused  dysenteric 
inflammation  (see  Levxckart). 

The  Gregarine,  a  form  of  the  Sporozoa,  has  also  little  structure,  but 
is  covered  by  a  cuticle.  It  is  parasitic  so  far  as  is  known  only  in 
invertebrates. 

Coccidia  also  belong  to  the  Sporozoa,  and  are  more  interesting,  as 
they  cause  definite  disease  in  animals  and  man.  They  consist  of  oval 
bodies  with  capsules.  They  are  very  common  in  the  liver  of  the 
rabbit,  where  they  form  whitish  nodules,  which  grow  to  the  size  of  a 
hazel  nut,  and  may  lead  by  anaemia,  etc.,  to  the  death  of  the  animal. 
On  section  of  the  nodules  a  cheesy  or  purulent  mass  exudes,  in  which, 
besides  debris,  there  are  innumerable  oval  bodies.  In  a  few  cases  the 
liver  in  man  has  been  the  seat  of  this  parasite.  In  a  case  by  Gubler 
there  were  in  the  liver  about  twenty  tumours  of  cancerous  appearance, 
and  most  of  them  the  size  of  a  chestmit,  but  some  as  big  as  an  egg. 
The  death  of  the  patient  was  from  peritonitis. 

Meischer's  or  Rainey's  tubes  are  elongated  granular  bodies  found  in 
the  muscular  substance  of  animals.  They  are  supposed  to  be  parasitic 
protozoa,  but  their  nature  is  very  obscure.  Although  found  in  many 
different  animals,  sometimes  in  large  numbers,  they  have  not  been 
observed  in  man. 

2.  Trematoda. — We  have  here  an  order  of  flat-worms  of  a  more  or 
less  oval  shape,  and  many  of  them  somewhat  in  the  form  of  a  leaf.  They 
possess,  on  the  ventral  surface,  one  or  more  sucking  discs  by  which 
they  attach  themselves.  They  have  only  one  opening  of  the  alimen- 
tary canal  which  is  generally  forked.  These  worms  are  commonly 
called  Flukes  from  the  resemblance  in  shape  of  the  commonest  of  them 
to  the  fish  of  that  name.  The  various  forms  inhabit  the  bile  ducts, 
except  the  Distoma  hfematobium,  which  is  found  in  the  veins  of  the 
portal  system. 

Distoma  hepaticum. — This  is  the  commonest  worm  of  this  order*  As  the  name 
implies,  it  is  met  with  in  the  liver,  where  it  inhabits  the  bile  ducts.  The  liver 
fluke  is  generally  about  an  inch  in  length  (Fig.  114)  and  rather  more  than  half  an 
inch  in  greatest  breadth.  The  body  is  very  flat,  and  anteriorly  it  ends  in  an 
elongated  process,  forming  a  kind  of  head.  This  head  bears  the  rnouth,  and  a 
short  distance  behind  it  comes  the  sucking  disc.  Between  these  lies  the  open- 
ing of  the  sexual  apparatus,  both  male  and  female  organs  existing  in  each 
individual.  The  uterus  forms  a  convoluted  tube  behind  the  sexual  opening,  and 
the  seminal  tubules  lie  still  further  back.  This  parasite  is  very  common  in 
certam  of  the  lower  animals,  especially  sheep.  It  occurs  in  enormous  numbers,  in 
the  bile  ducts,  which  are  dilated  by  it.  As  many  as  1,000  have  been  obtained  from 
a  single  sheep.    It  produces  in  sheep  the  disease  called  commonly  the  rot,  which 
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in  some  years  is  very  fatal.  It  is  said  that  in  1830-31  between  one  and  two  million 
sheep  perished  from  it.  It  occurs  also  in  oxen,  where  it  produces 
more  considerable  alterations  of  the  ducts.  These  become  greatly 
dilated,  thickened  by  inflammation,  and  incrusted  with  lime.  It 
sometimes  happens  that  masses  of  inspissated  bile  and  lime  salts 
form  in  the  liver  where  the  flulces  are  present.  It  is  probable  that 
in  these  eases  many  of  the  parasites  have  died  and  become  them- 
selves the  seat  of  incrustation.  This  fluke  has  also  been  met  with  in 
horses  and  asses,  and  in  some  rare  cases  in  man.  In  man  it  has 
not  been  observed  in  large  numbers,  but  it  may  produce  serious 
obstruction  of  the  bile  ducts. 

The  eggs  of  this  parasite  are   small  oval   bodies,   which,  in 
water,  develop  into  embryoes  which  swim  about  by  the  aid  of  cilia. 
tomfhepatk?m!  development  is  unknown,  and  also  the  fonn  in 

(Leuckart.)      which  they  pass  into  the  animal  which  becomes  the  host  of  the  adult. 

Distoma  sinense.— This  parasite  has  been  met  -with  in  the  East,  and 
described  by  M'Connell  in  the  Lancet  in  1875,  and  independently  by 
Macgregor  in  the  Glasgow  Medical  Journal  in  1877.  Although  a  much 
smaller  worm  it  is  of  a  more  elongated  shape  than  the  distoma  hepati- 
cum,  as  will  be  seen  from  Fig.  115.  It  is  rather 
more  than  half  an  inch  in  length,  and  about  an 
eighth  of  an  inch  in  greatest  breadth.  When  seen 
in  the  bile  in  the  fresh  state,  the  edges  show  a 
beautiful  delicate  green  colour,  tinged  with  yellow, 
while  the  centre  is  of  a  deep  brown.  In  the  accom- 
panying figure  the  position  and  appearances  of  the 
various  organs  are  indicated.  The  eggs  are  very 
small,  and  each  animal  possesses  thousands. 

This  parasite  has  only  hitherto  been  observed  in  man,  and 
is  found  in  very  large  numbers— not  less  than  500,  probably 
more— in  the  ducts  of  the  Uver  and  in  the  gall  bladder.  In 
Dr.  Macgregor's  cases  the  persons  affected  \vith  the  parasites 
were  Chinese,  and  they  were  the  victims  of  a  peculiar 
paralysis  of  the  legs  and  arms.  Dr.  M'Connell's  case  was 
also  in  a  Chinaman. 

Distoma  lanceolatum.— This  form  of  fluke  is  less 
than  three-eighths  of  an  inch  in  length,  and  about 
the  fifteenth  of  an  inch  in  breadth.  It  is  seldom 
seen  in  man,  and  occurs  in  comparatively  small 
numbers  in  sheep  and  cattle,  j^roducing  little  dis- 
tui'bance. 

Distoma  hsematobium. — This  parasite,  also  called 
the  Bilharzia  hajmatobia,  has  the  male  and  female 
organs  in  different  individuals.    The  male  is  about 
half  an  inch  in  length,  and  flat,  but  rolled  up  at  the  edges,  especially 


Fig. 


Distoma  si- 


nense, a,  resopliagus  and 
stomacli  tubes ;  b,  uterus ; 
c,  yolk  glands  ;  d,  ovary  ; 
e,  testes  ;  /,  termination 
of  water  vascular  system. 
X  5.  (After  MAcaREGoii.) 
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behind,  so  as  to  form  a  kind  of  gutter  in  which  the  female  lodges. 
The  female  is  about  a  half  longer,  but  filiform.  The  eggs  are  small 
and  furnished  with  a  spine  at  the  end  or  at  the  side. 

The  parasite  inhabits  the  blood-vessels  of  its  host,  chiefly  the  portal 
vein,  the  splenic  and  mesenteric  veins,  and  those  of  the  rectum  and 
bladder.  The  penetration  of  the  eggs  in  large  numbers  into  the 
mucous  membrane  of  the  rectum  and  urinary  bladder  produces  great 
irritation,  and  frequently  hjemorrhage.  Similar  irritation  may  be  pro- 
duced in  the  pelvis  of  the  kidney  and  ureters.  This  parasite  is  met 
with  almost  solely  in  Egypt  and  Abyssinia,  and  it  is  said  that  in  Egypt 
about  half  the  natives  are  victims  of  it. 

3.  Cestoda  or  Tape-worms.- — These  are  in  the  mature  state  long 
flat  worms,  -without  mouth,  or  alimentary  canal.  Anteriorly  there  is  a 
head  furnished  with  some  apparatus  for  attaching  itself  to  the  host. 
Behind  the  head  and  neck  the  worm  forms  a  series  of  segments  called 
Proglottides,  each  of  which  develops  a  bi-sexual  apparatus,  and  is,  so 
far,  a  complete  individual.  The  adult  worm  or  Strobiius  is  therefore  a 
colony  of  individuals.  The  worm  inhabits  the  alimentary  canal  and 
apparentl}?^  occurs  only  in  vertebrate  animals.  Besides  this  adult  form 
there  is  an  intermediate  immatm-e  form,  called  the  Scolex,  which, 
occurs  in  the  tissues  of  animals.  The  scolex  has  a  head  like  that  of 
the  mature  worm,  and  generally  possesses  a  sac 
or  cyst  into  which  it  can  retire. 

There  are  representatives  of  two  families  of 
this  parasite  met  with  in  man,  namely,  Ttenia 
and  Bothriocephalus. 

Taenia  solium. — This  form  is  of  very  common 
occurrence  in  this  country.  The  strobiius  or 
mature  worm  occurs  in  the  alimentary  canal, 
and  the  head  is  usually  situated  in  the  duo- 
denum or  upper  part  of  the  jejunum,  while  the 
rest  of  the  animal  extends  downwards  in  the 
canal,  attaining  on  an  average  a  length  of  from 
ten  to  twelve  feet.  As  already  mentioned,  this, 
like  other  tape-worms,  has  no  alimentary  canal, 
and  supports  itself  by  imbibition  of  nutritious 
material  from  the  intestine. 

The  head  of  the  worm,  which  is  represented    Fig.  iic— Head  of  t.  solium, 
in  Fig.  116,  is  about  the  size  of  a  pin's  head,  ^ ^^'^""'^^^'^■^ 
and  of  a  generally  rounded  form.    In  front  it  is  prolonged  so  as  to 
form  a  proboscis  or  rostellum,  which  is  surrounded  by  a  circle  of 
twenty-six  booklets.    The  wide  part  of  the  head  has  four  large  sucking 
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discs.  Oh  the  head  follows  a  narrow  neck,  which  is  so  thin  that  it 
readily  breaks  when  the  worm  is  handled,  rendering  it  difficult  to 
^  obtain  the  small  head.    The  proper  neck  is  about  half 

an  inch  in  length,  and  it  gradually  merges  in  the 
anterior  part  of  the  body  in  which  fine  transverse 
lines  begin  to  appear  as  the  first  indications  of  the 
formation  of  segments.  On  passing  down,  the  worm 
increases  in  breadth,  while  the  segments  elongate  and 
become  more  completely  divided.  At  first  the  segments 
or  proglottides  are  homogeneous  in  appearance,  but  by 
and  by  the  sexual  apparatus  begins  to  appear.  The 
total  number  of  segments  in  a  worm  ten  feet  in  length 
is  about  800.  The  sexual  apparatus  begins  to  appear 
about  the  200th  segment  from  the  front,  and  is  mature 
about  the  450th;  it  consists  of  the  male  and  female 
organs  which  are  present  in  each  segment.  In  the  fully 
matured  segment  the  ova  are  visible,  and  when  a  pro- 
glottis is  dried  on  a  glass  slide  they  indicate  the  form  of 
the  uterus,  which  in  this  tape-worm  consists  of  a  central 


Fig.  117.— Two 
ripe  proglottides 

of  T.  solium,  with  -■  -  -.  

IhZf'^xT'^''  ^^^^^^        ramifying  lateral  branches  to  the  number  of 
(Ledokaet.)      seven  to  ten  (see  Fig.  117). 


The  male  organs  consist  of  a  large  number  of  vesicles  scattered  throughout  the 
segment,  as  shown  in  Fig.  118,  but  more  abundant  anteriorly,  as  the  female  organs 

occupy  the  space  behind.  The  vesicles  are 
connected  with  fine  seminal  tubules  which 
are  difiicult  to  make  out,  and  are  shown  in 
the  figure  as  fine  branching  lines.  These 
end  in  a  shghtly  convoluted  tube,  the  vas 
deferens,  which  is  generally  very  distinct, 
and  this  passes  across  the  segment  to  the 
papilla,  a  slight  projection  at  the  side  of  the 
segment  into  which  the  male  and  female 
sexual  organs  open.  At  the  papilla  the  vas 
deferens  ends  in  a  projectile  penis  which  is 
s/o^^inflelual''^^^^^^^^  ''^P^^e  of  passing  into  the  extremity  of  the 

scattered  throughout  are  the  male  oi-gans.    female  organ,  the  firet  part  of  which  is 
The  other  structures  shown  are  seminal    pallpfl  tlio  vDr,;r,D 
tubes,  vagina,  globular  body,  yolk  body,  vagma. 

(LetokIct^  ""'"■'""-'^^'^  >«^*'.      The  vagina  foi-ms  a  cdn&l  which -passes 

. .  transversely  across  the  segment  towards 

the.  middle  line  and  tends  also  backwards,  to  end  iu'a  somewhat  globular  dilatation, 
sometiineg. called  the  Globular  body.  The  connections  of  this  body  are  difficult  to 
make  out,  but  they  may  be  stated  as  follows,  and  understood  by  the  annexed  Figs, 
lia-  and  1I9.  In  the  posterior  part  of  the  segment  as  sho%ra  in  Fig.  118  are  seen 
on  eithel-  side  *he  comparatively  large  ovaries,  forming  tree-Uke  expansions,  consist- 
ing of  a  congeries  of  closed  tubes.    The  ovaries  have  ducts  which  pass  'into  the 
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globular  body.  Behind  the  ovaries  and  the  globular  body  is  the  yolk  gland  which 
is  of  a  somewhat  pyramidal  shape  and  spread  out  laterally.  This  also  com- 
municates with  the  globular  body  in  front  of  it.  Besides  these  communications  the 
globular  body,  which  is  thus  the  central  part  of  the  female  organs,  communicates 
with  the  uterus  in  front.  At  this  period  of  development  the  uterus  consists  of  a  simple 
tube  extending  longitudinally  in  the  middle  of  the  segment  (see  Pig.  118).    It  will 


Fig.  119. — The  globu- 
lar body,  or  Mellis'.s 
body  and  its  connec- 
tions. See  text,  x  30. 
(Ledckart.) 


Fig.  120.— Proglottis  of  T. 
solium,  showing  branching  of 
uterus.    X  5. 


thus  be  observed  (Fig.  119)  that  the  globular  body  has  communication  with  four 
distinct  structures,  a  with  the  yolk-sac,  b  with  the  ovaries,  c  with  the  vagina,  and  d 
with  the  uterus.  The  eggs  pass  from  the  ovaries  first  into  the  globular  body,  where 
they  receive  a  covering  of  yolk,  are  fertiUzed,  and  undergo  the  beginning  of  their 
development.  Then  they  pass  into  the  uterus,  which  they  fill  up.  As  the  ova 
accumulate  in  the  uterus,  this  begins  to  throw  out  lateral  branches  to  the  number 
of  seven  to  ten  (see  Pig.  120).  The  lateral  branches  often  show  considerable 
ramifications,  in  this  respect  and  in  their  number  contrasting  with  those  of  the 
next  tape-worm.  In  the  fully  mature  proglottis  only  the  uterus  crowded  with  ova 
is  visible,  the  remaining  organs  having  disappeared  (see  Fig.  117).  The  prominent 
ova  often  make  the  position  and  shape  of  the  uterus  very  distinct,  especially  if  the 
proglottis  be  spread  out  on  a  glass  slide  and  allowed  to  dry. 

Besides  the  sexual  organs  the  proglottides  possess  muscular  fibres,  and  a  water- 
vascular  system.  The  muscle  is  non-striated  and  consists  of  longitudinal  and  trans- 
verse bundles.  The  water-vascular  or  excretory  system  (shown  in  Figs.  118  and 
120)  is  in  the  form  of  tolerably  wide  channels,  which  begin  at  the  head  and  are 
continued  through  the  proglottides  by  two  lateral  channels  right  down  to  the  last, 
where  they  open  outwards.  Near  the  posterior  extremity  of  each  proglottis  the 
tubes  form  transverse  communications  (see  figures).  It  is  possible  to  inject  these 
tubes  from  above  downwards,  but  not  from  below  upwards.  In  addition,  the  pro- 
glottides, as  well  as  the  head  of  the  worm,  possess  numerous  round  or  oval  cal- 
careous bodies,  which  are  mainly  in  the  superficial  layers  of  the  parenchyma. 

As  the  proglottides  become  mature  they  sever  their  connection  with 
the  worm  and  drop  off  from  its  lower  extremity  one  by  one.  They 
pass  down  the  alimentary  canal,  and  are  discharged  with  the  fajces, 
or  else  work  their  way  out  through  the  anus  by  virtue  of  their  con- 
tractile power.  For  a  short  time  after  discharge  they  still  show  a 
writhing  movement,  but  they  soon  come  to  rest  and  die.  By  the  de- 
composition of  the  proglottis  the  ova  are  set  free  and  are  ready  under 
suitable  circumstances  to  develop  further. 
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It  is  mostly  in  the  bodies  of  swine  that  the  taenia  solium  passes 

through  the  next  jjhase  of  its  development, 
although  sometimes  it  occurs  in  man. 

The  Ova  (Fig.  121)  are  surrounded  by  a 
dense  shell  of  a  brownish  colour.    Inside  the 
„  g         shell  the  egg  develops  an  embryo  which  ac- 

Fig.  i2i._0va  of  T.  solium  ^^-ircs  six  boring  spines.  When  such  ova  get 
fnl^'li:Xlll^°'''A:!  into  the  intestinal  canal  of  the  pig,  the  shell 
bvowr,  shell  is  indicated.  (Leu-  bursts,  and  the  embryo  with  its  spines  escapes. 

It  proceeds  to  bore  its  way  outwards,  and  after 
piercing  the  alimentary  canal,  it  finds  its  way  to  the  muscles  of  the 
animal  where  it  finds  a  lodgment. 

Arrived  at  its  desired  seat,  the  embryo  comes  to  a  state  of  rest,  and 

after  a  time  develops 

   ^  into  the  scolex,  which 

^g^^^^pS^  in  this  tape-worm  takes 
the  form  of  the  so-called 
Cysticercus  or  Bladder 
worm.  The  appearance 
of  these  cysticerci  in  the 
muscular  tissue  is  shown 
in  Fig.  122,  which  is 
drawn  of  the  natural 
si/e!^-(LM;c"^^S"'"  °'  ''''''''''  size.  The  complete  cysti- 

cercus or  scolex  is  com- 
posed of  a  sac,  connected  mth  Avhich  is  a  head,  which  closely  resembles 
the  head  of  the  mature  worm  (Fig.  1 23). 


Fi?.  123.— Head  of  cysticercus  celUilosro  found  in  substance  of  brain,    x  90. 
The  observations  of  Leuckart  and  others  have  thro\vn  much  Hght  on  the  develop- 
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inent  of  the  scolex  as  they  are  baaed  on  actual  experiments  in  which  swine  were  fed 
with  the  ova. 

In  the  first  place  a  vesicle  or  cyst  is  formed  in  the  muscle.  After  a  time  a  slight 
thickening  of  the  wall  of  the  cyst  appears.  This  grows  inwards  into  the  cyst,  carrying 
with  it,  however,  the  external  wall,  so  that  the  projection  inwards  is  hollow  with  an 
internal  canal  continuous  with  the  external  surface  of  the  cyst,  and  so  opening  exter- 
nally ;  this  is  shown  in  Pig.  124,  where  a  portion  of  the  wall 
of  the  cyst  is  preserved,  and  the  projection  is  shown  with  its 
internal  cavity  communicating  with  the  surface  of  the  cyst. 
This  projection  enlarges,  and  by  and  by  the  peculiar  structure 
of  the  head,  namely,  the  four  sucking  discs  and  the  booklets, 
show  themselves.  But  these  are  formed  inside  the  canal,  near 
its  inner  extremity,  and  they  are  in  an  inverted  position  as 
compared  with  those  of  the  mature  tape-worm.  The  head 
with  its  hooklets  is  thus  at  the  bottom  of  the  canal,  and 
the  four  suckers,  looking  towards  each  other,  follow.  After 
a  time  the  head  acquires  the  power  of  inverting  itself  out- 
wards, and  thus  projecting  from  the  vesicle,  or  again  with- 
drawing itseK  within  the  vesicle  as  before.  This  is  effected 
by  means  of  muscular  fibres.  For  the  completion  of  this 
phase  of  development  a  period  of  from  three  to  four  months  is  required  from  the 
time  of  the  ova  being  taken  into  the  alimentary  canal. 

It  sometimes  happens  that  this  scolex  of  the  taenia  solium  develops 
in  the  human  subject,  and  then  it  is  often  spoken  of  as  the  Cysticercus 
cellulossB.  It  occurs  chiefly  in  the  bi-ain,  in  the  eyeball,  and  in  muscle. 
It  is  to  be  remarked  that  in  rare  cases  the  scolex  assumes  in  the  brain  a 
very  peculiar  character.  The  cyst,  developing  in  the  membranes  on 
the  surface  of  the  brain,  presents  pouches  and  swellings  which  give  it 
somewhat  the  character  of  a  bunch  of  grapes,  and  so  has  arisen 
the  designation  Cysticercus  racemosus.  The  cysticercus  is  usually  sur- 
rounded by  a  connective-tissue  capsule  which  is  produced  from  the 
surrounding  tissue  and 
encloses  both  cyst  and 
head,  but  not  infrequent- 
ly, especially  in  the  brain 
and  eyeball,  it  is  devoid 
of  this  secondary  cap- 
sule. In  that  case  the 
vesicle  sometimes  grow.s 
to  considerable  dimen- 
sions, and  the  head  is 
able  to  protrude  itself 
and  move  about  in  vari- 
ous   directions,  perhaps  125.-Hooka  from  head  of  cysticercus  ceUulosic.    x  300. 

in  the  ventricle  of  the  brain  or  the  eyeball.  In  these  parts  the  scolex 
may  produce  considerable  disturbance. 


Fig.  124.  —  Cysticercus 
with  beginning  of  develop- 
ment of  head.  A  portion 
of  the  original  cyst  is 
shown  with  the  projec- 
tion inwards  of  a  hollow 
process  which  communi- 
cates externally,  x  25. 
(Leuckart.) 
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Fig.  126, 
X  350. 


-Hooks  from  tajtiia  echinooooeus. 


Although  capable  of  a  considerable  duration  of  life,  after  a  time  the 

scolex  usually  dies,  and  then  it 
shrinks  and  becomes,  probably,  in- 
crusted  with  lime  salts.  The  hook- 
lets  are  the  most  resistant  parts, 
and  it  is  of  some  consequence  to 
observe  the  size  and  general  appear- 
ance of  these.  In  Fig.  125  are 
represented  the  booklets  of  this 
magnified  350  times.  They  are 
to  be  contrasted  with  those  of  the 
taenia  echinococcus  (Fig.  126), 
which  are  magnified  to  the  same  extent. 

It  will  be  seen  that  in  the  tania  solium  there  are  two  sizes  of  hooklets,  a  larger 
and  a  smaller,  and  by  comparison  with  Fig.  123  it  will  be  seen  that  these  are 
arranged  alternately  around  the  rostellum.  In  this  as  in  other  respects,  the  heads  of 
the  scolex  and  of  the  mature  worm  are  identical. 

We  have  now  to  trace  the  further  progress  of  development  where 
living  scolices  are  taken  into  the  alimentary  canal  of  man.  In  the  first 
place,  the  vesicle  and  everything  but  the  head  and  neck  are  lost,  and  we 

have  a  small  creatui-e  which  has  con- 
siderable power  of  elongating  and 
moving  about  its  suckers,  as  shown 
in  Fig.  127.  The  head  now  fixes 
itself  to  the  wall  of  the  alimentary 
canal,  and  the  body  begins  to  develop 
from  its  posterior  extremity.  Ittakes 
eleven  or  twelve  weeks  for  the  worm 
to  assume  its  full  dimensions,  and  at 
the  end  of  that  time  it  begins  to  shed  proglottides.  The  worm  is  of 
tolerably  long  life,  and  may  inhabit  the  intestine  of  its  host  for  many 
years.  It  not  infrequently  happens  that  several  co-exist  in  the  same 
person;  as  many  as  30  or  40  have  been  observed. 

TaBina  mediocanellata.— This  worm  is  in  most  respects  like  the  tsenia 
solium  in  the  various  stages  of  its  development  and  its  structure. 
Leuckart  calls  this  tape-worm  the  Taenia  saginata. 

The  strobilus  is  a  larger  worm  than  the  tajnia  solium,  measuring  from 
about  thirteen  feet  in  the  -contracted  state  to  about  twenty-four 
feet  when  extended.  Fig.  128  shows  the  head  and  neck  of  this  Avorm 
in  the  contracted  and;  relaxed  conditions.  The  difference  in  leno-th 
and  breadth  is  very  striking.  The  head  has  no  rostellum  or  circle°6f 
hookSi  but  it  possesses  i  four  large  sucking  discs  which  are  usually 


Pig.  127.— A  single  head  of  tseuia  solium  be- 
fore segmentation  has  begun.  It  shows  move- 
ments of  its  suckers,  etc.   x  25.  (Leuokaht  ) 
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surrounded  by  zones  of  pigment.  In  the  greater  part  of  the  worm  the 
segments  are  broader  than  they  are  long,  attaining  a  breadth  of  about 
half  an  inch.  But  as  we  come  to 
the  fully  mature  proglottides  with 
embryoes  in  the  uterus,  then  they 
are  considerably  elongated  and  at 
the  same  time  narrower.  The  num- 
ber of  segments  is  greater  here  than  ]* 
in  the  taenia  solium,  reaching  as  te 


Fig.  128. — Head  and  neck  of  tasnia  medio- 
caneliata;  a,  in  contracted,  and  6,  uncon- 
tracted  state,    x  S.  (Ledckhabt.) 


high  a  figure  as  1,300.  There  are 
generally  about  eight  discharged 
from  the  posterior  extremity  daily, 
and  these  very  often  find  their 
way  outwards,  through  the  anus,  by 
their  own  movement. 

The  sexual  organs,  except  the 
uterus,  are  essentially  the  same  as 
in  the  ttenia  solium.  The  uterus, 
however,  presents  in  the  mature 
proglottis  a  much  larger  number  of 
lateral  offsets,  as  many  as  twenty 
to  thirty,  and  these  mostly  branch 
dichotomously  instead  of  ramifying. 
(See  Figs.  129  and  130.) 

The  indiA'idual  segments,  like  the  worm  as  a  whole,  possess  muscular 
fibres  and  are  capable  of  elongating  and  contracting. 

The  scolex  form  of  this 
worm  is  found  chiefly  in 
cattle,  and  it  inhabits 
mostly  the  muscles,  but  is 
also  met  with  in  other 
organs.  The  cysticercus 
measures  about  the  third 
of  an  inch,  and  is  of  a 
roundish  shape. 

This  worm  is  nearly 
equal  in  frequency  to  the 
taenia  solium  in  the  human 
.subject.  Its  cysticercxis 
is  not  known  to  occur  in 
man.  The  worm  may  live  for  many  years,  at  least  as  long  as  eleven, 
and,  as  some  assert,  up  to  twenty  or  even  thirty  years. 


Fig.  1'29.— Imuiatui-c  pro- 
glottis of  T.  mcdiocanelUitii. 
X  5.  (Leuckart.) 


Fig.  LW.— Mature  pro- 
glottis of  T.  mediocanel- 
lata.    X  2.    (Lki  okaut.) 
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Taenia  echinococcus.-In  the  strobilus  form  this  is  a  comparatively 
insignificant  worm  (Fig.  131).  It  inhabits  the  dog,  and  there  are  gen- 
erally several  individuals  present  at  the  same  time.  The 
total  length  of  the  worm  is  about  an  eighth  of  an  inch, 
and  it  consists  only  of  four  segments,  including  that 
which  carries  the  head.  In  the  fully  developed  state  the 
last  segment  exceeds  in  length  the  rest  of  the  worm  alto- 
gether (see  figure).  The  head  is  like  that  of  the  t^nia 
solium  in  miniature,  being  very  greatly  less  in  size.  It 
has  a  rostellum  with  thirty  to  forty  booklets,  and  four 
sucking  discs.  The  last  segment  develops  a  large  num- 
ber of  eggs,  as  many  as  6,000. 

These  eggs  develop  the  usual  embryoes  with  six  spines, 
and  if  they  find  their  way  into  the  intestinal  canal  of 
man,  they  pass  out  into  the  tissues.  Settling  in  some 
organ  of  the  body,  they  show  the  most  extraordinary 

tJt  ''cw^ococ*!'"'''^'''  development,  producing  the  condition  corn- 
eas.   X  12.  (Leu-  monly  called  Hydatids. 

CKHART.)  _  . 

it  IS  proper  to  say  here  that  hydatids  occur  in  the  form 
of  large  cysts,  often  of  very  complex  arrangement,  and  they  should  be 
carefully  distinguished  from  the  cysticerci  which  form  small  cysts  not 
more  than  half  an  inch  in  size.  The  hydatids  occur  in  the  majority  of 
cases  m  the  liver.  Neisser  has  collected  no  less  than  986  cases  of 
hydatids  in  man,  and  he  gives  the  scale  of  frequency  in  the  diflFerent 
organs  as  follows  :— Liver,  461;  lungs  and  pleura,  84;  kidneys,  80; 
muscle  and  subcutaneous  tissue  (including  the  orbit),  72 ;  brain  68 ; 
spinal  cord,  13;  female  organs  of  generation  (including  the  mamma)' 
44 ;  male  organs,  6 ;  pelvis,  36  ;  organs  of  circulation,  29  ;  spleen  and 
bones,  28 ;  eye,  3. 

When  the  embryo  reaches  the  liver  or  other  resting  place,  it  soon  develops  into  a 
cyst  which  at  first  is  of  slow  gro^vth.    The  membrane  of  the  cyst  is  of  considerable 
thickness,  and  consists  of  an  external  cuticle  in  several  layers  and  an  internal 
parenchymatous  layer  containing  muscular  fibre  and  a  vascular  svstem.    Inside  the 
origmal  vesicle  arise  very  frequently  secondary  vesicles,  and  inside  these  even  tertiary 
ones  the  successive  vesicles  being  sometimes  spoken  of  as  daughter  or  grand-daughter 
vesicles.     It  sometimes  happens  that  the  secondary  vesicles  project  outwards 
and  form  a  series  of  external  vesicles  which  may  separate  from'  their  mother 
and  attam   an  independent  development  alongside  of  her.     This  latter  form 
IS  particularly  common  in  the  domestic  animals,  and  it  is  variously  designated 
exogenous  hydatids,  or  echinococcus  scolecipariens   or  granulosus.     Thlre  is 
a  third  form  which  has  been  met  with  in  man,  and  always  in  the  liver 
The  parasite  develops  a  congeries  of  small  vesicles,  from  the  size  of  a  grain  of  wheat 
to  that  of  a  pea.    These  are  embedded  in  a  gelatinous  tissue  and  sometimes  possess 
gelatinous  contents.    As  the  whole  is  surrounded  by  a  firm  fibrous  capsule,  the 
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tumour  is  a  somewhat  solid  one,  and  on  sectioft  it  presents  a  peculiar  alveolar 
appearance.  From  this  structure  it  is  called  the  alveolar  form,  and  it  should  be 
particularly  borne  in  mind,  as  this  condition  has  been  frequently  mistaken  for 
a  tumour,  especially  before  Virchow  demonstrated  its  true  nature. 

Except  in  the  case  of  the  alveolar  form,  the  vesicles,  both  primary  and  secondary, 
enlarge  very  much  and  give  rise  to  tumours  of  very  large  dimensions,  so  as  some- 
times to  produce  serious  disturbance  by  their  mere  size.  Those  of  the  liver  are 
usually  the  largest,  and  they  may  come  to  weigh  as  much  as  twelve,  twenty,  or  even 
thirty  pounds.  The  simple  vesicles,  in  which  no  daughters  develop,  attain  the  size 
of  an  orange  or  a  fist. 

In  all  forms  of  hydatids  the  whole  parasite  is  surrounded  by  a  fibrous  capsule, 
developed  by  the  organ  in  which  it  has  its  seat.  As  the  cysts  enlarge,  this  also 
increases  in  size. 

We  have  now  to  consider  the  formation  of  the  heads  of  the  worms,  which  differs 
in  certain  respects  from  that  of  the  other  taniiB.  a 
In  the  walls  of  the  vesicles,  either  primary  or 
secondary,  are  to  be  seen  when  they  are  per- 
fectly fresh,  a  number  of  small  white  points 
which  have  their  seat  in  the  internal  wall. 
These  are  called  Brood-capsides,  and  it  is 
always  in  connection  with  them  that  the  heads 
or  scoUces  develop.  The  brood-capsules  are 
.  little  vesicles,  in  the  walls  of  which  the  echino- 
coccus  head  grows.  The  heads  begin  (see  Fig. 
132,  in  which  the  development  of  heads  in  brood- 
capsules  is  shown)  as  projections  outwards  of  the 
wall  of  the  brood-capsule.  The  projection  is  hollow,  and  communicates  with  the  in- 
terior of  the  brood-capsule.  The  head  develops  inside  this  projection,  as  in  the  case  of 
the  tajnia  solium,  and  very  soon  acquires  thepower  of  inverting  itself.  "When  it  does 
so,  it  projects  into  the  brood-capsule,  so  that  in  this  respect  the  brood-capsule  is  not 
like  the  cyst  of  the  cysticercus  as  the  scolex  projects  outwards  from  the  latter.  A 
single  brood-capsule  develops  several  heads,  up  to  twelve,  and  they  may  be  found 
either  in  the  extended  or  inverted  position.    All  the  heads  are  contained  in  brood- 


Fig.  132. — Diagi-ammatical  illustra- 
tion of  development  of  echinococcus 
heads  in  brood-capsules,  a,  Wall  of 
cyst,  b  b,  Brood-capsules,  with  heads 
in  various  stages  of  development. 
(Leuckart.) 


Fiii.  las.— Brood-capsules  in  connection  v.  ith  wall  of  vesicle,    a,  A  capsule  in  normal 
unruptured  state,    h  6,  Ruptured  capsules,    x  40.  (Leuckart.) 

capsules,  but  if  after  death  or  during  removal  the  brood-capsule  bursts,  then  an 
appearance  may  be  produced  as  if  the  heads  were  attached  to  the  wall  of  the  cyst 
itself.  If  the  capsule  bursts,  its  remains  may  gather  round  its  stalk  and  the  heads 
stand  up  from  this  as  in  Fig.  133  b  b.    Heads  may  also  be  found  lying  free  if  the 
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capsules  have  burst.  It  is  to  be  added  that  sometimes  the  vesicles  remain  barren, 
neither  brood-capsules  nor  heads  developing  in  them. 

The  heads  which  are  formed  in  vast  numlDers  inside  the  complicated 
system  of  cysts  are  exactly  like  those  of  the  mature  worm.  They  are 
very  minute  objects,  measuring  about  J^th  of  an  inch  in  long  diameter, 
and  just  visible  to  the  naked  eye.  They  possess  a  proboscis  with  a 
ring  of  booklets,  and  four  suckers.  They  are  also  provided  with  a 
water- vascular  system,  and  in  their  parenchyma  abundant  calcareous 
particles  are  to  be  found. 

The  animal  may  die  spontaneously,  or  be  killed  l^y  the  fluid  which 
fills  the  vesicles  being  drawn  off.    In  that  case  the  vesicles  shrink,  and 
their  contents  become  converted  into  a  fatty  debris,  which  afterwards 
may  become  infiltrated  with  lime  salts.    In  this  way  the  hydatid  mass 
may  be  represented  by  a  cyst  filled  with  an  atheromatous  material. 
This  may  dry-in,  and  at  last  we  may  have  nothing  left  but  a  stony 
or  mortar-like  mass,  in  which  careful  search  may  still  discover  the 
booklets  (Fig.  126).    Besides  the  distinctive  booklets,  or  even  without 
them,  there  are  usually  in  these  old  cysts  bits  of  the  chitinous  membrane 
of  the  parasite.    The  wall  of  the  hydatid  cyst  consists  of  two  layers,  an 
external  (called  by  Huxley  the  ectocyst)  and  an  internal  (the  endocyst). 
The  ectocyst  consists  of  a  structureless  stratified  membrane,  composed 
of  a  chitinous  substance,  from  which  circumstance  it  is  often  called  the 
cuticle.    As  this  chitinous  membrane  is  very  resistant  it  may  be  found 
in  the  midst  of  the  grumous  contents  and  enable  the  structure  to  be 
recognized.    In  the  case  from  which  Fig.  134  was  taken  the  diagnosis 


kldnify.^^x  Oa °^      chitinous  membmne  from  an  old  hydatid  cyst  of  the 

was  made  chiefly  by  flakes  of  this  membrane  being  found,  the  search 
for  booklets  being  in  vain. 

In  regard  to  the  distribution  of  the  echinococcus,  it  is  of  pretty  frequent  occur 
rence  in  all  known  lands,  but  it  is  particularly  common  in  Iceland  where  the  men 
hvmg  m  close  companionship  with  the  dogs,  are  much  exposed  to  infection.    It  is 
also  said  to  be  very  common  in  Australia  and  neighbouring  colonies. 
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Bothriocephalus  latus.— This  belongs  to  the  family  of  Bothrioce- 
phalidi^,  and  is  the  largest  tape-worm  which  occurs  in  man.  It  attains 
a  length  of  from  16  to  26  feet,  and  possesses  from  3,000  to  4,000 
segments,  which  are  mostly  much  broader  than  long,  although  the  last 
ones  (see  Fig.  136)  become  longer  and 
narrower  so  as  to  assume  more  of  a 
square  shape.  The  breadth  at  the  widest 
part  is  about  half  an  inch.  The  worm  is 
also  thick  and  heavy. 

The  head  (Fig.  135)  is  oval,  and  about 
the  twenty-fifth  of  an  inch  in  breadth. 

It  is  blunt  at  the  extremity,  and  pos- 
sesses neither  booklets  nor  suckers,  but 
fixes  itself  by  means  of  a  slit-like  groove 
on  either  side  of  the  head  (see  figure). 

The  sexual  organs,  and  especially  the 
uterus,  occupy  the  middle  part  of  each 
segment,  where  they  form  a  rather  pro- 
minent Icnot  or  rosette  (Fig.  137).  The 
uterus  is  composed  of  a  convoluted  tube 
which  gives  the  rosette-like  appearance 
just  mentioned.  The  sexual  organs  open 
in  the  middle  line  near  the  anterior  ex- 
tremity of  the  proglottis.  The  eggs  are 
oval  in  form  and  are 


covered  by  a  brown 
shell. 

The  scolex  form  of  the 
worm  long  eluded  obser- 
vation. It  was  known 
that  a  sis-spined  embryo 
formed  in  the  eggs  in  the 
usual  way,  but  the  habitat 
of  the  cysticercus  was 
unknown.  Braun  has 
finally  demonstrated  its 
existence  in  the  pike  and 
turbot.    It  was  found  in 


Fig.  135.  —  Head  and 
portion  of  body  of  Botli- 
riooephaliis  laiu.i  x  8. 
(Lbuckart.) 


Fig. 
latus. 


136.  —  Tho  Bothriocephalus 
Natural  size.  (Leuckart.) 


the  muscles,  sexual  organs,  liver,  spleen,  etc.,  of  these  fish.  Braun  proved  that  it 
was  the  scolex  of  this  animal  by  feeding  dogs  with  it.  A  tape-worm  identical  with 
the  bothriocephalus  developed.  By  this  discovery  all  the  tape-worms  which  occur 
in  Europeans  have  been  traced  in  their  mature  and  cysticercus  forms. 

This  worm  is  of  rather  frequent  occurrence  in  Switzerland  and  north- 
east Europe,  but  it  is  not  unknown  in  this  country.    The  frequency  of 
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fresh-water  lakes  in  Switzerland  explains  its  common  occurrence  there 
from  the  use  of  the  fish  which  form  the  hosts  of  the  scolex  form.  Like 
the  other  tape-worms  the  mature  worm  occurs  in  the  small  intestines 


Fig.  137.— Proglottis  of  Bolhriocepljalas  latus,  showing  female  organs,     x  12.  (Ledckabt). 

Several  other  smaU  and  infrequent  tape-worms  have  been  met  with  in  man. 

The  Taenia  nana  has  only  been  observed  once  and  in  Egyi^t.  It  is  very  small, 
scarcely  an  inch  in  length,  and  about  the  fiftieth  of  an  inch  in  breadth.  It  possesses 
a  rostellum  with  hooklets  and  four  sucking  discs. 

Taenia  flavopuncta.— It  has  also  been  observed  but  once,  in  America.  It  is  about 
a  foot  in  length,  and  about  one  twentieth  of  an  inch  in  breadth.  The  head  of  this 
worm  is  not  known,  but  it  is  beheved  to  possess  hooklets. 

Taenia  Madagasoariensis.— This  form  has  been  found  in  an  island  on  the  Madagas- 
car coast.    It  is  about  3  inches  long,  and  the  head  is  not  yet  known. 

Taenia  oucumerina.— This  worm  is  from  7  to  10  inches  long.  Its  head  posseses  a 
rostellum  with  a  quadruple  circle  of  hooklets  to  the  number  of  about  60.  The 
proglottides  reach  a  breadth  of  about  the  twelfth  of  an  inch.  It  occm-s  vei7  fre- 
quently in  dogs  and  cats,  and  is  often  present  in  large  numbers,  especially  m  dogs. 
It  has  been  found  in  several  eases  in  man,  and  it  seems  to  be  not  infrequent  in 
children.  The  scolex  form  has  lately  been  found  in  the  dog-louse  (Trichodectes 
canis),  and  it  can  be  readily  understood  how  in  the  process  of  lickmg  itself  the  dog 
often  swallows  its  host  and  becomes  itself  the  host  of  the  strobilus.  It  may  be  con"^ 
veyed  to  children  from  the  tongue  of  the  dog. 

Taenia  marginata.— This  is  a  tape-worm  of  large  size,  and  of  common  occurrence  in 
the  dog.  Its  usual  length  is  about  5  feet,  but  it  may  be  as  long  as  8  feet.  It  is  verj' 
like  the  taenia  soUum,  the  head  possessing  a  rostellum  with  hooklets  of  about  the 
same  size  but  more  numerous.  On  the  whole,  however,  the  worm  is  smaller,  and  so 
are  the  proglottides.  The  scolex  form  inhabits  swine  and  the  ruminants,  and  as  it 
often  develops  a  large  vesicle  or  set  of  vesicles,  it  is  liable  to  be  confused  mth  the 
tffinia  echinococcus.  The  scolex  form  is  called  the  cysticercus  tenuicoUis.  Neither 
mature  worm  nor  cysticercus  is  met  with  in  man. 

The  dog  also  frequently  contains  two  other  tmniK,  namely  the  T.  Serrata  and 
T.  Ccenurus.  These  also  resemble  the  tienia  sohum,  and  the  latter  is  important,  as 
its  scolex  form  frequently  attacks  lambs,  and,  lodging  in  the  brain,  is  the  cause  of  the 
very  fatal  disease  "staggers." 

4.  Nematoda  or  Eound-Worms.— The  round-worms  have  elongated 
bodies  and  possess  a  well-developed  digestive  apparatus,  with  mouth, 
CBSophagus,  stomach,  intestines,  anus.    The  sexes  are  separate.   Some  of 
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them  bear  living  embiyoes,  while  others  produce  eggs  which  become 
free  and  afterwards  develop  embyroes. 

Trichina  Spiralis. — This  worm  is  met  with  in  the  muscular  substance 
of  man,  and  occurs  there  in  immense  numbers,  producing  the  disease 
trichinosis.  We  shall  see  afterwards  that  this  is  not  the  mature  form 
of  the  worm,  but  it  is  in  this  form  alone  that,  for  the  most  part,  it  is 
accessible  to  us,  and  it  will  be  convenient  to  begin  with  its  description 
here. 

The  affected  muscles,  as  seen  with  the  naked  eye,  seem,  for  the  most 
part,  to  be  dusted  throughout  with  fine  white  particles  like  sawdust. 
These  are  most  abundant  near  the  places  where  the  muscular  fibres  are 
inserted  into  the  tendons.  As  a  rule  the  particles  are  most  abundant 
in  the  muscles  of  the  trunk,  the  diaphragm,  the  intercostal  muscles,  and 
those  of  the  abdominal  wall,  but  they  may  extend  to  all  the  voluntary 
muscles  of  the  body,  even  the  most  distant  ones  of  the  hands  and  feet. 

On  microscoj)ic  examination  of  the  fine  particles,  they  are  found  to 
consist  each  of  an  oval  cyst  with  a  tolerably  thick  wall  (see  Fig.  138), 


I'ifC.  13S. — Trichina  spiralis  in  muscle.  The  elimgatod  shape  of  the  cysts  is  duo  to  the  fact 
that  these  wore  ne.ir  thu  iuijrtiou  of  the  muscle  into  its  tendon.  In  the  lowest  specimen  the 
worm  is  dead  and  calcified,    x  90. 


within  which  is  a  small  worm  coiled  up  in  a  spiral  manner.  The  cyst  has 
very  often  abundant  calcareous  particles  in  its  wall,  especially  at  the 
poles,  and,  if  the  case  is  an  old  one,  the  impregnation  vnth  lime  may'be 
so  groat  as  to  hide  the  parasite  unless  the  salt  be  first  dissolved  out  with 
an  acid.  When  an  acid,  such  as  dilute  hydrochloric,  is  used,  the  lime  dis- 
solves with  some  evolution  of  gas,  and  the  whole  structure  becomes  very 
transparent.    Sometimes  the  worm  dies  in  its  capsule,  and  in  that  case 
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the  wall  thickens  and  the  cyst  collapses  to  some  extent  on  the  remains 
of  the  worm,  which  itself  often  becomes  infiltrated  with  lime  (see  lowest 
specimen  in  figure).  The  worm  in  the  muscle  is  in  the  immature 
state  and  quiescent,  lying  rolled  up  in  this  manner  for  years  it  may  be. 
It  may  be  present  in  immense  numbers,  even  in  millions,  in  the  same 
person. 

The  parasite  in  man  is  derived  from  the  pig,  in  whose  muscles  the 
embryoes  occur  in  the  same  fashion  as  in  man.  If,  now,  a  piece  of 
muscle  containing  them  in  their  living  state — that  is  to  say,  not  killed 
by  cooking  the  meat — be  eaten,  they  undergo  further  development  in 
the  intestinal  canal.  The  capsule  is  dissolved  by  the  gastric  juice,  and 
the  embryo  set  free.  In  the  muscle,  the  embryo,  if  uncoiled,  would 
measure  about  the  twenty-fifth  of  an  inch  in  length ;  but  now  it  grows 
rapidly,  and  in  the  course  of  two  and  a  half  days  it  reaches  the  adult 
form  Avhen  the  female  is  about  one  eighth  of  an  inch  in  length ;  and  the 
male  slightly  less.  The  male  possesses  a  testicle  consisting  of  a  con- 
voluted tube.  The  female  has  an  ovary,  vagina,  and  uterus.  The 
adult  worm  has  an  intestinal  canal  from  end  to  end,  which  is 
divisible  into  oesophagus,  stomach,  and  intestine. 

The  impregnated  ova  pass  into  the  uterus  where  they  develop  into 
living  embryoes  of  minute  size.  In  six  or  seven  days  after  the  female 
has  attained  sexual  maturity,  that  is,  eight  or  nine  daj^^s  after  the 
trichinous  muscle  has  been  eaten,  the  birth  of  living  embryoes  begins. 
The  female  gives  birth  to  large  nunibers,  and  probably  continues  to  do 
so  for  some  weeks,  thus  producing  as  many  as  1000  to  1300.  The 
adults  do  not  live  longer  than  five  to  eight  weeks  altogether. 

The  minute  embryoes  now  begin  to  penetrate  the  intestinal  canal, 
and  they  swarm  outwards  to  the  voluntary  muscles.  The  route  by 
which  they  reach  the  muscles  is  not  absolutely  certain.  By  most  it  is 
thought  that  they  pass  outwards  into  the  peritoneal  cavity,  and  thence 
into  the  connective  tissue  around,  by  which  they  travel  to  the  muscles. 
By  others  it  is  thought  that  they  pass  into  the  submucous  connective 
tissue,  thence  into  the  connective  tissue  of  the  mesentery,  and  so 
onwards.  It  is  probable  that  they  find  their  way  by  both  these  routes, 
but  it  is  inconceivable  that,  as  some  suppose,  they  get  into  the  blood- 
vessels, as  the  vessels  available  to  them  are  the  portal  radicles  which 
would  take  them  to  the  liver. 

Swarming  outwards  from  the  intestine  they  reach  first  the  muscles 
of  the  trunk,  where  they  are  usually  most  abundant ;  they  then  pass  to 
those  of  the  neck  and  larynx ;  and,  lastly,  to  those  of  the  limbs. 
Arrived  at  the  muscles  they  grow  larger,  and  apparentljr  wander  about 
for  a  time.    They  penetrate  inside  the  sarcolemma  of  the  primitive 
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fibre  of  the  muscle,  and  destroy  the  sarcous  substance.  In  about  four- 
teen days  they  have  attained  their  full  size,  and  begin  to  settle  down. 
As  they  pass  along  inside  the  sarcolemma  they  are  arrested  at  the  in- 
sertion of  the  fibre  into  the  tendon,  hence  they  are  particularly  numerous 
near  tendons,  and  here  also  the  cysts,  subsequently  formed,  are  often 
much  elongated  (as  in  the  figure).  The  sarcolemma  collapses  as  the 
sarcous  substance  is  destroyed,  and  as  the  worm  coils  itself  up  spirally 
the  sarcolemma  forms  for  it  an  oval  cyst.  The  worm  itself  seems  also 
to  add  to  the  cyst  a  layer  of  its  own.  It  is  not  uncommon  to  find  two, 
or  even  more  worms,  in  one  cyst.  In  the  muscles  the  worms  assume  a 
quiescent  state,  as  already  mentioned,  and  may  remain  so  for  years  (as 
long  as  eighteen  years  has  been  proved),  the  cyst  being  impregnated  with 
lime.  They  produce  considerable  destruction  by  piercing  the  sarco- 
lemma, and  disintegrating  the  sarcous  substance,  and  there  is  often  to 
be  found  a  germination  of  the  muscle  nuclei  around  the  worm.  The 
death  of  the  host  does  not  cause  the  death  of  the  trichinae.  They  will 
live  in  putrid  flesh  for  weeks  and  remain  capable  of  further  development. 

Diuing  the  migration  of  the  embryoes  considerable  irritation  is  pro- 
duced. There  is  in  the  first  week  intestinal  catarrh  (diarrhoea)  with 
fever,  and  the  case  may  be  mistaken  for  typhoid  fever.  Later  the 
muscles  become  stilF  and  painful,  and  oedema  of  the  skin,  especially  of 
the  face,  may  develop.  This  oedema  of  the  face,  which  occurs  about 
the  seventh  day,  is  said  to  be  of  special  diagnostic  significance.  The 
symptoms  are  usually  at  their  height  in  the  fourth  or  fifth  week,  and 
death  occasionally  ensues. 

Besides  in  man,  trichinffi  Ij'ave  been  found  in  the  muscles  of  the  pig,  cat,  rat, 
mouse,  marmot,  polecat,  fox,  marten,  badger,  hedgehog,  and  racoon.  By  some  it  is 
believed  that  the  rat  forms  the  permanent  source  of  infection,  as,  when  one  of  these 
animals  dies  it  is  eaten  by  its  neighbours,  and  so  the  infection  spreads.  From  their 
habits,  it  will  be  understood  how  swine  sometimes  partake  of  dead  rats.  The 
parasite  will  be  communicated  to  man  by  eating  imperfectly  cooked  swine's  flesh. 
It  is  said  that  a  temperature  of  50°-55°  C.  or  120°-130°  F.,  is  enough  to  kill  the 
embryoes,  but  it  is  quite  conceivable  that  when  large  pieces  of  flesh  are  cooked 
rapidly,  some  parts  may  escape  the  thorough  penetration  of  the  heat. 

The  search  for  triehinas  in  the  muscles  of  swine  before  the  flesh  is  sold  is  com- 
pulsory in  some  countries.  For  the  examination  pieces  of  muscle  (preferably  from 
the  diaphragm  and  larynx)  are  snipped  oil  with  scissors  and  spread  out  in  water  on 
a  microscopic  slide.  Some  liquor  potassfB  may  be  added  to  make  the  preparation 
more  transparent.  It  is  then  to  be  examined  with  low  magnifying  powers  and 
afterwards  with  higher.    Several  specimens  should  be  prepared  from  each  animal. 

Ascaris  lumbricoides. — The  common  round-worm  is  probably  the 
commonest  entozoon  in  the  human  subject.  It  occurs  very  frequently 
m  children,  and  inhabits  chiefly  the  small  intestine.    In  its  colour  and 
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general  appearance  it  resembles  the  common  earthworm.  It  measures 
6  to  16  inches  in  length,  is  marked  by  transverse  striae  and  tapers  to 
both  ends.  Like  other  adult  nematodes  it  possesses  an  intestinal  canal 
from  end  to  end.  The  female  produces  a  large  number  of  oval  eggs 
which  have  a  dense  shell. 

The  worm  mostly  occurs  singly  or  in  pairs,  but  is  frequently  present 
in  considerable  numbers  up  to  one  or  two  hundred.  From  the  intestine 
it  may  pass  into  the  stomach  and  be  vomited,  or  may  be  discharged 
per  anum.  It  has  been  known  also  to  pass  up  the  oesophagus  and 
into  the  nostrils  and  sinuses  of  the  head,  or  by  the  larynx  into  the 
bronchial  tubes.  Sometimes  it  penetrates  into  the  bile  ducts,  which 
it  may  obstruct,  or  through  the  intestinal  wall  into  the  peritoneal 
cavity. 

In  the  intestine  the  irritation  of  the  worms  produces  catarrh,  and  by 
reflex  action  this  is  supposed  to  lead  to  certain  nervous  symptoms. 
When  present  in  large  numbers,  the  worms  are  sometimes  rolled  up  in 
a  ball,  and  in  this  condition  they  may  obstruct  the  intestine.  In  cases 
where  they  have  perforated  into  the  peritoneum  they  have  given  rise 
usually  to  local  abscesses  pointing  chiefly  near  the  umbilicus  or  groin. 
More  rarely  they  have  led  to  general  peritonitis. 

Ascaris  mystax. — This  is  a  small  round  worm  which  occurs  in  the 
cat,  and  is  said  to  be  always  present  in  the  intestine  of  that  animal. 

Oxyuris  vermicularis  or  Thread-worm. — This  is  an  exceedingly  com- 
mon parasite.  It  is  white  in  colour,  and  the  male  measures  about  an 
eighth  of  an  inch,  and  the  female  about  three  eighths  in  length.  It 
possesses  an  alimentary  canal  from  end  to  end.  The  eggs  are  oval,  and 
have  a  dense  shell.  The  animal  inhabits  mostly  the  large  intestine.  It 
is  stated  by  Zenker  and  Heller  that  the  mature  female  is  in  the  large 
intestine,  the  males  and  young  being  in  the  small.  The  worm  often 
wanders,  especially  during  the  night,  to  the  neighbourhood  of  the  anus, 
where  it  produces  itching.  Sometimes  it  passes  over  to  the  vagina,  and 
up  into  it.  It  produces  catarrh  of  the  bowel,  and,  as  in  the  case  of  the 
ascaris,  nervous  symptoms  are  ascribed  to  it. 

Trichocephalus  dispar  (the  whip-shaped  worm). — It  is  of  frequent 
occurrence  in  the  ccecum  and  neighbouring  parts  of  the  intestine. 
It  measures  1|  to  2  inches  in  length,  and  has  the  peculiarity  that  the 
anterior  portion  is  much  thinner  than  the  posterioi",  forming  a  long 
thread,  like  the  lash  of  a  whip,  which  is  buried  in  the  mucous  membrane. 
The  eggs  possess  a  brown  shell.  The  embryoes  have  been  traced 
in  water  and  moist  earth. 

Dochmius  duodenalis  {Strongylus  Duodenalis.  Ancliylostomum  duo- 
denale). — This  worm  is  not  met  with  in  this  country,  but  occurs  in 
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Egypt,  Italy,  and  tropical  lands.  It  has  been  found  frequently  among 
the  workers  at  the  St.  Gothard  Tunnel  in  Switzerland.  It  is  a  third  to 
half  an  inch  in  length,  and  it  possesses  a  mouth  armed  with  four  strong 
teeth.  By  means  of  these  it  fixes  itself  on  the  mucous  membrane 
where  it  sucks  the  blood.  When  present  in  considerable  numbers,  as 
it  often  is  among  the  valvulse  conniventes,  it  may  give  rise  to  consider- 
able loss  of  blood  and  serious  anaemia. 

Strongylus  gigas. — This  is  a  large  worm,  reaching  a  length  of  over 
a  yard,  and  a  thickness  of  about  three  eighths  of  an  inch.  It  has  been 
met  with  a  few  times  in  the  pelvis  of  the  kidney  in  man,  and  more 
frequ.ently  in  the  kidney,  bladder,  lungs,  and  liver  of  dogs. 

Filaria  medinensis  (Dracunculus  medinensis,  or  Guinea-worm). — This 
parasite  is  of  frequent  occurrence  in  tropical  lands,  Avhere  it  is  met  with 
in  the  tissues  of  the  foot  and  leg  chiefly.  The  female  is  a  long  thin 
worm  from  12  to  40  inches  in  length,  and  it  alone  is  known  as  a 
parasite.  The  male  is  much  smaller.  The  worm  wanders  to  some 
extent  in  the  loose  subcutaneous  connective  tissue,  and  may  give  rise 
to  considerable  irritation.  When  mature  it  presents  its  extremity  at 
the  surface,  and  a  small  pustule  forms  from  which  the  extremity 
projects.  The  worm  may  then  be  removed  gradually  by  rolling  it 
gently  round  a  quill  from  day  to  day  as  it  becomes  exposed,  care  being 
taken  not  to  break  it,  in  which  case  the  part  left  in  may  give  rise  to 
severe  inflammation. 

Filaria  sanguinis  hominis. — This  name  was  originally  given  to  a 
minute  thread-like  worm  which  has  been  found  to  be  really  the  em- 
bryo of  a  larger  worm.  The  embryo,  as  its  name  implies,  has  been 
found  in  the  blood,  although  it  has  also  been  observed  in  chylous  urine 
and  elsewhere.  The  adult  has  been  seldom  found,  but  is  believed  to 
live  in  lymphatic  vessels,  and  so  the  name  filaria  sanguinis  is  not 
strictly  applicable  to  it.  Cobbold  has  given  it  the  name  filaria 
Bancrofti,  from  the  observer  who  first  discovered  the  adult.  As  it  is 
inconvenient  to  give  two  different  names  to  the  adult  and  embryo 
forms  of  the  same  animal,  we  shall  refer  to  them  under  the  original 
designation  of  filaria  sanguinis.  In  some  respects  the  two  forms  of 
this  worm  are  comparable  to  those  of  the  trichina  spiralis,  which  also 
obtains  its  name  from  the  embryo  form. 

The  adult  filaria  has  the  sexes  distinct,  and  as  yet  the  female  alone 
has  been  fully  examined,  only  a  portion  of  a  male  having  been  dis- 
covered. The  female  is  a  long  hair-like  worm,  three  or  four  inches  in 
length,  and  only  yig-  inch  in  breadth.  It  has  an  opaline  appearance, 
and,  as  described  by  Manson,  it  looks  like  a  delicate  thread  of  catgut 
animated  and  wriggling  as  it  lies  in  the  tissues. 
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By  the  observer  just  named  it  was  found  lying  in  a  lymphatic  vessel  while  he  was 
removing  a  scrotum  which  was  affected  in  a  way  to  be  mentioned  afterwards,  and  it 
appears  that  this  is  the  usual  habitat  of  the  animal.  The  male  is  probably  much 
smaller  than  the  female,  and  they  are  supposed  to  live  together  in  the  same  vessel. 

The  female  is  believed  to  live  for  years  in  the  same  position,  and  gives  birth 
almost  continuously  to  large  numbers  of  embryoes.  Near  the  head  is  the  vagina, 
and  behind  it  the  uterus  with  two  horns  is  found,  stuffed  with  ova,  and  extending 


Fig.  130.  — Filaria  sanguinis  (embryo)  after  preserva- 
tion in  weak  spii'it.  The  sac  is  seen  at  each  end  of 
the  worm,    x  300.  (Lewis.) 


almost  to  the  tail.  Manson  states  that  the  embryoes  can  be  seen  escaping  fully 
formed  from  the  vagina,  in  exactly  the  same  form  as  in  the  blood.  But  the  female 
sometimes  gives  birth  to  ova,  as  these  have  been  found  in  the  lymph  and  have  been 
supposed  to  be  the  principal  factors  in  producing  certain  local  affections  to  be 
afterwards  mentioned. 

The  living  embryo  (Pig.  139  and  140)  is  about  inch  in  length  and  inch  in 
thickness;    its  breadth  therefore  nearly  corresponds  with  that  of  a  red  blood- 


Fig.  140. — Filaria  sanguinis  as  they  appear  in  the  living  state  in  the 
blood.    From  a  case  of  chyluria.    x  300.  (Lewis.) 


corpuscle.  It  is  enclosed  in  a  delicate  sac,  which  is  rather  longer  than  itself,  so 
that  while  moving  a  portion  of  the  sac  extends  bej^ond  its  extremity.  The 
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movements  as  seen  in  the  blood  and  lymph  are  very  active  and  snake-like  in 
character. 

This  embryo  is  present  in  the  blood  of  about  10  per  cent,  of  the 
natives  where  it  is  endemic,  and  most  of  these  do  not  appear  to  suffer  in 
health  from  it.  A  very  remarkable  circumstance  is  that,  during  the 
day,  the  parasites  are,  unless  in  exceptional  cases,  absent  from  the 
blood,  but  about  six  or  seven  o'clock  in  the  evening  they  begin  to 
appear,  and  by  twelve  o'clock  are  so  numerous  that  as  m.any  as  a 
hundred  may  be  counted  in  every  drop  of  blood.  As  morning  ap- 
proaches they  diminish  in  numbers,  and  by  eight  or  nine  o'clock  they 
disappear  entirely.  This  regular  rhythm  may  apparently  go  on  for 
years.  When  the  periodicity  of  the  bodily  functions  is  interfered  with 
by  the  person  sleeping  during  the  day  and  doing  his  work  at  night, 
then  the  parasite  is  present  in  the  blood  in  the  day  time  and  absent 
at  night. 

The  periodicity  of  the  Filaria  is  variously  accounted  for.  Hansen  and  others  be- 
Ueve  that  the  embryoes  retire  during  the  day  to  the  internal  organs  where  they  lie 
quiescent.  Myers  rather  believes  that  they  die  out  daily  and  a  new  swarm  is  pro- 
duced. This  view  he  supports  chiefly  on  the  ground  of  observations,  according  to 
which  the  embryoes,  as  morning  approaches,  show  signs  of  languor  and  loss  of  con- 
dition. He  also  asserts  that  the  adult  female  is  sufficiently  fertile  to  replenish  the 
stock  daily,  and  that,  if  this  be  the  case,  there  must  be  a  daily  destruction. 

In  finding  their  way  from  the  site  of  the  parent  worm  in  the  lymphatics  to 
the  blood,  it  is  probable  that  the  embyroes  travel  by  way  of  the  lymphatic  fluid 
itself.  Being  not  greater  in  breadth  than  a  blood-corpuscle,  and  possessing  powers 
of  locomotion,  they  may  be  supposed  to  traverse  the  lymphatic  glands  with  the 
lymph,  and  to  reach  the  blood  by  the  thoracic  duct.  It  is  also  possible  that  they 
may  get  into  the  blood  by  penetrating  through  the  blood-vessels.  In  the  blood  they 
will  readily  circulate  with  that  fluid,  and  from  their  size  they  are  capable  of  passing 
through  the  capillaries  and  repeating  the  circuit  with  the  blood-corpuscles.  They  do 
not  pass  through  any  further  stage  of  development  in  the  blood,  the  embryoes  found 
there  being  exactly  like  those  which  escape  from  the  mother.  It  is  clear  also  that 
they  do  not,  either  by  themselves  or  their  products,  act  injuriously  on  the  blood  or 
tissues  unless  by  using  the  nutritious  material. 

It  has  been  stated  above  that  the  female  sometimes  gives  birth  to  ova  instead  of 
living  embryoes,  and  it  is  probably  in  consequence  of  this  that  various  forms  of 
disease  are  found  to  occur  in  connection  with  this  parasite.  The  sac  which  has  been 
mentioned  as  enclosing  the  embryo  is  really  the  chorional  envelope  of  the  ovum 
stretched  and  rendered  elastic.  But  if  ova  are  born  instead  of  embryoes  then  we 
have  a  body  -^^-^  inch  to  inch  in  length.  This  body  is,  of  course,  much  thicker 
than  the  extended  embryo,  and  when  carried  by  the  lymph  to  the  glands  it  will  be 
unable  to  traverse  these.  An  infarction  of  the  fine  afferent  vessels  of  the  gland  will 
thus  occur,  and  as  the  vessels  leading  from  the  part  where  the  mother  is  situated  are 
plugged  one  after  another,  there  will  by  and  by  be  a  complete  stasis  of  the  lymph 
in  the  vessels  of  these  parts.  It  is  probable  that  dead  embryoes  though  extended 
will  similarly  plug  the  lymphatics. 
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The  effect  of  this  complete  plugging  of  all  the  lymphatic  channels  seems  to  be  an 
accumulation  of  lymph  in  the  vessel  below  the  seat  of  obstruction.  The  lymph  thus 
distending  the  vessels  often  escapes,  apparently  by  rupture.  The  locality  of  the 
parent  will  determine  the  exact  nature  of  the  resulting  disease.  If  it  be  in  the 
lymphatics  of  the  pelvis  or  lumbar  region  there  may  be  distension  of  the  lymphatics 
of  the  kidneys,  ureters,  or  bladder.  In  that  case  Chylous  urine  is  found,  and  the 
embryoes  of  the  parasite  have  been  observed  in  the  urine.  If  the  adult  be  in  the 
lymphatics  of  the  leg,  there  will  be  gradual  plugging  of  the  glands  at  the  groin  and 
accumulation  of  lymph  in  the  legs  and  scrotum.  The  accumulation  in  the  scrotum 
is  of  very  frequent  occurrence,  giving  rise  to  Lymph-scrotum,  in  which  vesicles 
appear  on  the  surface  which  occasionally  discharge  IjTnph. 

It  is  to  be  observed  that  the  condition  in  these  various  situations  is  not  a  proper 
oedema,  which  we  have  already  seen  to  consist  m  over-filling  of  the  serous  spaces, 
but  rather  an  over-distension  of  the  lymphatic  vessels  with  occasional  rupture  of 
them. 

It  has  been  asserted  that  Elephantiasis  is  one  of  the  diseases  dependent  on  this 
parasite,  and  is  to  be  placed  in  the  same  category  as  lymph-scrotum  and  chyluria. 
But  there  are  serious  objections  to  this  view.  Elephantiasis  has  the  features,  as  we 
have  seen,  rather  of  a  specific  inflammation,  than  a  simple  stagnation  of  IjTnph,  and 
is  more  nearly  allied  to  leprosy.  It  appears,  however,  that  there  are  cases  of  lymph- 
scrotum  in  which  the  skin  becomes  greatly  thickened,  and  these  are  sometimes 
called  Lymphangieetatic  elephantiasis. 

The  stages  by  which  the  embryo  attains  to  the  adult  form,  were,  till  lately, 
obscure.  The  embryo  in  the  human  body  does  not  pass  beyond  the  stage  which  it 
had  reached  at  birth,  and  in  order  to  complete  the  cycle  of  its  development  it  must 
pass  into  the  body  of  another  animal.  The  intermediate  host  has  been  found  to  be 
a  species  of  mosquito  (Lewis,  Manson).  The  particular  species  of  mosquito  is  only 
present  in  districts  where  filaria  occurs,  in  other  districts  the  prevalent  mosquito  is 
incapable  of  propagating  the  parasite  (Myers).  The  female  of  this  animal  has  a  pro- 
boscis which  she  inserts  into  the  skin  and  through  which  she  sucks  blood  into  the 
stomach.  "With  the  blood  the  embryoes  are  taken  in,  and  they  have  been  found  in  the 
stomach  even  in  larger  proportional  numbers  than  in  the  blood  of  the  person  from 
whom  they  were  taken.  In  the  stomach  the  embryo  passes  through  certain  stages  of 
development  occupying  from  four  to  six  days.  At  this  period  the  mosquito  dies,  and 
probably  falls  into  water,  the  parasite  passing  from  the  stomach.  The  further  stages 
are  not  known  as  yet,  but  by  the  time  the  mosquito  dies  the  parasite  has  abeady 
acquired  a  boring  apparatus  fitting  it  to  penetrate  the  tissues.  If  it  reaches  the 
alimentary  canal  of  man,  it  will  then  bore  through  the  tissues  till  it  finds  its 
selected  site  in  the  lymphatics.  It  selects  this  site  just  as  the  trichina  selects 
the  muscles,  or  as  the  echinococcus  may  select  the  liver.  In  its  new  position  it 
attains  to  sexual  maturity,  and  being  impregnated,  gives  birth  to  the  embryoes  as  we 
have  seen. 

The  species  of  mosquito  here  concerned  is,  like  other  mosquitoes,  nocturnal  in  its 
habits,  so  that  it  attacks  affected  persons  at  the  time  when  the  parasite  is  present  in 
the  blood.  The  occurrence  of  the  embryoes  in  the  blood  at  night  has  been  regarded 
as  a  provision  of  nature  for  the  propagation  of  the  species. 

In  animals,  several  different  species  of  filaria  have  been  observed.  There  is  the 
Filaria  sanguinolenta  frequently  observed  in  large  numbers  in  the  wall  of  the 
oesophagus  and  aorta  in  dogs.  In  certain  countries  it  is  said  to  occur  in  every  third 
animal.    It  is  here  in  the  saxually  mature  condition  along  with  eggs  in  every  stage 
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of  development.  There  is  also  the  Filaria  immitis  s.  hflematica,  found  in  the  blood 
of  the  dog,  etc. 

II.— EPIZOA  OR  EXTERNAL  PARASITES. 

These  do  not  call  for  extended  treatment  here,  as  they  are  fully 
described  in  works  on  diseases  of  the  skin.  Little  more  than  an 
enumeration  of  them  will  be  attempted. 

1.  Arachnida. — Parasites  belonging  to  this  class  occur  both  in  man 
and  animals.  In  one  the  larva  inhabits  the  internal  parts,  while  the 
adult  is  external. 

Acarus  scabiei,  or  Sarcoptes  hominis. — This  has  an  oval  body  just 
large  enough  to  be  visible  to  the  naked  eye,  the  female  being  one 
fiftieth  of  an  inch  in  length,  and  the  male  about  half  that  size.  The 
anterior  part  has  a  head  and  four  limbs,  each  of  which  has  a  sucker  at 
its  extremity.  There  are  also  four  posterior  limbs,  all  of  which  in  the 
female  have  pointed  extremities,  but  in  the  male  two  of  them  have 
suckers.  The  female  burrows  in  the  epidermis,  forming  tunnels,  in 
which,  as  it  proceeds,  it  deposits  its  eggs;  it  is  usually  to  be  found  at 
the  deepest  end  of  the  tunnel  and  the  eggs  at  intervals.  The  eggs 
develop,  and,  as  the  epidermis  desquamates,  they  come  to  the  surface 
by  degrees,  the  young  being  born  usually  as  they  reach  the  surface. 
The  irritation  of  the  animal  in  the  epidermis  gives  rise  to  a  slight 
inflammation,  causing  the  formation  of  a  papule.  Usually  there  is 
great  itching,  and  the  scratching  leads  to  further  eruptions,  especially 
in  pre-disposed  persons. 

Acarus  folliculorum  (Demodex  folliculorum). — This  is  an  elongated 
animal  about  yig-  of  an  inch  in  length,  and  provided  anteriorly  with 
four  pairs  of  short  feet.  It  is  found  in  the  sebaceous  follicles,  especially 
of  the  external  meatus  of  the  ear  and  neighbourhood  of  the  nose.  It 
seems  to  produce  no  special  irritation. 

Pentastoma  denticulatum  s.  t83iiioides. — The  larval  form  is  very 
common  in  the  rabbit,  and  has  been  not  infrequently  observed  in  man. 
It  occurs  usually  in  the  liver,  but  has  been  observed  also  in  the  spleen, 
lungs,  kidneys,  and  wall  of  intestine.  It  is  a  small  animal  about  a 
fifth  of  an  inch  in  length  and  a  fifteenth  in  breadth.  It  presents  about 
90  segments,  in  each  of  which  are  stomata.  The  mouth  possesses  four 
hooks  which  can  be  withdrawn  into  chitinoiis  sheaths.  The  larva  in 
the  liver  surrounds  itself  with  a  capsiile  and  forms  a  nodule  about  the 
size  of  a  pea.  In  man  they  are  mostly  found  dead,  and  the  condition 
observed  is  that  of  a  hard  nodule  surrounded  by  a  fibrous  capsule, 
inside  which  are  the  calcified  remains  of  the  animal,  of  which  only  the 
hooks  may  be  recognizable. 


346 


EXTERNAL  PARASITES. 


The  larva  found  in  the  liver  and  elsewhere  is  usually  designated  the 
Pentastoma  denticulatum,  while  the  adult  is  called  the  P.  tsenioides. 
The  connection  between  the  two  was  demonstrated  by  Leuckart.  The 
adult  is  found  chiefly  in  the  nares  of  dogs,  but  also  of  some  other 
animals,  and  on  one  occasion  of  man  (Laudon).  The  adult  is  like  the 
larva  in  form  but  much  larger,  the  female  measuring  three  inches,  and 
the  male  about  one.  The  mouth  is  devoid  of  hooks.  The  ova  passing 
from  the  nostrils  of  the  dog  on  to  the  grass  are  supposed  to  be  taken 
into  the  stomachs  of  hares  and  rabbits,  and  to  pass  thence  to  the  liver. 

Many  forms  of  arachnida  occur  in  animals. 

^  Leptus  autumnalis  (Harvest  bug).— This  is  a  small  red  animal,  just 
visible  to  the  naked  eye.  It  is  not  a  necessary  parasite,  but  in  some 
districts  it  invades  the  legs  and  burrows  into  the  skin,  thus  causing 
excessive  itching.  Two  other  forms  of  leptus  are  described  as  occurring 
in  America  (Duhring). 

2.  Insecta  or  Insects. — The  parasitic  insects  occur  entirely  externally. 
Some  of  them  are  not  parasitic  at  all  times. 

Pediculi  or  Lice.— The  head  louse  (P.  capitis)  lives  among  the  hairs. 
It  forms  a  chitinous  sheath  for  its  ova,  which  it  cements  to  the  hairs. 
The  young,  when  they  emerge  from  the  egg,  are  like  the  adult  in  form, 
there  being  no  further  metamorphosis.  The  body  louse  (P.  vesti- 
mentorum)  is  like  the  former  but  considerably  larger.  The  ova  are 
deposited  in  the  clothing,  especially  the  seams,  where  also  the  adults 
congregate.  The  crab  louse  (P.  pubis)  has  its  popular  name  from  the 
fact  that  it  has  long  curved  claws  with  which  it  attaches  itself  to  the 
hairs.  It  occurs  in  the  parts  of  the  body  furnished  with  stiff  hairs, 
chiefly  the  pubes,  but  also  the  axillae,  eyebrows,  beard,  eyelashes,  etc. 
It  is  smaller  and  less  elongated  than  the  other  two  form.s. 

Pulex  irritans  (Common  flea).— This  animal  is  only  partly  parasitic. 
Its  larvae,  which  are  about  an  eighth  of  an  inch  in  length,  occur  in 
quantities  in  the  neighbourhood  of  mouldering  organic  matter,  in  dusty 
corners  of  rooms,  etc.     The  mature  animal  is  not  necessarily  parasitic. 

Cimex  lectularius  (Common  bug)  is  still  less  of  a  parasite.  It  lives 
chiefly  about  beds,  and  comes  out  of  retired  parts  on  to  the  skin  to 
extract  blood. 

Pulex  penetrans  (Sandflea,  chigoe,  jigger).— This  is  common  in  the 
West  Indies,  Central  and  South  America,  and  southern  parts  of  North 
America.  The  female,  which  resembles  an  ordinary  flea,  penetrates  the 
skin,  usually  of  the  toes,  where  it  swells  up  into  a  sac  about  the  size  of 
a  pea,  the  abdomen  being  distended  with  ova.  It  produces  painful 
inflammation. 
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The  Larvae  of  insects  or  Maggots  are  occasionally  found  in  the 
tissues  of  man.  There  are  a  few  cases  in  which  such  larvae  have,  by 
migrating  under  the  skin,  produced  considerable  inflammation.  There 
are  also  cases  in  which,  deposited  in  neglected  wounds,  or  even  in  the 
mouth  and  nostrils  of  excessively  debilitated  persons,  they  have  actually 
produced  considerable  destruction  by  feeding  on  the  tissues.  In  ne 
glected  military  hospitals  Avounds  are  often  abundantly  tenanted  by 
maggots. 

The  Larvae  of  insects  are  also  sometimes  passed  by  the  bowel.  The 
form  which  has  been  chiefly  observed  is  the  Anthomyia  canicularis.  In 
some  cases  enormous  numbers  of  the  larvse  of  this  fly  have  been  passed, 
stated  as  quarts  in  one  report.  (See  Finlayson,  in  Glas.  Med.  Jour., 
xxxi.  225,  1889.) 

Literature. — The  work  of  Leuckart  wliich  is  encyclopffidie  in  character  is  now  avail- 
able to  English  readers  in  the  translation  by  Hoyle,  vol.  i.,  1886.  See  also  Cobbold, 
Entozoa,  1864  and  1869,  Parasites,  1879  and  1882;  Kuchenmeisteh,  Syd.  Soc, 
transl.  1857,  new  edition  by  Zikn,  1880-82  ;  Davatne,  Trait6  des  Entozoaires,  1877 ; 
Megnin,  Les  parasites,  1880  ;  Beaun,  Die  thierischen  Parasiten  der  Menschen,  1883. 
Protozoa— see  Leuckaet.  Trematoda — M'Connell  (Distoma  sinense).  Lancet,  1885 ; 
M'Gregor  (do.),  Glas.  Med.  Jour.,  1877.  Ces^odci— fully  in  Ledckaet  und  Kuchen- 
meister;  Neissee,  Die  Echinococcenkrankheit,  1877;  Beaun,  Entwickelungsgesch. 
des  breiten  Bandwurms,  1883.  iV'e??iaCoda— Vlrchow,  Die  Lehre  von  den  Trichinen, 
1866 ;  Lewis,  Pathl.  significance  of  nematode  hsematozoa,  1877 ;  Banceoft,  Path, 
trans.,  1878,  xxix.;  Mansok,  Filaria  sang,  horn.,  1883,  also  Path,  trans.,  1881,  xxxii.; 
Mackenzie,  Path,  trans.,  1882,  xxxiii.  394;  Myers,  Observations  on  Filaria  sang, 
horn.,  Shanghai,  1881  and  1886;  Scheube,  in  Volkmann's  Sammlung,  1883,  No.  232. 
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PYREXIA— FEVEE. 

Normal  Temperature,  resulthuj  from  balance  of  production  and  discharf/e  of  heat, 
regulated  by  a  calorific  centre  in  the  brain.  Limitations  of  jMwer  ofrecjulation 
rohen  body  exposed  to  excessive  cold  or  excessive  heat.  Causation  and  Forms  of 
Pyrexia  —Production  from  lesions  of  nervous  system.  Post-mortem  rise  of  tem- 
perature. Pyrexia  from  contamination  of  the  Mood,  Fever  proper;  vsiuilly  due  to 
action  of  microbes  ;  phenomena  ofcoldstage,  offastiqium,  and  of  crisis.  Theories 
OF  Pyrexia— TAe  nervous  and  the  metabolic  theories.  Arguments  in  favour  of 
the  latter.  Other  Phenomena  of  fkver  :  cloudy  swelling,  increased  rate  of 
pulse  and  resjnrations,  fall  of  blood-jyressure  and  nervous  disturbances.  Post- 
mortem APPEARANCES  IN  FEVERS. 


IJNDEE  the  designations  pyrexia  and  fever  are  included  conditions 
of  the  bod}^  in  which  the  constant  phenomenon  is  an  elevation  of 
the  temperature  of  the  body.    In  order  to  understand  this  pathological 
change  we  must  first  consider  the  normal  temperature  of  the  body. 

Normal  temperature.— It  is  a  remarkable  fact  that  in  man,  as  in 
other  warm-blooded  animals,  the  temperature  of  the  body  is  maintained 
m  all  climates  at  a  nearly  constant  level,  there  being  in  the  healthy 
person  merely  slight  daily  variations.  This  normal  temperature  may 
be  stated  at  about  99°  Fahrenheit  or  37°  Centigrade.  This  fact  implies 
that  the  production  of  heat  in  the  body  exactly  balances  the  loss  of  heat 
by  the  body.  The  production  of  heat  is  by  a  process  of  combustion, 
and  its  amount  will  be  equivalent  to  a  certain  quantity  of  oxygen 
absorbed  and  carbonic  acid  given  off,  just  as  any  ordinary  combustion 
may  be  expressed  in  these  terms. 

Normal  heat  production.— The  seat  of  heat  production  is  in  the 
living  tissues;  and  their  vital  processes  mostly  involve  combustion. 
The  chief  sources  of  heat,  however,  are  the  active  muscles,  the  secreting 
glands,  and  the  nervous  system,  but  all  the  active  tissues  of  the  body 
seem  to  contribute. 

Many  facts  render  it  apparent  that  heat  is  produced  in  much  greater  quantity  in 
muscular  contraction  than  in  the  performance  of  any  other  function.  We  are  not 
only  sensible  of  a  great  production  of  heat  during  muscular  exertion,  but  actual 


NORMAL  PROCESS  OF  HKAT  PRODUCTION. 


349 


measurement  has  shown  that  during  contraction  the  muscles  produce  an  increased 
amount  of  heat. 

During  severe  muscular  exertion  the  body  temperature,  as  measured  in  the  axilla 
or  mouth,  has  been  found  elevated  as  much  as  from  0-5°  to  1°  Centigrade.  Also, 
the  amount  of  heat  given  oli  while  prisoners  were  exercising  on  the  treadmill, 
has  been  foimd  to  be  very  excessive.  Again,  the  measurement  of  the  tem- 
perature of  contracting  muscles  has  shown  that  heat  was  being  produced.  The 
human  biceps,  even  before  contraction,  has  a  temperature  of  about  1-5°  to  2°  C.  above 
that  of  the  surrounding  connective  tissue,  this  being  due  to  the  continual  tonic  con- 
traction of  the  muscle ;  but  during  contraction  the  temperature  rises  0-5°  to  1°  C. 
(Breschet  and  Becquerel,  Macalister).  Bernard  also  found  the  blood  of  the  muscu- 
lar branch  of  the  jugular  vein  increased  in  temperature  during  contraction  of  the 
muscles  of  the  jaw.  Then,  also,  there  is  the  great  rise  of  temperature  occui'ring  in 
tetanus,  whether  artificially  produced  in  animals  or  occurring  as  a  disease  in  man. 
In  the  former  case,  when  tetanic  spasm  is  produced  by  electric  stimulation,  the  tem- 
perature of  the  body  may  rise  5°  C.  In  man  very  high  temperatures  have  been 
registered  in  tetanus.  Wunderlich  has  fomid  it  as  high  as  44-75°  C.  (112-5°  F.),  and 
after  death  45-4°  C.  (113-6°  ¥.). 

The  muscular  tissue  of  the  body  seems  to  be  a  constant  source  of  heat  production. 
The  voluntary  muscles  are  in  a  continuous  state  of  tonic  contraction,  and  the  heart 
is  constantly  producing  heat  by  its  contractions.  It  has  been  calculated  by  Gr6hart 
that  the  heat  produced  by  the  heart  is  about  equal  to  a  twenty-fourth  of  that  of  the 
whole  body. 

Next  to  the  muscles  the  Secreting  glands  seem  to  contribute  most  to  the  heat  of 
the  body.  Ludwig  found  that  when  the  submaxillary  gland  is  stimulated  the 
secreted  saUva  is  warmer  than  the  blood  of  the  carotid,  and  Bernard  found  the 
blood  leaving  the  glands  warmer  than  that  passing  to  them.  The  intestinal  glands 
and  the  liver  are  also  great  sources  of  heat.  Bei-nard  found  the  blood  of  the  portal 
vein  0-1°  to  0-4°  C.  higher  than  that  of  the  aorta,  and  the  blood  of  the  hepatic  vein 
0-2°  to  0-4°  higher  than  that  of  the  portal,  showing  that  heat  is  produced  first  in  the 
glands  of  the  intestine  and  then  in  the  liver.  The  highest  temperature  in  the  body 
is  said  to  be  found  in  the  liver. 

The  central  Nervous  system  is  also  a  heat-producer.  Observation  in  animals 
which  had  been  artificially  cooled  and  in  hibernating  marmots  showed  that  electric 
stimulation  of  the  nervous  system  causes  rise  in  temperature  in  the  brain. 

The  temperature  of  the  body  rises  slightly  after  the  ingestion  of  food.  This  may 
be  due  to  the  activity  of  the  glands  concerned  in  assimilation,  or  to  the  oxidation  of 
the  products  of  digestion  in  the  blood. 

The  production  of  heat  is  approximately  measured  by  the  consumption  of  oxygen 
and  elimination  of  carbonic  acid.  In  the  case  of  a  cold  or  tepid  bath,  more  heat 
must  be  produced  in  order  to  compensate  for  its  extraction  by  the  unusually  cold 
medium.  Experiment  shows  that  under  these  circumstances  there  is  an  increase  in 
the  absorption  of  oxygen  and  exhalation  of  carbonic  acid.  In  man  the  experiment 
cannot  be  long  continued,  and  it  cannot  be  said  that  the  results  give  more  than  an 
approximate  indication  of  quantities.  The  carbonic  acid  produced  may,  for  ex- 
ample, be  retained  to  some  extent  in  the  body  and  so  the  results  vitiated. 

Discharge  of  heat.— The  living  body  is  continually  giving  off  heat  in 
various  ways,  but  chiefly  by  the  skin  and  lungs.  There  is  a  constant 
radiation  and  evaporation  from  the  surface  of  the  body,  while  in  the 
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lungs  there  is  a  continual  cooling  of  the  respiratory  surfaces  by  the 
inspired  air,  and  a  further  loss  of  heat  by  the  evaporation  of  moisture 
from  these  surfaces.  The  amount  of  heat  lost  will  depend  on  the  one 
hand  on  the  extent  of  the  cutaneous  surface,  its  temperature,  the 
activity  of  perspiration,  and  the  temperature  of  the  surrounding  media, 
and  on  the  other  hand  on  the  depth  of  the  respirations  and  the  temper- 
ature of  the  inspired  air. 

Regulation  of  temperature. — The  fact  that  in  healthy  persons  the 
temperature  remains  close  to  a  constant  normal,  indicates  that  there  are 
arrangements  in  the  body  whereby  the  production  and  discharge  of  heat 
are  regulated  in  their  amount.  These  arrangements  are  under  the 
control  of  the  nervous  system,  which  must  contain  a  Calorific  centre, 
located  by  some  observers  in  or  above  the  pons,  and  more  particularly 
in  the  cortex  of  the  cereljrum,  about  the  middle  of  its  lateral  or  external 
surface  (Wood,  Hitzig,  Hale  A¥hite).  The  regulation  of  temperature  takes 
place  chiefly  by  modifying  the  discharge  of  heat  on  the  one  hand,  and 
its  production  on  the  other.  That  is  to  say,  the  state  of  the  skin  as 
regards  fulness  of  its  vessels,  and  activity  of  the  sweat-glands  is  subject 
to  variation  according  as  heat  requires  to  be  economized  or  expended. 
The  respiratory  movements  are  also  subject  to  variation,  according  to 
need.  Human  beings,  again,  assist  in  the  regulation  by  clothing  them- 
selves according  to  the  requirements  of  the  body.  By  these  means  the 
central  nervous  system,  chiefly  through  the  vaso-motor  and  respiratory 
nerves,  regulates  the  loss  of  heat.  The  production  of  heat  is  also  to 
some  extent  controlled  by  the  nervous  system.  'When  more  heat 
is  needed  the  tonicity  of  the  muscles  is  increased,  they  become  harder 
and  more  braced.  Shivering  is  a  kind  of  exaggerated  tonicity  whose 
rationale  seems  generally  an  increased  production  of  heat. 

The  limits  of  the  power  of  regulation  are  seldom  reached  in  healthy 
persons.  Almost  any  vai-iation  in  the  amount  of  heat  produced  is  com- 
pensated by  alterations  in  the  state  of  the  skin  and  respiration.  Not 
even  the  severe  muscular  exertion  of  climbing  a  mountain,  producing, 
as  it  does,  an  enormous  excess  of  heat,  is  able  to  raise  the  temperature 
of  the  body  appreciably.  It  is  interesting  to  observe,  hoM^ever,  that 
violent  contraction  of  muscles  produced  by  morbid  influences  will  raise 
the  temperature.  It  is  so  in  convulsions  such  as  those  occurring  in 
epilepsy,  uraemia,  or  tetanus. 

The  power  of  regulation  is  not  so  great  against  variations  in  the 
external  temperature.  Prolonged  exposure  to  cold,  especiallj^  when  the 
muscles  arc  relaxed,  frequently  reduces  the  temperature.  Some  very 
low  temperatures  have  been  observed  in  drunkards  who  have  lain 
exposed  (Macewen,  Eeineke,  Peter).     On  the  other  hand  a  high 
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temperature  in  the  surrounding  media  will  sometimes  raise  the  body 
temperatiu-e.  If  the  air  be  dry  the  body  can  meet  a  considerable  eleva- 
tion of  temperature,  compensation  being  effected  by  excessive  joerspira- 
tion,  but  if  the  air  be  moist  as  well  as  hot,  or  if  a  bath  be  used,  then  the 
temperature  will  rise. 

As  the  actions  of  the  body  involve  the  production  of  heat,  if  the  temperature  of 
the  surrounding  media  be  even  near,  without  quite  reaching  that  of  the  body,  then 
a  prolonged  exposure  will  raise  the  latter.  When  a  rabbit  is  kept  in  a  box  at  a 
temperatm-e  above  32°  C.  its  temperature  rises,  so  that  when  the  air  is  at  36°,  the 
temperature  of  the  animal  has  risen  to  41°  or  42°  (Eosenthal).  In  guinea-pigs 
Cohnheim  observed  a  similar  result.  Again,  Stapff  found  during  the  construction 
of  the  St.  Gothard  tunnel  that  men  working  in  damp  air  at  about  30°  C.  had  their 
temperature  raised  to  40°  C.  (104°  F.). 

The  regulation  may  be  rendered  inefficient  by  some  interference  with  the  regulat- 
ing apparatus.  Thus,  persons  in  a  state  of  starvation  or  antemia  are  not  in  a  con- 
dition to  increase  the  production  of  heat  so  readily  as  others,  and  hence  they  are  less 
able  to  stand  cold.  Again,  interference  with  the  vaso-motor  nerves  may  hinder  the 
compensation  eiiected  through  them.  Thus,  the  division  of  the  sympathetic  nerves 
in  the  neck  of  rabbits,  by  paralysing  the  vaso-motor  nerves  of  the  ears,  produced  an 
active  congestion  in  these  parts,  which  lowered  the  temperature  two  degrees  C. 
Animals  paralysed  by  curare  or  morphia  are  more  readily  cooled  than  normal  ones, 
both  because  the  muscles  are  relaxed  and  because  the  cutaneous  vessels  are  dilated. 
Varnishing  the  bodies  of  rabbits  (with  tar,  linseed  oil,  collodion,  etc.),  causes  a  hyper- 
aemia  of  the  skin  and  thus  produces  a  lowering  of  temperature  which  may  be  fatal. 
Similarly,  extensive  burns,  by  producing  an  active  congestion  of  the  skin,  lead  to  a 
lowering  of  temperature.  In  both  cases,  if  precautions  are  taken  against  cooling,  the 
temperature  is  not  reduced.  Hence  the  treatment  of  burns  by  wrapping  in  cotton-wool. 

Causation  and  forms  of  pyrexia. — Among  the  conditions  in  which 
elevation  of  temperature  occurs,  there  are  two  distinct  classes  of  cases, 
which  may  indeed  be  used  as  mutually  illustrative  of  the  pathology  of 
fever,  but  which  in  the  first  instance  must  be  kept  rigidly  apart.  There 
are,  on  the  one  hand,  cases  due  to  disease  or  injury  of  the  central 
nervous  system,  and,  on  the  other  hand,  cases  in  which  a  poison  of  some 
sort  is  present  in  the  blood.  It  is  to  the  latter  class  of  cases  that 
the  term  Fever  is  usually  api:)lied,  this  term  including  other  symptoms 
besides  mere  elevation  of  the  temperature. 

Post-mortem  rise  of  temperature  is  not  infrequently  observed,  especially  when  the 
temperature  has  been  above  normal  at  the  time  of  death.  This  is  explained  by  the 
fact  that  the  tissues  do  not  all  die  simultaneously,  and  that  there  may  be  consider- 
able heat  production  after  the  heart  has  ceased  to  contract.  The  cessation  of  the 
circulation  in  the  skin  will  greatly  reduce  the  loss  of  heat  by  radiation,  and  the 
mtcmal  heat  production  may  temporarily  counterbalance  the  loss.  A  similar  ex- 
planation is  given  by  Cohnheim  of  the  rise  of  temperature  in  the  collapse  stage  of 
cholera.  Here  coldness  of  the  surface  is  associated  with  rise  of  internal  temperature. 
The  former  is  ascribed  to  defective  circulation  in  the  cutaneous  vessels,  due  to  the 
thickening  of  the  blood  which  results  from  the  loss  of  fluid  by  the  bowels,  which  is 
characteristic  of  cholera. 
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There  is  sometimes  a  rise  of  temperature  just  before  death  in  diseases  of  tlie  central 
nervous  system,  as  first  pointed  out  by  Wunderlich.  This  is  sometimes  associated 
with  convulsions  or  spasms,  but  may  occur  without  these,  and  is  difficult  of  ex- 
planation. 

Pyrexia  from  lesions  of  the  central  nervous  system. — There  are 
many  cases  on  record  in  which  injuries  or  diseases  of  the  brain  have  led 
to  elevation  of  temperature,  sometimes  to  a  high  degree.  These  clinical 
observations  have  been  confirmed  by  physiological  experiment.  The 
clinical  cases  consist  of  various  lesions  of  the  brain  and  cord,  such  as 
tumours,  injuries,  haemorrhages,  etc.  The  experiments  Avere  generally 
such  as  separate  the  medulla  oblongata  from  the  pons. 

Dr.  Hale  "White  has  made  a  very  admirable  collection  of  cases  of  pyrexia  from 
disease  of  the  nerve  centres.  He  classifies  the  cases  into  twelve  groups,  which 
include  tumours  of  the  brain  and  cord,  htemorrhages,  especially  of  the  pons,  embolism, 
ill-defined  degenerations,  insular  necrosis,  locomotor  ataxia,  obscure  nervous  cases 
(including  hysterical  pyrexia),  mental  disease,  injuries  to  the  sjoine  and  brain.  He 
endeavours  to  give  unity  to  the  cases  on  the  ground  that  in  all  of  them  there  is 
interruption  of  nerve-fibres  passing  from  a  supposed  centre  in  the  motor  region  of 
the  cortex  of  the  brain. 

The  experiments  of  Wood  of  Philadelphia  are  most  important  in  regard  to 
the  production  of  pyrexia  from  injury  to  the  brain  and  cord.  A  section  at  the 
junction  of  the  pons  and  medulla,  if  made  in  such  a  way  as  not  to  injm-e  the  vaso- 
motor centres  in  the  medulla  oblongata,  causes  a  rise  in  the  temperature  of  the 
animal. 

Both  Hale  White  and  Wood  found  that  injuries  or  diseases  of  the  central  nervous 
system  sometimes  lead  to  a  fall  of  temperature.  Such  a  result  seems  always  refer- 
able to  a  vaso-motor  paralysis  of  the  vessels  of  the  skin,  the  congestion  of  these 
vessels  causing  an  undue  cooUng  of  the  body. 

From  these  observations  an  endeavour  has  been  made  to  establish  the 
existence  of  a  calorific  or  thermic  centre  in  the  brain,  that  is  to  say,  of 
a  centre  which,  by  its  own  action,  is  capable  of  producing  heat.  "We 
have  seen  that  the  nervous  system  has  arrangements  for  the  regulation 
of  the  temperature,  but  there  is  not  sufiicient  evidence  that  there  is  any 
single  centre  having  a  direct  control  of  the  process  of  heat  production. 
The  lesions  which  lead  to  elevation  of  temperature  are  such  as  to  pro- 
duce complex  derangement  of  the  vaso-motor  and  muscular  functions, 
and  it  cannot  be  said  that  these  have  been  sufiiciently  eliminated  as  to 
prove  the  existence  of  a  centre  which  produces  its  efi'ects  apart  from  the 
ordinary  processes  in  the  muscles,  blood-vessels,  etc. 

According  to  the  views  of  Wood,  which  are  partly  adopted  by  Hale  White,  the 
heat-producing  tissues  have  a  continual  tendency  to  produce  too  much  heat,  and  the 
thermal  centre  is  chiefly  exercised  in  controlling  or  inhibiting  the  process.  As  the 
nervous  lesions  which  cause  a  rise  in  temperature  are  chiefly  such  as  paralize  or 
divide  the  nervous  connections,  it  is  supposed  that  they  act  by  removing  the  inhibi- 
tion of  the  thermal  centre. 
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Macalister  has  endeavoured  to  separate  a  thermogenic  or  heat-producing  function 
in  muscle  from  its  contractile  power,  and  to  refer  pyrexia  to  a  stimulation  of  the 
former. 

Pyrexia  from  contamination  of  the  blood.   Fever  proper. — In  the 

great  majority  of  cases  pyrexia  is  produced  by  the  existence  in  the 
blood  of  abnormal  patters.  These  are  most  commonly  the  products  of 
the  action  of  microbes,  but  the  microbes  themselves  need  not  enter  the 
blood;  it  is  sufficient  that  the  morbid  products  be  present  there.  Thus 
putrid  matter  injected  into  the  blood  gives  rise  to  fever,  but  it  does  so 
when  all  solid  particles  have  been  removed,  and  only  the  dissolved  pro- 
ducts used.  In  the  case  of  putrid  wounds  or  inflammations,  we  com- 
monly have  fever,  but  there  is  not  usually  any  actual  propagation  of 
bacteria  in  the  blood.  In  tuberculosis  also,  fever  is  usually  present,  but 
it  seems  doubtful  whether  the  tubercular  bacillus  is  at  all  capable  of 
multiplication  in  the  blood. 

But  fever  may  be  produced  without  the  agency  of  microbes.  It  has 
been  induced  by  the  injection  of  small  quantities  of  water  containing 
granides  of  starch  or  charcoal.  These  particles  having  caused  obstruction 
of  the  pulmonary  capillaries,  the  blood  shut  off  from  the  circulation 
undergoes  metamorphosis,  and  its  products,  being  absorbed,  cause 
pyrexia.  The  products  of  metamorphosis  of  the  blood,  produced  in 
other  ways,  may  lead  to  fever.  Thus  the  injection  of  large  quantities 
of  pure  water,  apparently  by  causing  solution  of  the  red  corpuscles, 
leads  to  elevation  of  temperature  (Billroth  and  others).  Even  an  ex- 
travasation of  blood  in  the  tissues  and  the  absorption  of  its  products 
may  lead  to  pyrexia.  Thus  Volkmann  found  that  in  1 4  cases  of  simple 
fracture  of  the  femur,  fever  was  present  in  11  cases,  in  5  it  lasted  for 
several  days,  in  one  as  long  as  ten. 

These  facts  have  surely  been  altogether  overlooked  by  Maclagan  in  a  very  ingenious 
theory  of  fever,  which  makes  it  depend  on  the  multiplication  of  micro-organisms  in 
the  blood. 

Fevers  have  been  divided  into  three  stages,  namely,  rigor  or  cold 
stage,  fastigium  or  acme,  and  crisis. 

During  the  Cold  stage  there  is  a  marked  feeling  of  cold,  and  the  skin 
IS  cold  to  the  touch,  and  pale  or  livid  in  apjjearance.  The  feeling  of 
cold  is  actually  due  to  a  reduction  in  the  temjoerature  of  the  skin,  and 
the  shivering  which  is  often  pronounced  in  this  stage  is  a  reflex  pheno- 
menon, just  like  ordinary  shivering  from  cold.  The  coldness  of  the 
surface  is  due  to  a  general  spasm  of  the  cutaneous  arteries. 

While  the  surface  is  cold  there  is  a  great  rise  in  the  internal  tem- 
perature. This  rise  may  be  partly  the  result  of  the  diminished  loss  of 
heat  from  the  surface,  but  is  not  entirely  so.    The  rise  is  too  great  to 
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be  accounted  for  in  this  way.  For  instance,  Liebermeister  found  that  in 
the  cold  stage  of  intermittent  fever  the  temperature  in  the  rectum  rose  in 
thirty  minutes  as  much  as  2-31°  C.  (4°  F.).  This  author  also  determined 
that  in  the  cold  stage  there  is  a  great  increase  in  the  process  of  combus- 
tion, as  evidenced  by  the  elimination  of  carbonic  acid.  The  very  rapid 
rise  in  temperature  is  therefore  due  to  increased  production,  -with 
diminished  discharge  of  heat. 

The  Fastigium  is  characterized  by  a  more  or  less  continued  elevation 
of  temperature,  which  may  last  for  days  and  weeks  and  keep  near  that 
attained  at  the  end  of  the  cold  stage.  There  is  great  increase  both  in 
the  23roduction  and  discharge  of  heat.  The  former  is  evidenced  by  an 
increased  absorption  of  oxygen  and  discharge  of  carbonic  acid,  and  the 
latter  has  been  determined  by  actual  observation.  The  hot  skin  of  the 
fever  patient  is  generally  a  sufficient  indication  of  excessive  discharge  of 
heat,  but  Leyden  has  demonstrated  it  by  experiment,  in  which  the  leg 
was  put  into  a  bath,  and  the  loss  of  heat  measured  bj^  the  rise  in  tem- 
perature in  the  water. 

As  the  fever  patient  eats  less  than  a  healthy  person,  the  excessive 
production  of  heat  takes  place,  to  a  large  extent,  by  the  combustion  of 
the  tissues.  Hence,  as  the  fever  progresses,  there  is  great  Wasting  of 
the  tissues,  both  of  the  adipose  tissue  and  the  proper  nitrogenous 
tissues.  The  consumption  of  the  nitrogenous  tissues  is  expressed  by  the 
appearance  in  the  urine  of  an  excess  of  urea,  which  is  the  chief  ultimate 
product  of  the  metabolism  of  the  nitrogenous  principles  in  the  body. 

Under  ordinary  circumstances  the  amount  of  urea  and  other  nitrogenous  substances 
in  the  urine  bears  a  close  relation  to  the  diet,  being  greatly  diminished  during 
fasting ;  hence  the  excretion  of  urea  in  fever  can  only  be  api^reciated  by  comparing 
it  with  that  of  a  healthy  person  on  the  same  diet.  A  young  healthy  man  on  ordinary 
febrile  diet  will  excrete  16  to  18  grammes  (245  to  275  grains)  of  urea,  while  a  similar 
person  in  fever  will  excrete  40  to  45  and  even  50  grammes.  The  excess  of  m-ea  has 
been  stated  by  Unruh  at  50  per  cent.,  by  Liebermeister  at  70,  and  by  Senator  at  100, 
that  is  at  double  the  normal  amount. 

It  is  a  point  of  great  interest  that  the  increase  of  urea  begins  in  some  cases  before 
the  rise  of  temperature  (Sidney  Einger  and  others).  This  has  been  observed  chiefly 
in  relapsing  fever,  and  indicates  a  period  in  which  the  fever  is  latent.  There  is 
also  usually  an  excess  of  urea  for  the  first  two  days  or  so  of  convalescence,  the 
"  epicritical "  excess.  This  is,  in  some  cases,  due  to  a  retention  of  urea,  whose 
amount  sometimes  shows  a  diminution  towards  the  crisis  of  the  fever,  especially  in 
cases  characterized  by  the  so-called  '  typhoid  state.' 

Besides  the  increase  of  urea,  there  is  an  increase  of  the  so-called  extractives,  which 
are  nitrogenous  principles  of  various  kinds.  The  colouring  matter  is  greatly  in- 
creased. The  soda  salts,  and  more  particularly  the  chloride,  are  diminished,  while 
the  potash  ones  are  much  increased.    The  phosphates  and  sulphates  are  increased. 

The  state  of  the  skin  during  the  fastigium  is  worthy  of  special 
attention,  especially  as  it  forms  an  important  item  in  the  means  of 
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regulating  the  temperature  of  the  body  in  hea,lth.  The  condition  varies 
considerably  in  dififerent  fevers,  and  even  in  the  same  case,  from  time  to 
time.  In  a  few  forms  (chiefly  acute  rheumatism)  there  is  usually  pro- 
fuse perspiration,  but  as  a  general  rule,  the  skin  is,  considering  the 
temperature,  remarkably  dry.  Even  apart  from  this,  however,  the 
condition  of  the  skin  in  regard  to  blood  supply  varies  greatly,  and 
its  temperature  also  varies.  Hence  the  temjDerature  of  the  skin 
does  not  bear  a  close  relationship  to  that  of  internal  organs. 

The  Crisis  or  Termination  of  fever  is  often  mox'e  or  less  abrupt. 
It  is  as  if  the  regulation  of  the  temperature  had  been  re-established 
in  its  normal  condition,  and  the  temperature  rapidly  falls  to  the  normal. 
This  is  often  accompanied  by  an  attack  of  sweating,  this  part  of  the 
apparatus  for  regulating  the  temperature,  which  we  have  seen  to  be 
disordered,  being  restored  to  actipn.  The  other  secretions  are  also 
restored  at  the  crisis,  the  salivary,  gastric,  etc.  It  is  remarkable  how 
a  temperature  which  has  been  for  days  or  weeks  persistently  above 
normal,  will  suddenly  and  definitely  fall,  and  with  this  all  the  symptoms 
at  once  improve.  Sometimes,  however,  there  is  a  more  gradual  fall  of 
temperature,  and  instead  of  a  crisis  we  have  a  Lysis. 

Theories  of  pyrexia. — The  very  strildng  phenomena  described  above 
have  been  somewhat  variously  explained.  In  order  that  the  different 
theories  may  be  understood,  let  us  remember  the  principal  facts  in 
regard  to  the  phenomena.  The  rise  in  temperature  is  due  directly 
to  an  abnormal  combustion  in  the  tissues,  but  the  actual  amount  of 
heat-production  is  not  greater  than  what  frequently  obtains  in  health 
^vithout  any  rise  in  the  temperature.  The  mode  of  heat-production,  how- 
ever, is  abnormal,  implying  a  pathological  metabolism  in  the  tissues, 
but  there  is  something  abnormal  also  in  the  regidation  of  the  tempera- 
ture, as  the  body  does  not  dispose  of  an  amount  of  heat  which  it  is 
capable  of  disposing  of  under  normal  circumstances. 

It  is  acknowledged  in  all  modern  theories  of  fever  that  the  abnormal 
heat-production  is  in  the  tissues,  and  is  the  result  of  increased  tissue- 
change,  and  it  is  agreed  that  the  regulating  process  by  the  nervous 
system  is  altered,  but  opinions  differ  in  regard  to  the  exact  place  which 
the  nervous  system  takes  in  the  matter.  According  to  one  view  pyrexia 
is  essentially  due  to  the  action  of  the  nervous  system,  alterations  in  the 
heat-centre  inducing  the  increased  tissue-change,  and  at  the  same  time 
changing  the  regulatory  process.  The  view  ojiposcd  to  this  is  that 
the  increased  heat-production  is  due  directly  to  the  action  of  the 
contaminated  blood  on  the  tissues,  the  abnormal  constituents  in  the 
former  inducing  increased  chemical  change  in  the  latter.  The  altered 
regulation  is  also  regarded  as  related  to  the  state  of  the  blood. 
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The  Nervous  theories  of  fever. — The  various  theories  which  trace 
pyrexia  to  a  nervous  origin  are  chiefly  based  on  the  facts  already 
indicated,  that  injuries  to  the  brain,  whether  produced  exjjerimentally 
in  animals  or  accidentally  in  man,  have  been  known  to  cause  a  rise 
in  temperature,  sometimes  to  a  very  high  degree. 

The  view  of  Liebermeister,  adopted  in  this  country  by  Hilton  Fagge, 
is  that  in  fever  the  high  temperature  depends  on  a  change  in  the  normal 
function  of  heat-regulation,  according  to  which  the  balance  of  heat-pro- 
duction and  discharge  is  so  arranged  as  that  the  temperature  is  main- 
tained at  a  higher  level.  The  regulatory  apparatus  is  at  work,  but  it 
has  pitched  its  normal  at  a  higher  level.  The  object  of  this  change  is  a 
curative  one.  The  high  temperature  has  an  influence  in  freeing  the  blood 
of  the  abnormal  constituents  which  we  have  seen  to  be  present  in  fever. 

The  view  of  Wood,  Hale  White,.  D.  Macalistex',  and  others  is  almost 
the  converse  of  this.  According  to  them  the  heat-centre  is  paralysed 
by  the  fever-jDroducing  agent.  This  centre  when  in  normal  action,  as 
we  have  seen,  is  supposed  to  restrain  or  inhibit  the  production  of  heat, 
and  when  paralysed  it  allows  of  an  over-production. 

The  Metabolic  theory  of  pyrexia. — According  to  this  theory  the 
abnormal  production  of  heat  is  due  to  the  direct  action  of  the  fever- 
producing  agents  on  the  living  tissues,  while  the  due  regulation  of  the 
temperature  is  interfered  with. 

To  the  author  there  are  insuperable  diflaculties  in  accepting  the 
purely  nervous  theory  of  fever.  Pyrexia  is  produced,  as  we  have  seen, 
by  a  large  number  of  difi"erent  agents,  each  of  which  when  present  in 
the  blood  produces  a  rise  of  temperature.  They  do  so  also,  up  to  a 
certain  point,  in  proportion  to  the  amount  of  the  agent  present  in  the 
blood.  In  seems  inconsistent  that  such  diS"erent  agents  should  act  in  a 
similar  fashion  on  the  nervous  system. 

Besides,  the  production  of  heat  is,  apparently,  by  a  process  distinct 
from  normal  heat-production.  In  the  normal  production  of  heat  in 
muscles,  contraction  is  a  constant  if  not  a  necessary  element,  and  the 
production  of  heat  in  glands  and  elsewhere  is  associated  with  the  per- 
formance of  their  function.  In  fever,  however,  the  muscles  are  relaxed 
and  the  glands  are  to  a  largo  extent  dej^rived  of  their  function,  and  the 
production  of  heat  is  due  to  a  destructive  combustion  of  the  tissues,  and 
is  thus  abnormal  in  its  method.  It  seems  more  pi'obable  that  a  morbid 
agent  in  the  blood  directly  induces  this  change  in  the  tissues,  than 
that  it  should  bo  due  to  a  nervous  influence. 

This  also  would  give  us  the  key  to  the  paralj^sis  of  the  regulatory 
apparatus,  This  apparatus  has  relations  on  the  one  hand  "Hath  the 
heat-producing  functions,  and  on  the  other  hand  with  the  heat-discharg- 
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ing,  and  it  is  by  the  mutual  regulation  of  these  that  the  normal  balance 
is  maintained.  But  if  heat-production  proceeds  from  an  extraneous 
cause,  and  is  therefore  placed  outside  the  influence  of  the  regulating 
centre,  then  the  latter  may  reasonably  be  expected  to  be  at  fault.  In 
addition,  the  fever-producing  agent  acts  on  the  nervous  centres  as  well 
as  on  other  organs  and  produces  a  certain  paralysis  of  their  functions,  just 
as  it  paralyses  secretion  and  muscular  contraction.  In  most  fevers  the 
cerebral  functions  are  abnormal,  although  the  form  of  disturbance  varies 
considerably  in  the  different  fevers. 

It  may  be  a  question  to  what  extent  the  increased  metabolism  of  the 
tissues  is  a  reaction  a.gainst  the  morbid  agent  in  the  blood.  In  this 
sense  the  rise  in  temperature  may  possibly  be  related  to  the  elimination 
of  the  morbid  agent,  although  the  view  that  the  rise  in  temperature  in 
itself  inhibits  the  morbid  poison  can  scarcely  be  sustained. 

Other  phenomena  of  fever. — Most  of  the  remaining  phenomena  of 
fever  are  to  be  brought  into  relation  either  with  the  rise  in  temperature 
or  the  direct  action  of  the  fever-producing  agent. 

Parenchymatous  degeneration  or  Cloudy  swelling  is  a  frequent  change 
in  the  tissues  in  fever.  It  affects  chiefly  the  muscles  and  the  secreting 
glands.  Sometimes  there  is  great  enlargement  of  the  liver  and  kidneys 
from  this  cause.  The  weakness  of  the  heart,  which  is  so  marked  in 
many  fevers  and  may  give  rise  to  dilatation  of  its  cavities,  is,  partly  at 
least,  due  to  this.  The  parenchymatous  change  has  been  ascribed  to 
the  action  of  the  over-heated  blood  (Liebermeister,  Wickham  Legg), 
but  this  explanation  is  not  sufficient,  as  it  may  be  absent  in  cases  where 
the  temperature  has  been  high  (in  cases  of  acute  pneumonia)  and  is 
sometimes  present  without  fever  (Cohnheim).  The  action  of  the  altered 
blood  must  be  taken  along  with  the  high  temperature. 

The  increased  rate  of  the  pulse  is  generally  referred  directly  to  the 
action  of  the  rise  in  temperature  on  the  heart.  It  is  known  by  experi- 
ment that  when  the  heart  is  artificially  raised  in  temperature,  by  heat- 
ing the  blood  which  is  passing  to  it  or  by  increasing  the  temperature  of 
the  surrounding  air  after  the  heart  has  been  exposed,  it  beats  at  an 
accelerated  rate.  The  increased  frequency  of  respiration  is  also  ascribed 
to  the  elevation  of  temperature  of  the  blood.  Goldstein,  by  heating  the 
blood  in  the  carotid  so  that  the  temperature  in  the  medulla  oblongata 
was  raised,  caused  great  acceleration  of  the  respiration.  ^ 

Fall  of  blood-pressure  is  a  usual  concomitant  of  fever,  although  it  is 
not  always  present.  It  is  present  as  evidenced  by  Dicrotism  of  the 
pulse  in  typhoid,  septic,  and  puerperal  fevers,  but  absent  in  the  eruptive 
stages  of  scarlet  fever  and  small-pox  (Recklinghausen).  It  is  to  be 
ascribed  to  a  general  relaxation  of  the  arteries  due  to  a  paralysis  of  the 
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muscular  coat  similar  to  that  of  the  voluntary  muscles,  but  also  to  some 
extent  to  the  weakness  of  the  heart. 

The  nervous  disturbances  in  fevers  vary  greatly  and  are  only  in  part 
to  be  ascribed  to  the  high  temperature.  In  relapsing  fever  and  in  the 
rise  of  temperature  which  sometimes  occurs  in  simple  fractures  or  under 
the  antiseptic  treatment  of  wounds,  there  are  usually  no  nervous 
disturbances.  On  the  other  hand,  typhus  fever  is  usually  accompanied 
by  delirium;  typhoid,  with  dulness  of  mind,  etc.;  while  in  children  con- 
vulsions occasionally  accompany  fever.  These  facts  indicate  that  the 
nervous  symptoms  are  essentially  related  to  the  pyrogenic  agent,  and 
differ  with  the  nature  of  it. 

Post-mortem  appearances  in  fever. — It  will  be  inferred  from  what  has 
gone  before  that  there  are  no  constant  anatomical  changes  characteristic 
of  all  fevers.  The  most  frequent  are  the  parenchymatous  changes  already 
referred  to,  but  even  these,  as  we  have  seen,  are  not  constant.  In  the  acute 
specific  fevers  the  blood  is  usually  found  after  death  imperfectly  coagu- 
lated. As  a  consequence  of  this  it  stains  the  heart  and  vessels,  and  the 
colouring  matter  frequently  penetrates  to  surrounding  parts,  producing 
frequently  deep  staining  of  the  skin.  The  spleen  is  enlarged  in  most 
fevers,  and  it  is  frequently  very  soft,  especially  in  typhus.  Sometimes 
there  are  wedge-shaped  infarctions.  The  liver  is  commonly  enlarged 
from  parenchymatous  degeneration,  which  is  frequently  associated  with 
a  certain  amount  of  fatty  degeneration.  The  kidneys  are  also  commonly 
enlarged.  The  muscles  are  liable  to  parenchymatous  degeneration,  but 
they  are  also  subject  to  waxy  degeneration,  especially  in  typhoid  fever. 

Besides  these  general  changes,  many  of  the  individual  fevers  have 
specially  localized  lesions,  such  as  the  affection  of  the  intestine  and 
mesenteric  glands  in  typhoid  fever,  of  the  throat  in  scarlet  fever,  of  the 
skin  and  mucous  membranes  in  small-pox,  and  of  the  soft  membranes 
of  the  brain  in  epidemic  cerebro-spinal  meningitis. 
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PART  SECOND -DISEASES  OF  THE 
SPECIAL  ORGANS  AND  SYSTEMS. 

SECTION  I. 

DISEASES  OF  THE  ORGANS  OF  CIECULATION. 
A.— THE  HEART  AND  PERICAEDIUM. 

I.  Co>-GENiTAL  MALFORMATIONS,  cMeJly  of  the  heart  and  great  vessels.  Caitsaiion 
and  forms.  Cyajiosis  a  common  residt.  II.  Coagula  in  the  heaet  ;  the 
various  forms  of  thrombi.  III.  Occlusion  and  stenosis  of  the  coronaky 
ARTERIES.  Causes.  Phenomena  in  acute  and  chronic  obstruction.  IV. 
Retrograde  changes.  1.  Atrophy,  including  brown  atrophy,  2.  Fatty 
infiltration,  .3.  Fatty  degeneration,  4.  Calcareous  infiltration,  5.  Other  forms,  6. 
Injuries  and  rupture.  V.  Hypertrophy.  Causes,  including  overstrain. 
Forms  of  hypertrophy.  VI.  Inflammation.  1.  Myocarditis,  parenchyma- 
tous, purtdent,  and  interstitial,  2.  Endocarditis,  acute,  chronic,  and  ulcerative,  3. 
Pericarditis,  acute,  chronic,  and  tubercular.  VII.  Valvular  disease.  1. 
Insufficiency  and  2.  Stenosis  of  mitral,  3.  Insufficiency  and  4.  Stenosis  of  aortic 
valves,  5.  Valvular  disease  of  right  heart. 

I.— CONGENITAL  MALFORMATIONS  OF  THE  HEART. 

IVTISPLACEMENTS  of  the  heart  are  of  rare  occurrence,  and  the  more 
important  of  them  are  merely  part  of  a  general  malformation  of 
the  body.  The  heart  may  be  transposed,  that  is  to  say,  placed  in  a  posi- 
tion on  the  right  side  of  the  chest  corresponding  with  that  which  it 
normally  occupies  on  the  left.  With  this  there  is  usually  transposition 
of  the  viscera,  but  it  sometimes  occurs  alone.  Again,  the  heart  may 
occupy  the  middle  line,  as  it  does  in  early  foetal  life.  It  may  be  placed 
outside  the  thorax  altogether.  { Ectopia  cordis),  but  in  this  case  there  are 
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other  congenital  malformations,  and  that  of  the  heart  only  forms  a 
part.    (See  p.  47.) 

Absence  of  the  pericardium  is  a  rare  congenital  malformation,  and  is 
mostly  associated  with  misjjlacement  of  the  heart.  It  is  not  to  be  con- 
fused with  adhesion  of  the  pericardium  and  consequent  obliteration  of 
the  sac  which  is  so  frequent  in  after-life. 

Diverticulum  of  pericardium  is  an  unusual  malformation.  It  occurs 
in  the  form  of  a  sac  with  a  narrow  neck,  which  communicates  with  the 
pericardium.  When  distended  the  sac  is  about  the  size  of  a  pigeon's 
egg.  (See  cases  by  Bristowc,  Path,  trans.,  xx.  101,  and  by  author  in 
Catalogue  of  Western  Infirmary  Museum.) 

Malformations  of  the  heart  and  great  vessels.— These  for  the  most 
part  represent  survivals  of  foetal  conditions,  and  in  order  to  their  com- 
prehension it  will  be  necessary  here  to  refer  briefly  to  the  state  of  the 
heart  in  early  foetal  life,  and  the  changes  which  it  subsequently  under- 
goes.   The  heart  at  an  early  period  consists  of  two  cavities,  an  auricle 
and  a  ventricle.    The  simple  auricle  receives  the  two  venje  cavse,  and 
the  ventricle  gives  origin  to  the  common -arterial  trunk.    The  ventricle, 
the  auricle,  and  the  common  arterial  trunk  subsequently  undergo  sub- 
division each  into  two.    This  separation  in  the  ventricle  begins  near  the 
apex ;  the  septum  gradually  rises  towards  the  base,  its  completion  at 
the  base  being  delayed  after  the  rest  of  the  septum  has  been  formed. 
Eokitansky  distinguishes  two  parts  in  the  ventricular  septum,  namely, 
an  anterior  (sepkmi  anterius)  which  divides  the  orifices  of  the  aorta  and 
pulmonary  artery,  and  a  posterior  {septum  posterius)  which  comes 
between  the  two  auriculo-ventricular  openings.    The  undefended  space 
{pars  membranacea)  is  at  the  union  of  the  anterior  and  posterior  septa, 
and  will  be  the  last  part  to  close.    The  common  arterial  trunk  begins  to 
show  signs  of  division  by  a  septum  about  the  time  that  the  interventri- 
cular septum  is  approaching  the  base.    A  septum  passing  from  both 
sides  of  the  artery  meets  and  divides  the  vessel  into  what  are  subse- 
quently the  pulmonary  artery  and  the  aorta.    These  are  so  adjusted  as 
to  connect  with  the  right  and  left  ventricles  respectively.    The  di^asion 
of  the  auricles  does  not  begin  till  the  ventricular  septum  is  nearly  com- 
pleted, namely,  about  the  ninth  v^eek,  and  after  being  fully  formed  the 
septum  remains  partially  open  during  the  whole  of  intra-uterine  life. 

Causation  of  malformations  of  the  heart.— A  large  proportion  of 
cases  of  malformation  are  related  to  narroAvness  or  Stenosis  of  the  pul- 
monary artery.  This  has  been  variously  ascribed  to  inflammation 
during  foetal  life,  and  defective  formation  of  the  parts  in  the  foetus. 

By  some  (Peacock,  Meyev)  inflammation  occurring  in  early  fostal  life  has  been 
assigned  as  the  cause  of  the  stenosis.    We  shall  see  afterwards  that  inflammation 
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of  the  endocardium  frequently  leads  to  valvular  lesions,  which  result  in  obstruction 
of  the  orifices.  In  the  adult  it  mostly  occurs  in  the  valves  of  the  left  side  of  the 
heart,  and  this  is  usually  ascribed  to  the  fact  that  the  systemic  arteries  are  liable  to 
greater  variations  in  blood-pressure  and  greater  strain  than  the  pulmonary  vessels. 
In  the  fcetus  a  much  larger  proportion  of  the  circulation  is  dependent  on  the  right 
ventricle,  the  abdominal  aorta  and  umbilical  arteries  being  fed  by  this  ventricle. 
The  umbiUcal  arteries  are,  from  their  position,  exposed  to  variations  in  pressure,  and 
this  may  tell  on  the  pulmonary  artery  at  its  origin. 

On  the  other  hand,  Eokitansky  seeks  to  ascribe  the  frequency  of  defect  of  the 
pulmonary  artery  to  deficiency  in  the  original  formation  of  the  septum  dividing  the 
primary  common  arterial  trunk.  This  is  probably  the  more  correct  explanation,  as 
there  are  seldom  traces  of  inflammation  visible  in  the  endocardium  at  birth,  and, 
besides,  the  lesion  is  not  simply  one  of  the  valves,  which  inflammation  produces,  but 
frequently  a  real  narro^ving  or  defect  in  the  artery,  as  if  in  the  division  of  the 
primary  arterial  stem  the  greater  part  had  been  monopolized  by  the  aorta. 

The  stenosis  of  the  pulmonary  artery  is  commonly  associated  with  de- 
fects in  the  septa,  and  these  may  be  ascribed  to  a  mechanical  interference 
with  the  complete  closure  of  the  septa.  Let  us  suppose  that  the  common 
arterial  trunk,  instead  of  dividing  in  the  normal  way  into  pulmonary  artery 
and  aorta,  does  so  imperfectly,  and  so  there  is  a  large  aorta  and  a  small 
pulmonary  artery,  or  even  an  entire  absence  of  the  latter.  In  the  case 
last  mentioned  the  blood  from  the  right  ventricle,  as  well  as  that  from 
the  left,  would  pass  into  the  aorta,  and  the  constant  recurrence  of  this 
passage  of  blood  at  each  systole  of  the  ventricle  would  prevent  the 
closure  of  the  septum  at  the  base,  and  cause  the  aorta  to  take  perma- 
nent origin  from  the  right  ventricle  as  well  as  from  the  left.  On  a 
similar  principle  the  obstruction  of  the  pulmonary  artery  will,  by  raising 
the  pressure  of  the  blood  in  the  right  auricle,  interfere  with  the  closure 
of  the  foramen  ovale. 

Instead  of  stenosis  of  the  pulmonary  artery,  we  may  have  a  similar 
condition  of  the  aorta.  The  consequence  of  this  will  be  defect  of  the 
septa  and  alterations  in  the  circulation,  the  latter  differently  located 
to  those  already  mentioned. 

Forms  of  malformation. — 1.  Defects  of  the  septum  ventriculorum. — 
As  already  indicated,  this  usually  goes  along  with  defect  of  the  great 
vessels.  When  the  stenosis,  as  is  mostly  the  case,  is  in  the  pulmonary 
artery,  it  is  chiefly  the  anterior  part  of  the  septum  which  is  defective ; 
while  in  the  case  of  aortic  stenosis  it  is  the  posterior  (Eoldtansky). 
The  defect  is  u.sually  in  or  near  the  undefended  space  (see  Fig.  141), 
which  in  the  adult  is  normally  composed  only  of  the  two  layers 
of  the  endocardium,  and  may  even  present  a  small  aperture.  The 
defect  may  be  so  great  as  that  there  is  virtually  no  septum,  the  ventricle 
being  composed  of  a  single  cavity,  or  it  may  present  various  degrees  of 
divergence  from  this  extreme. 
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2.  Defects  of  the  septum  auriculorum. — The  auricular  septum 'nor- 
mally presents  up  to  the  time  of  birth  an  aperture,  the  foramen  ovale. 
The  least  degree  of  defect  of  this  septum  is  the  permanent  or  partial 


Fig.  141.— Defect  of  inter- ventricular  septum.  The  gap  is  situated  at 
the  base,  iu  the  position  of  the  undefended  space  in  the  normal  heart 
(Peacock.) 

Patency  of  the  foramen  ovale.  A  certain  degree  of  this  is  frequently 
present  in  adult  hearts,  but  the  apertui'e  is  usually  so  small  or  so  valved 
that  there  is  virtually  no  communication  between  the  contents  of  the 
two  auricles.  The  non-closure  of  the  foramen  may  thus  be  a  mere 
accident  and  of  no  pathological  significance,  but  it  may  coincide  with 
and  be  caused  by  stenosis  of  the  pulmonary  artery  or  aorta,  and  in  that 
case  there  will  be  an  actual  and  persistent  communication  between  the 
two  cavities. 

In  more  extreme  cases  the  septum  itself  will  be  defective.  It  may  be 
entirely  wanting  or  only  defective  at  its  lower  part.  This  lesion 
frequently  coincides  with  a  defect  of  the  posterior  ventricular  septum. 

3.  Stenosis  of  the  pulmonary  artery.— This  may  be  to  a  slight  or  to 
an  extreme  degree.  In  most  cases  the  ventricular  and  auricular  septa 
are  also  defective.  (Kussmaul  in  1 92  cases  found  the  ventricular  septum 
complete  in  only  21.)  The  most  extreme  case  is  that  in  which  the  pul- 
monary artery  is  entirely  wanting,  and  the  aorta  receives  the  blood 
from  both  ventricles.  In  this  case  the  lungs  are  suj^plied  from  the 
aorta  by  means  of  the  Ductus  arteriosus  Botalli,  which  remains  patent, 
the  blood  passing,  however,  in  the  reverse  direction  to  that  which 
obtains  in  the  fa3tus.    In  its  minor  degrees  stenosis  of  the  pulmonary 
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artery  may  be  associated  with  a  complete  ventricular  septum,  but  the 
foramen  ovale  is  likely  to  remain  open.  Stenosis  of  the  pulmonary 
artery  leads  to  hypertrophy  of  the  right  ventricle  just  as  a  similar 
obstruction  does  in  the  adult. 

4.  Stenosis  of  the  aorta.— In  this  case  also  there  is  usually  defect  of 
the  septa.  The  narrowness  of  the  aorta  may  be  at  its  origin  or  further 
on  near  the  insertion  of  the  ductus  arteriosus.  In  the  foetus  there  is  a 
narrow  part  between  the  origin  of  the  subclavian  and  the  point  of 
entrance  of  the  ductus  arteriosus  called  the  isthmus  aortce,  this  part  being 
scarcely  in  use  in  the  foetus.  The  narrowness  may  partially  persist 
after  birth.  Stenosis  of  the  aorta,  even  amounting  to  atresia,  may  have 
little  effect  on  the  circulation  during  foetal  life,  the  systemic  circulation 
being  carried  on  by  the  pulmonary  artery  through  the  ductus  arteriosus. 
But  at  birth  the  great  accession  of  blood  from  the  lungs  coming  to  the 
left  auricle  may  have  difficulty  in  getting  away  from  the  ventricle.  In 
cases  of  stenosis  of  the  isthmus  aortse  the  circulation  will  be  carried  on 
by  the  aid  of  anastomosis  between  the  subclavian  artery  and  the 
thoracic  and  abdominal  aorta. 

5.  Persistence  of  the  ductus  arteriosus  Botalli.— This  communica- 
tion between  the  pulmonary  artery  and  thoracic  aorta  is  patent  up  to 
the  time  of  birth.  After  birth  it  becomes  converted  into  a  solid  cord. 
It  may  remain  patent  when  from  any  cause  the  circulation  is  abnormally 
directed  through  it.  This  may  occur  by  reason  of  obstruction  of  the 
pulmonary  artery  or  aorta,  or  from  stenosis  of  the  mitral  orifice.  It  has 
also  been  observed  without  any  other  malformation  in  cases  of  obstruc- 
tion to  the  pulmonary  circulation  from  insufficient  inflation  of  the  lungs 
(atelectasis). 

6.  Transposition  of  the  great  vessels.— This  consists  in  a  reversal  of 
the  relative  positions  of  pulmonary  artery  and  aorta,  so  that  the  former 
takes  origin  from  the  left  ventricle  and  the  latter  from  the  right.  The 
blood  from  the  systemic  veins  will  be  sent  direct  into  the  aorta  without 
first  passing  through  the  lungs,  and  the  right  ventricle  will  undergo 
hypertrophy,  and  become  like  the  left.  In  such  cases  the  conditions  of 
life  are  very  unfavourable,  and  yet  in  one  case  life  was  prolonged  for 
three  years.  Rokitansky  has  pointed  out  that  even  though  the  great 
vessels  may  be  transposed,  the  position  of  the  ventricular  septum  may 
be  so  altered  as  to  restore  the  normal  connections  with  right  and  left 
ventricles  respectively. 

7.  Malformations  of  the  aortic  and  pulmonary  valves.— These  may 
be  part  of  congenital  Icsion.s  of  the  main  vessels  themselves,  but  are 
frequently  of  independent  origin.  The  valves  may  bo  in  the  form  of  a 
diaphragm  in  which  there  arc  merely  indications  of  a  tripartite  forma- 
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tion  (see  Fig.  142).  In  this  case  the  diaphragm  is  often  protruded  into 
the  vessel  in  the  form  of  a  funnel.  Again,  we  not 
infrequently  meet  with  some  variety  in  the  size  or 
number  of  the  semilunar  folds.  There  may  be  only 
two  curtains,  usually  a  large  and  a  normal  one,  the 
larger  one  commonly  showing  indications  of  a  partial 
division  (see  Fig.  143).    Then  with  three  curtains 

taPidhesiT.*'ofThe  ^^^^^  ^^^^  ^^^S^  Segments  and  a  small  rudi- 

curtains  of  the  pui-  mentarv  one  between. 

monary  valve.  The 

valve  is  viewed  from  .  ,  ■, 

above.  (Peacock.)  Many  ot  tiiese  malformations  are  probably  to  be  referred  to 

endocarditis  occurring  in  the  fojtus.    In  adult  Ufe  endocarditis 
often  produces  adhesion  of  the  curtains,  but  there  is  also  very  gi-eat  contortion  of 

the  valves.  But,  in  the  foetus,  the 
plastic  power  and  adaptability  of  the 
structures  is  much  greater,  and  the 
three  coalesced  valves  may  form  a 
well-shaped  diaphragm,  or  the  two  a 
single  larger  semilunar  fold.  In 
either  case  there  are  still  indications 
of  the  coalescence  in  the  form  of 
thickenings  along  the  line  of  union. 

It  is'  obvious  that  these  mal- 

Fifr.  143.— Congenital  malformation  of  aortic     n  ,  •  -n   p  ,  . 

valve.  There  are  two  curtains,  but  the  larger  one  lOrmatlOUS  ^Vlll  irequentlv  mter- 
shows  a  partial  division.    (Peacock.)  n  -.i  p         •  „  , 

iere  with  the  functions  of  the 
valves.  In  the  extreme  cases  of  complete  union  of  the  three  curtains 
(as  in  Fig.  142)  there  will  be  great  obstruction  as  well  as  imperfect 
closure.  When  there  are  only  two  curtains,  the  middle  jjart,  where 
coalescence  has  occurred,  is  thicker,  and  the  curtain  may  be  more  rigid 
at  this  point,  and  so  its  function  will  be  interfered  with. 

According  to  Peacock,  congenital  malformations  of  the  valves  are  apt  to  lead  to 
more  definite  disease  from  endocarditis  in  after-Ufe.  This  may  be  a  recurrence  of  a 
foetal  endocarditis,  but,  in  addition,  the  imperfect  adaptation  of  the  valves  will  itself 
afford  a  certain  irritation  and  predispose  the  structures  to  inflammation.  So  it 
happens  that  valves  maKormed  in  this  way  are  peculiarly  prone  to  disease  in  after- 
life, even  though  their  function  is  not  at  first  imperfect. 

Besides  the  variations  already  noted  the  curtains  of  the  aortic  and 
pulmonary  valves  are  sometimes  abnormally  numerous,  especially  those 
of  the  latter.  There  may  be  four  curtains  instead  of  three,  and  they 
may  present  all  varieties  of  size  relative  to  one  another. 


The  semilunar  valves  sometimes  present  a  condition  somewhat 
approaching  that  of  the  auriculo-ventricular  valves  which  are  of  the 
cuspid  form.    It  is  to  be  noted  that  during  the  closure  of  a  semilunar 
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valve  the  curtains  do  not  come  in  contact  by  their  free  margins,  but  that 
the  hne  of  contact  is  somewhat  removed  from  the  margin.  During 
closure,  therefore,  when  the  artery  is  full,  a  certain  jjortion  of  the 
ciu-tain  floats  free  in  the  blood.  This  jjortion  between  the  line  of 
contact  and  the  free  margin  is  frequently  the  seat  of  apertures  or 
fenestrations,  and  that  without  affecting  the  function  of  the  valve. 
This  fenestration  may  be 
very  extreme  and  may 
graduate  towards  a  condi- 
tion in  which  (see  Fig.  144), 
instead  of  a  piece  of  tissue, 
there  are  merely  a  series 
of  tendinous  bands  passing 
from  the  curtain,  near  the 
line  of  contact,  to  the  wall 
of  the  vessel  at  the  point 
of  insertion  of  the  curtain. 
These  tendinous  bands  re- 
semble the  chordae  tendineee 

of  the  cuspid  valves,  and  Fig.  144.— Fenestration  of  the  marginal  parts  of  the  aortic 
,1  -IT  1      .      valve.  There  is  an  appearance  of  chorda!  tendinese,  and  the 

tjie  resemulance  may  be  in-  bands  from  two  proximal  curtains  are  inserted  into  a  pro- 
11       ,1  •  1  1  iection  from  the  aoi-ta. 

creased  by  the  neighbour- 
ing edges  of  the  curtains  being  joined,  and  the  tendinous  bands  from 
the  adjacent  borders  of  two  curtains  passing  together  to  the  wall  of  the 
vessel.  There  may  be  even  on  the  wall  of  the  vessel  an  elongated 
prominence  into  which  the  bands  are  inserted,  and  resembling  a  mus- 
culus  papillaris  (see  figure).  These  bands  may  have  a  considerable  free 
course  from  the  middle  of  the  curtain  to  the  wall  of  the  vessel.  A 
certain  amount  of  this  condition  is  very  frequent  in  both  the  aortic 
and  pulmonary  valves. 

It  may  be  asked,  Does  such  a  malformation  interfere  with  the  function  of  the 
valve?  Probably  not  much,  but  still  to  a  certain  extent.  Each  form  of  valve  is 
appropriate  to  its  own  place.  The  cuspid  form  is  adapted  to  an  apei-ture  between 
two  cavities,  the  semilunar  to  the  orifice  or  course  of  a  vessel.  The  latter  takes  up 
less  room,  and  by  reason  of  the  complete  separation  of  the  curtains  it  falls  back 
completely  when  the  blood  rushes  past  it.  But  if  the  valve  approaches  to  the  cuspid 
form,  especially  if  the  margins  of  the  curtains  are  united,  and  the  tendinous  bands 
from  two  have  a  common  insertion,  then  there  can  hardly  be  that  complete 
falling  back  which  occurs  when  the  function  is  perfect.  This  will  probably  cause 
a  trivial  obstruction,  and  the  curtains  being  unduly  exposed  to  the  force  of  the 
wave  of  blood  may  be  specially  liable, to  inflammation. 

8.  Congenital  malformation  of  the  auriculo-ventricular  valves. — 

These  valves  are,  like  the  semilunar  ones,  occasionally  the  seat  of  mal- 
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formations  which  usually  cause  narrowing  of  the  orifice.  This  may  be 
in  the  foi'm  of  coalescence  of  the  curtains,  produced,  in  some  cases, 
I^robably  by  a  foetal  endocarditis,  so  that  in  place  of  the  valve  there  may 
be  a  more  or  less  immobile  diaphragm.  The  affection  is  observed  chiefly 
in  the  right  auriculo-ventricular  valve.  It  will  produce  somewhat 
similar  effects  to  those  induced  by  stenosis  of  the  pulmonary  artery. 
There  will  be  patency  of  the  foramen  ovale,  and  the  blood  from  the 
vense  cavse  will,  in  part  or  wholly,  pass  through  this  foramen  into  the 
left  auricle,  thence  into  the  left  ventricle,  and  then,  through  a  defect  in 
the  septum,  partly  into  the  right  ventricle,  so  as  to  supply  the 
pulmonary  artery. 

Cyanosis. — Morbus  cseruleus. — Children  born  with  malformations  of 
the  heart  are  usually  liable  to  symptoms  connected  with  the  respiration 
and  circulation,  which  are  in  many  respects  comjjarable  with  those  from 
valvular  disease  acquired  in  after-life,  and  consist  chiefly  in  attacks  of 
dyspncBa  and  lividity.  These  symptoms  may  occur  at  birth  or  soon  after 
it,  but  they  may  be  postponed  even  for  years,  and  develop  apparently  by 
some  extra  stress  laid  on  the  circulation,  or  they  may  not  deA'-elop  at  all. 
Occurring  at  first  intermittently  the  dyspnoea  and  lividity  very  often,  to 
some  extent,  become  permanent.  This  is  particularly  true  of  the  lividity, 
which  frequently  forms  such  a  marked  characteristic  of  such  persons 
that  they  are  visibly  the  subjects  of  Cyanosis  or  Morbus  cteruleus. 
The  lips  and  finger  nails  are  blue,  and  there  is,  perhaps,  a  deep 
lividity  of  hands,  feet,  and  cheeks  as  well. 

Two  explanations  of  this  symptom  have  been  offered.  The  first  is 
that,  as,  in  these  cases  the  septa  of  the  heart  are  mostly  imperfect,  the 
lividity  results  from  the  mixing  of  the  currents,  venous  blood  being 
mixed  with  the  arterial  in  the  systemic  vessels.  This  looks  a  very 
likely  explanation,  but  there  are  two  serious  objections  to  it.  Cyanosis 
has  been  found  in  cases  where  the  currents  did  not  mix,  and  it  has 
been  absent  where  they  undoubtedly  did.  Besides  this,  it  is  found 
that  the  degree  of  cyanosis  is  not  at  all  proportionate  to  the  mixing 
of  the  currents.  The  other  explanation  is  that  the  cyanosis  is  due 
to  venous  engorgement,  just  as  lividity  occiu'ring  in  vahoilar  disease  in 
the  adult.  In  nearly  all  the  cases  there  is  obstruction  of  the  pul- 
monary artery  which  we  have  seen  to  be  at  the  basis  of  most  mal- 
formations, and  this  has  the  effect  of  bringing  about  a  general  venous 
engorgement.  During  the  early  periods  of  life  the  blood-vessels  are 
more  yielding  and  plastic,  and  so  the  permanent  congestion  tells  much 
more  on  them  than  it  does  in  adult  life.  Cyanosis  developed  in  after- 
life sometimes  approaches  in  intensity  to  that  from  malformation,  but  it 
rarely  reaches  it. 
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Duration  of  life  in  malformations  of  the  heart. — If  there  is  merely  slight  imperfec- 
tion of  the  septa,  the  defect  is  of  little  importance,  and  we  have  already  seen 
that  there  is  imperfect  closure  of  the  foramen  ovale  in  a  large  proportion  of  the 
cases  met  with  in  the  ordinary  course  of  post-mortem  examination.  If  there  is 
moderate  contraction  of  the  pulmonary  artery  while  the  heart  is  otherwise  well 
formed,  the  right  ventricle  will  probably  hyjoertrophy,  and  this  may  almost  com- 
pletely compensate,  so  that  life  is  scarcely  shortened.  If  the  foramen  ovale  is 
distinctly  patent,  this  generally  implies  a  greater  degree  of  obstruction  of  the 
pulmonary  artery,  and  life  is  usually  abbreviated.  Peacock  has  collected  twenty 
cases  of  this  kind,  and  only  eleven  of  these  lived  to  the  age  of  15  and  upwards, 
but  some  lived  as  long  as  34,  40,  and  57.  In  three  cases  the  ductus  arteriosus 
was  also  open,  and  these  died  at  the  ages  of  10  months,  15  months,  and  29  years. 
If  the  interventricular  septum  is  imperfect,  this  implies  an  obstruction  at  an 
earher  period  of  foetal  life,  and  the  duration  of  life  is  shorter.  Of  sixty-four 
cases,  only  fourteen  sm-vived  the  age  of  15,  but  still  three  lived  as  long  as  25, 
and  one  to  39  years.  Where  the  pulmonary  artery  is  entirely  impervious,  the 
duration  of  hfe  is  still  shorter ;  of  twenty-eight  such  cases  only  seven  lived  over 
a  year,  and  the  longest  duration  was  12  years.  Where  there  is  still  greater  arrest 
of  development,  and  the  heart  consists  of  but  one  ventricle,  with  one  or  two 
auricles,  the  period  of  survival  is  usually  very  limited,  but  it  is  interesting  to 
find  that  four  persons  thus  affected  have  lived  to  the  ages  of  11,  16,  23,  and  24 
years.  Transposition  of  the  pulmonary  artery  and  aorta  might  appear  to  be  a 
maLfoi-mation  almost  incompatible  with  Kfe,  and  yet  of  twenty-one  such  cases, 
four  Lived  between  2  and  3  years.  When  the  aorta  is  obstructed  at  its  isthmus, 
and  the  descending  aorta  is  suppKed,  wholly  or  partially,  by  the  pulmonary 
arteiy,  the  duration  of  life  is  usually  very  limited.  The  lungs  seem  to  be  de- 
prived of  blood,  because  it  passes  to  the  abdominal  aorta,  and  the  children  die 
with  symptoms  of  dyspncea  and  syncope.  If  the  obstruction,  however,  be  only 
slight,  the  person  may  survive  to  adult  or  middle  life,  even  though  the  ductus 
arteriosus  remains  pervious ;  thus  there  are  cases  of  survival  to  24,  32,  and  43  years 
of  age.  If  the  constriction  be  so  slight  that  the  ductus  arteriosus  closes,  it  may  yet 
become  much  more  considerable  afterwards,  or  the  aorta  may  even  be  obliterated  at 
the  point  indicated.  Yet  such  patients  may  survive  long,  as  even  mth  obliteration 
the  ages  of  45,  50,  and  57  have  been  attained. 

Literature. — Peacock,  Malformations  of  the  heart,  2nd  ed.,  1861;  Eokitansky, 
Defecte  der  Scheidewiinde  des  Herzens,  1875 ;  Fokstee,  Missbild.  des  Menschen, 
1861 ;  Many  cases  in  Trans,  of  Path.  Soc,  London,  by  Peacock,  Gkeenfield, 
FrsLAY,  CouPLAND,  ctc.  Abseiice.  of  perkardiuvi — 'Bsin,  Path,  trans.,  iii.  60  ;  Bris- 
tol, do.,  vi.  109 ;  Weissbach,  Wien.  med.  Woehenschr.,  1868. 

II.— COAGULA  IN  THE  HEART. 

Thrombi  are  of  various  kinds  and  different  significance,  and  it  may  be 
said  that  coagulation  of  blood  within  the  heart  during  life  is  of  frequent 
occurrence.  We  have  already  incidentally  considered  most  of  these 
forms  of  thromlji,  and  it  will  be  necessary  here  to  do  little  more  than 
enumerate  them.  Thrombi  are  frequently  designated  vegetations,  but 
it  is  not  advisable  to  use  this  word  in  place  of  the  more  accurate  one 
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thrombi.  We  may  distinguish  three  forms  of  thrombi :  warty,  globvilar, 
and  i^olypoid. 

Warty  thrombi  occur  in  acute  endocarditis,  owing  to  the  coagulation 
of  the  fibrine  on  the  inflamed  and  roughened  surfaces. 

Globular  thrombi  are  of  common  occurrence  in  dilated  and  hypertro- 
phied  hearts,  originating  in  the  retired  jDarts  of  the  cavities,  such  as  the 
auricular  appendages,  the  apices  of  the  ventricles,  and  behind  the 
columnse  carnese.    (See  Fig.  146).    They  are  usually  multiple,  and  the 


Fig.  145. — Globular  thrombi  near  tlie  apex  of  the  left  ventricle.  Several 
of  these  are  seen  to  project  from  between  the  musculi  papillares. 


smaller  of  them  may  ajipear  as  pearly  white  bodies  pi-esenting  a  rounded 
projection  between  the  trabeculse.  They  may,  however,  grow  out  from 
these  positions,  and  assume  considerable  dimensions.  It  is  not  uncom- 
mon to  find  them  distending  the  auricular  appendage,  and  sometimes 
filling  the  greater  part  of  the  auricle.  The  larger  ones  soften  in  the 
centre,  forming  a  whitish  or  brownish  juice,  resembling  pus  in  its 
naked-eye  characters,  but  consisting  merely  of  debris.  It  is  quite 
common  to  find  the  thrombus  converted  into  a  sac,  composed  of  a 
thin  rind  and  a  cavity  filled  with  this  puriform  fluid.  Rupture  may 
occur  during  life  and  pieces  of  the  thrombus  may  be  torn  off",  or  a 
thrombus  may  be  detached  bodily  and  carried  into  the  pulmonary 
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artery  or  aorta  so  as  to  produce  embolism.  The  globular  thrombi  are 
most  common  in  the  right  auricle  and  ventricle,  as  these  cavities  are 
more  liable  to  dilatation  than  the  left,  hence,  embolism  is  more  frequent 
in  the  lungs  than  in  the  systemic  system.  The  formation  of  thrombi  in 
the  right  cavities  often  coincides  with  thrombosis  in  the  veins,  as  causes 
which  induce  dilatation  of  these  cavities  are  similar  to  those  which  lead 
to  general  venous  hypersemia.  Hence  in  a  particular  case  of  pulmonary 
embolism  it  may  be  a  question  whether  the  source  is  in  the  right  heart 
or  in  the  veins. 

The  Polypoid  thrombi  are  much  more  uncommon  than  the  other 
two  forms.  It  sometimes  happens  that  a  thrombus  is  formed  on  a  valve 
or  on  the  internal  surface  of  the  heart  and  from  this  point  grows  out  by 
successive  deposition  to  a  considerable  size.  The  author  has  met  with 
a  case  in  which  the  left  ventricle  was  filled  with  massive  festoons  thus 
formed,  and.  great  hypertrophy  and  dilatation  had  occurred.  In  this 
case  also  the  coagula  had  undergone  a  partial  impregnation  with  lime. 
He  has  also  seen  a  case  in  which  a  thrombus,  formed  of  firm  fibrine 
and  attached  to  the  wall  of  the  right  auricle,  hung  free  in  the 
auricle  and  assumed  a  nearly  globular  form,  It  was  so  placed  as  to 
hang  down  into  the  tricuspid  orifice,  which  it  greatly  obstructed,  like 
a  ball-valve. 

In  the  first  of  the  cases  referred  to  above,  the  left  ventricle  was  occupied  by  a  large 
firm  fibrinous  mass,  which  consisted  of  twelve  or  thirteen  polypoid  coagula  having 
a  firm  attachment  to  the  anterior  wall  of  the  ventricle  at  about  its  middle.  It  was 
estimated  thart  these  coagula  weighed  two  ounces.  The  coagula  were  obviously 
old  and  the  basal  parts  had  undergone  a  kind  of  fibrous  transformation  resembUng 
a  tendon,  while  the  red  part  looked  like  the  fleshy  part  of  a  muscle.  There  was  no 
softening,  but  in  the  substance  of  the  polypus  and  partly  on  its  surface,  a  some- 
what massive  deposition  of  lime  salts  had  occurred,  forming  at  one  place  a  sort 
of  stem  an  inch  in  length.  (See  full  account  in  Glasg.  Med.  Jour.,  Peb.,  1870. 
The  specimen  is  in  the  museum  of  the  Eoyal  Infirmary,  Glasgow.) 

The  second  ease  is  one  in  which  a  stenosis  of  the  tricuspid  valve  had  been 
diagnosed  by  Professor  Gairdner  many  years  before  death.  (See  clinical  account  of 
case  in  Gairdner's  Clin.  Med.,  1862,  p.  602.  This  unique  specimen  is  in  the  museum 
of  the  Western  Infirmary.) 

Literature. — Steven  and  Coats,  Glasg.  Med.  Jour.,  Feb.,  1870;  Wickham  Lego 
(Loose  balls  of  fibrine  in  left  auricle).  Path,  trans.,  xxix.  49. 

m. -OCCLUSION  AND  STENOSIS  OF  THE  CORONARY  ARTERIES. 

The  coronary  arteries  are  frequently  aff"ected  either  at  their  orifices  or 

in  their  course  by  lesions  which  interfere  with  the  circulation  through 

them.    As  these  arteries  are,  at  the  most,  possessed  of  very  imperfect 

anastomosing  communications,  obstruction  implies  a  very  serious  dis- 
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turbance  in  the  function  of  the  heart,  amounting,  in  the  case  of  a  sudden 
obstruction  of  a  large  branch,  to  sudden  paralysis  of  its  action  and 
death. 

Cohnheim  asserts  that  the  coronary  arteries  are  end-arteries.  Ligature  of  one  of 
the  larger  branches  in  the  clog  produced  first  irregularity  and  then  stoppage  of  the 
heart  in  from  thirty  seconds  to  a  minute.  Wickham  Legg  and  West  believe  that 
there  are  free  anastomoses  between  the  branches  of  the  arteries,  while  Steven  asserts 
that  there  are  communications,  but  only  among  the  finest  arterioles.  The  author  is 
convinced,  from  observation  of  Steven's  injections,  that  the  communications  are  of 
the  very  finest  vessels,  partly  capillaries  and  partly  minute  arteries. 

Causes  of  obstruction  of  the  coronary  arteries. — These  arteries  are 
peculiarly  liable  to  Atheroma.  Perhaps  the  fact  that,  coming  off' 
directly  from  the  aorta,  they  are  exposed  to  higher  pressui-e  and  greater 
variations  of  pressure  than  other  arteries  of  their  size,  may  account  for 
this.  Atheroma,  as  explained  further  on,  leads  to  narrowing  of  the  calibre 
of  the  artery,  and  it  often  induces  Thrombosis  which  may  increase  the 
stenosis  or  even  lead  to  occlusion.  This  is  most  common  where  cal- 
careous infiltration  follows  atheroma.  After  a  prolonged  stenosis  there 
may  be  a  sudden  complete  occlusion.  Again,  atheroma  sometimes  leads 
to  a  small  aneurysm  of  the  artery.  Atheroma  in  the  aorta  leads  not  in- 
frequently to  Obstruction  of  the  orifices  of  the  coronary  arteries.  The 
aorta  is  the  most  frequent  seat  of  atheroma,  and  as  this  condition  leads 
to  thickening  of  the  internal  coat  there  will  sometimes  be  a  bidging  of 
this  coat  over  the  orifices  of  the  coronary  arteries.  Not  infrequently 
the  prominent  intima  around  the  orifice  coalesces  and  completely  covers 
the  aperture. 

Embolism  is  also  liable  to  occur  in  the  coronary  arteries.  It  used  to 
be  stated  that  during  the  systole  of  the  ventricle  the  coronary  arteries 
were  closed  by  the  curtains  of  the  aortic  valve  falling  against  them.  It 
is  stated  by  recent  observers,  however,  that  this  is  not  the  case,  and 
that  the  orifices  are  exposed  during  the  systole,  and  hence,  in  cases  of 
acute  endocarditis,  small  portions  of  thrombi  are  liable  to  jjass  into  the 
coronary  arteries.  The  arteries  obstructed  Avill  nearly  always  be  small, 
and  the  obstruction  is  often  multiple.  In  ulcerative  endocarditis  and 
jjysemia  there  may  be  septic  embolism  and  the  formation  of  abscesses. 

Effects  of  obstruction  of  the  coronary  arteries. — The  results  vary 
somewhat  according  to  the  suddenness  of  the  obstruction,  the  size  of  the 
vessel,  and  otherwise. 

Sudden  obstruction  of  a  considerable  branch,  usually  brought  about 
by  thrombosis  occurring  in  consequence  of  atheroma,  leads  to  Infarction 
of  the  heart.  The  afl^ected  area  is  usually  in  the  wall  of  the  left 
ventricle,  the  artery  most  frequently  obstructed  being  the  descending 
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branch  of  the  left  coronary  artery.  If  death  occurs  immediately  after 
the  obstruction  the  part  will  be  found  of  normal  consistence,  but  pale 
yellow  in  colour.  Very  soon  it  becomes  soft  and  yellowish  white  or 
brown  in  colour,  and  the  part  is  depressed  below  the  surface.  In  some 
cases  the  part  becomes  almost  fluid.  This  condition  of  softening,  which 
has  been  called  by  Ziegler  Myomalacia  cordis,  may  be  associated  with 
hfemorrhage,  and  thus  assume  the  usual  features  of  the  haemorrhagic 
Tnftjjy.t.ioa.  Under  the  microscope  the  muscular  fibre  is  found  more  or 
less  broken  up,  its  transverse  strijB  have  disappeared,  and  the  fibres 
have  assumed  a  hyaline  or  waxy  appearance  (waxy  degeneration  or 
coagulation-uecrosis).  There  is  often,  at  least  in  the  peripheral  part,  a 
great  infiltration  of  round  cells,  from  inflammatory  reaction. 

The  softened  portion  of  the  wall  may  give  way  before  the  pressure  of 
the  blood,  and  the  result  may  be  an  Acute  aneurysm  of  the  heart  or 
even  Rupture.  The  condition  under  review  is  probably  the  most 
frequent  cause  of  rupture  of  the  organ. 

If  the  patch  of  softening  be  small,  then  through  time  the  muscular 
tissue  is  absorbed  and  the  connective  tissue  is  increased  in  the  way  to 
be  described  further  on. 

A  more  Chronic  obstruction  of  a  considerable  branch  or  a  sudden 
obstruction  of  a  smaller  branch,  frequently  leads  to  a  condition  which 
has  been  designated  Fibrous  transforma- 
tion, or  (less  happily)  fibroid  degeneration. 
This  condition  is  really  that  present  in  most 
cases  of  so-called  Interstitial  myocarditis. 
The  gradual  or  more  sudden  deprivation  of 
blood  causes  atrophy  and  degeneration  of 
the  muscular  fibres,  and  the  connective 
tissue  comes  to  form  the  chief  or  entire 
constituent  of  the  heart-wall,  generally  re- 
inforced by  a  certain  newformatioii  due  to 
chronic  inflammation.  The  patches  of 
fibrous  transformation  vary  greatly  in  size 
according  to  the  artery  obstructed.  They 
may  be  simply  small  tendinous  areas  in  the 
midst  of  the  muscle  (see  Fig.  146),  or  they 
may  afl'ect  extensive  tracts.    The  tendinous 

or  cicatricial  appearance  is  sometimes  visible  musuuius  papillaris  showing 

in  the  rausculi  papillares  when  the  ventricles  tra,>.formation. 
are  laid  open,  but  it  may  only  be  discovered  by  slicing  the  muscular 
tissue,  which  is  best  done  by  sections  parallel  to  the  surface  of  the  heart. 
Where  an  extensive  area  has  undergone  this  transformation  the  wall  of 


Fig.  140.— Section  of  loft  ventricle 
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the  heart  may  be  bulged  outwards,  thus  forming  a  Chronic  aneurysm  of 
the  heart.  Under  the  microscope  the  fibrous  patch  consists  chiefly  of 
wavy  connective  tissue,  with  veiy  little  ajjpearance  of  inflammation. 
There  may  be  no  muscular  tissue  in  the  midst  of  the  patch,  but  some- 
times atrophied  fibres  may  be  visible  (see  Fig.  147). 


Fig.  147. — From  a  fibrous  patch  in  heart,  a  a,  Muscular  fibres ; 
T)  b,  connective  tissue.  (Steven.) 


Fatty  degeneration  is  also  a  result  of  obstruction  of  the  coronarj- 
arteries.  This  is  most  pronounced  in  cases  of  obliteration  of  the  orifice 
of  one  or  both  arteries  by  atheroma  of  the  aorta. 

In  a  case  observed  by  the  author  where  one  orifice  was  completely  occluded  and 
the  other  somewhat  narrowed,  there  was  generalized  and  typical  fatty  degeneration, 
such  as  one  sees  in  pernicious  antemia.  There  was  here  a  slowly  advancing  de- 
privation of  blood,  which  only  proved  fatal  when  very  extreme.  Greenfield  has  re- 
corded a  case  in  which  both  arteries  were  occluded,  and  in  which  he  suggested  that 
the  heart  might  be  partially  nourished  by  imbibition. 

It  is  clear  that  during  life  there  will  often  be,  in  consequence  of 
obstruction  of  the  coronary  arteries,  serious  functional  distiu'bance  of 
the  heart.  There  may  be  urgent  dyspnoea,  pain  and  irregularitj'^  of  the 
heart,  leading  up,  it  may  be,  to  death  more  or  less  suddenly.  Angina 
pectoris  is  a  frequent  feature  in  the  cases  of  considerable  interfei'ence 
with  the  circulation. 

Literature. — Cohnheim,  Virch.  Arch.,  Ixxxv.  503;  Wickham  Legg,  On  cardiac 
aneurisms,  Bradshaw  lect.,  1884 ;  West,  Path,  trans.,  xxxv.  110 ;  Quain,  On  fatty 
heart,  1851 ;  Weigeet,  Virch.  Arch.,  Ixxix.,  1880 ;  Huber,  do.,  Ixxxix.,  1882  ;  Turner. 
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Trans.  Med.  Congress,  London,  1881,  i.  427 ;  Eobin,  Gaz.  Hebd.,  1885,  No.  51 ; 
Paul,  do..  No.  10 ;  Zieolek,  Handbook,  and  Deutsch.  Arch.  f.  klin.  Med.,  xxv. ; 
Hilton  Fagge,  Medicine,  ii.  32 ;  Steven  (with  full  literature),  Lancet,  Dec,  1887. 

IV.— RETROGRADE  CHANGES  IN  THE  HEART. 

1.  Atrophy  of  the  heart. — Brown  atrophy. — This  condition  is  one  of 
compax'atively  frequent  occurrence,  but  is  for  the  most  part  merely  a 
part  of  general  atrophy,  or  emaciation  of  the  body.  In  emaciating 
diseases  where  the  muscular  system  as  a  whole  has  undergone  great 
reduction  in  bulk,  the  heart  is  found  to  take  part  in  the  same  process. 
Taking  the  normal  weight  of  the  heart  as  9  ounces  for  the  female,  and 
10  or  11  ounces  for  the  male,  we  may  find  it  reduced  to  6  or  even  5 
ounces.  Viewed  as  a  whole  the  heart  is  obviously  smaller,  and  it  has 
a  darker  colour  than  normal,  while  the  coronary  arteries  stand  out 
unduly,  often  as  somewhat  prominent  tubes.  This  change  of  colour 
and  the  prominence  of  the  arteries  are  largely  due  to  the  loss  of  the 
sub-pericardial  fat,  which  normally  covers  the  greater  part  of  the  sur- 
face and  accompanies  the  coronary  arteries,  partially  embedding  them 
in  the  adipose  tissue. 

The  muscular  substance  when  incised  is  found  to  be  deeper  in  colour 
and  tougher  than  usual.  On  account  of  this  the  name  of  Brown  atrophy 
is  given.  With  the  atrojahy  of  the  muscular  fibres  there  is  an  accumula- 
tion of  pigment  granules  around  the  nuclei.  In  nearly  all  old  persons 
there  is  at  the  two  poles  of  each  nucleus  a  group  of  brown  jjigment 
granules,  and  these  increase  greatly.  There  is  also  frequently  a  dis- 
tinct demarcation  of  the  cells  which  constitute  the  muscular  cylinders, 
an  appearance  which  is  not  normally  present.  This  has,  without  sufiicient 
grounds,  been  interpreted  as  an  indication  of  disintegration  of  the 
muscle.  Brown  atrophy  may  be  associated  ■with  fatty  degeneration, 
the  brown  pigment  being  distinguishable  by  its  colour  from  the  fat 
granules. 

2.  Fatty  infiltration  of  the  heart. — The  normal  heart  is  well  known 
to  present  on  its  surface  a  certain  amount  of  adipose  tissue.  This  fat  is 
beneath  the  pericardium,  lying  between  it  and  the  muscular  substance 
of  the  wall.  It  is  normally  most  abundant  along  the  course  of  the 
coronary  arteries,  along  the  inferior  border  of  the  right  ventricle,  at 
the  apex  and  at  the  origins  of  the  great  vessels.  In  different  indi- 
viduals the  amount  of  the  adipose  tissue  and  the  extent  to  which  it 
covers  the  muscular  substance  so  as  to  conceal  it  from  view,  vary 
greatly,  but  it  may  be  said  generally  that  a  considerable  part  of  the 
surface  of  the  right  ventricle  and  the  greater  part  of  that  of  the  left  are 
usually  free  of  fat.    Sometimes  this  fat  increases  greatly,  both  in  super- 
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ficial  area  arid  in  thickness,  so  that  the  entire  right  ventricle  may  be 
covered  while  a  portion  of  the  left  is  still  free  ;  or,  the  whole  heart  may 
be  coated  with  a  thick  mantle  of  fat. 

The  adipose  tissue  does  not  always  confine  itself  to  the  pericardium, 
but  frequently  extends  into  the  connective  tissue  lying  between  the 
muscular  fasciculi  in  the  proper  muscular  wall  of  the  heart.  The 
superficial  layers  of  the  muscular  wall  may  thus  be  largely  replaced  bj- 
adipose  tissue,  which  may  even  appear  in  isolated  patches  immediately 
beneath  the  endocardium.  It  is  not  uncommon  to  find  the  proper 
muscular  substance  of  the  right  ventricle  largely  replaced  by  adipose 
tissue,  only  a  thin  layer  of  red  muscle  appearing  inside  the  thick  layer 
of  fat,  and  even  this  interrupted  by  areas  of  adij^ose  tissue.  Of  course, 
in  this  case,  there  is  great  loss  of  the  muscular  poM^er  of  the  heart,  the 
right  ventricle  being  more  aifected  than  the  left. 

In  some  cases  the  increase  of  the  external  fat  is  merely  part  of  a  general  obesity, 
in  which  the  fat  in  all  its  various  localities  throughout  the  body  takes  part.  But 
sometimes  its  significance  is  much  more  serious,  and  this  apphes  especially  to  the 
cases  in  which  adipose  tissue  forms  between  the  muscular  bundles.  The  space 
occupied  by  the  fat  must  be  obtained  at  the  expense  of  the  jproper  muscular  sub- 
stance, and  the  question  arises  whether  the  atrophy  of  the  muscle  is  the  primary 
condition  or  the  fatty  infiltration.  We  have  to  take  into  consideration  the  fact  that 
a  fatty  infiltration  of  an  exactly  similar  character  occurs,  as  we  have  aheady  seen, 
in  voluntary  muscle,  and  is  there  associated  with  disuse  of  the  muscle.  In  this 
case  the  loss  of  function  is  the  primaiy  condition  and  the  fatty  infiltration  is 
secondary.  And  so  in  the  case  of  the  heart,  we  meet  with  fatty  uifiltration  in  cases 
where  there  is  no  general  obesity,  often  in  old  debiUtated  persons,  or  even  in  those 
who  have  been  subject  to  some  emaciating  disease  such  as  cancer.  In  that  case  we 
may  infer  that  the  weakening  and  atrophy  of  the  muscle  has  been  primary  and  the 
infiltration  of  fat  secondary. 

3.  Fatty  degeneration. — This  condition  is  of  exceedingly  frequent 
occurrence  in  the  heart,  especially  in  its  minor  degrees.  Any  disease 
which  causes  a  serious  deterioration  of  the  blood  will  produce  it,  and 
it  is  seen  in  its  most  pronounced  form  in  the  various  kinds  of  anfemia, 
in  leukaemia,  and  in  the  acute  fevers.  It  is  also  brought  about  in  a  very 
pronounced  form  in  poisoning  by  phosphorus  and  arsenic.  In  a  minor 
degree  it  is  seen  in  debilitating  diseases,  and  is  often  the  more  im- 
mediate cause  of  death  in  hypertrophy  of  the  heart. 

It  is  remarkable  that,  though  the  determining  cause  is  a  deteriorated 
state  of  the  blood,  yet  the  fatty  degeneration' frequently  shows  itself  in 
patches,  so  that  the  muscular  tissue  is  seen  to  be,  as  it  wex'e,  flecked 
with  pale  spots  or  streaks.  This  is  best  seen  on  examining  the  mus- 
cular tissue  from  within  (see  Fig.  148),  as  the  endocardium  genei-ally 
produces  but  little  obscuration  of  these  markings,  and  they  are  most 
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iibundant  in  the  inner  layers  of  the  muscular  substance.  This  fletked 
appearance  is  not  always  present,  and 
it  would  be  a  mistake  to  infer  the 
absence  of  ftitty  degeneration  from  its 
absence.  The  heart  again  is  generally 
Habby,  friable,  and  pale  in  colour,  but 
a  very  flabby  heart  may  be  very  little 
fatty,  and  fatty  degeneration  may  co- 
exist with  a  comparatively  firm  mus- 
cular tissue.  Microscopic  examination 
should  therefore  always  be  resorted  to. 

Under  the  microscope  in  those  cases 
in  which  the  degeneration  is  in  patches, 
the  transparent  muscular  tissue  is  seen 
with  a  low  power  to  be  interrupted  by 
opaque  patches,  as  in  Fig.  149.  The 
general  outline  of  the  muscular  cylin- 
ders is  preserved,  but  they  are  evi- 
dently replaced  by  some  foreign 
material.  Under  a  high  power,  as  in 
Fig.  150,  the  individual  fat  drops  be- 
come apparent.  These  fat  granules 
are  frequently  seen  to  be  in  rows, 
representing  the  original  muscular 
fibrillse,  and  the  contractile  substance 
is  obviously  lost  or  converted  into  oil. 
In  minor  degrees  the  degeneration  is, 
as  a  rule,  more  uniformly  distributed  in  the  muscular  substance,  and 
we  can  see  that  the  fat  granules  generally  appear  first  in  the  neighbour- 


FiT.  1-tS. — Fatty  degeneration  of  the 
lie.u-t!  The  muscle  fleoked  with  light 
spots. 


Fig.  140.— Fatty  degeneration  of  the  henrt.    Tlie  ocourrouoo  of  the  lesion 
in  patches  is  indicated  by  the  dark  appearance  of  the  fibres,    x  90. 

hood  of  the  nuclei  of  the  muscular  fibres  forming  elongated  collections 
extending  from  either  pole  of  the  nucleus. 
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It  is  clear  that  muscular  fibres  wliicli  have  undergone  this  transforma- 
tion in  its  extreme  form, 
are  incapable  of  recovering 
their  original  condition. 
The  sarcous  substance  has 
undergone  transformation. 
It  is  to  be  inferred,  there- 
fore,  that  when  such  a 

Pig.  150. —Fatty  degeneration  of  the  heart.  A  single  fibre  hpf,ri.  rfrnvpm  tliPrp  io  on 
with  oU  drops  in  it,  as  seen  in  the  fresh  state,    x  350.  UtdIL  reCOVerS  mere  IS  an 

absorption  of  the  fat  and 
an  actual  newformation  of  muscular  tissue.  This  process  must  be  a 
comparatively  frequent  one  when  we  consider  how  common  fatty  de- 
generation is  in  severe  anaemias  and  in  acute  fevers.  The  fatty  heart 
is  usually  a  dilated,  one,  even  where  there  is  no  dilatation  to  begin 
with.    On  recovery  the  ventricles  will  resume  their  former  dimensions. 

4.  Calcareous  infiltration  of  the  muscular  substance  of  the  heart. 
— In  this  place  we  have  to  consider  calcareous  impregnation  of  the  mus- 
cular substance  of  the  heart,  which  is  of  rare  occurrence. 


Is  is  necessary,  in  the  first  place,  to  refer  to  certain  other  forms  of  calcareous 
impregnation  in  order  to  clear  the  ground  for  that  more  immediately  before  us.  In 
connection  with  pericarditis  it  is  not  very  uncommon  to  meet  with  calcareous  in- 
filtration of  old  fibrine  or  dried-in  pus  which  may  remain  on  the  surface.  Again, 
where,  in  the  pericardium,  there  has  been  great  newformation  of  dense  connective 
tissue  from  prolonged  pericarditis,  Kme  salts  may  be  deposited  in  the  hard  tissue. 
In  this  way  we  may  have  the  heart  almost  enclosed  in  a  firm  shell.  But,  fmiher, 
in  the  muscular  substance,  old  connective  tissue  may  calcify,  or  an  abscess  may 
dry-in  and  become  impregnated  with  lime  salts.  In  this  way  we  may  have  stony 
masses  developed  in  the  muscular  wall,  these  being  actually  in  the  connective 
tissue  of  the  wall. 


The  author  has  met  with  two  cases  of  calcareous  infiltration  of  the 

muscular  substance  of 
the  heart,  but  they  dif- 
fered somewhat  from 
each  other.  In  one  the 
lime  salts  were  de- 
posited in  massive  form 
converting  the  muscular 
„.  ,         .  ,  fibres  into  solid  cvlin- 

Fig.  151. — Calcareous  infiltration  of  the  muscular  tissue  of  the  J 
heart.    The  branching  muscular  cylinders  are  shown  in  a  petri-  (Jej-g   ■\vhile  iu  the  Other 
fled  condition  with  transverse  fractures.     From  a  case  of  ' 

pyasmia.  x  350.  there  was  a  fine  gi'anu- 

lar  deposition,  causing  the  fibres  to  resemble  those  in  fattj^^  de- 
generation. 
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In  the  one  there  were  pale  patches  seen  with  the  naked  eye  in  the  muscular  sub- 
stance, somewhat  like  those  of  fatty  degeneration,  but  larger  and  situated  in  the 
superficial  layers  just  under  the  pericardium.  These  patches  had,  even  to  the  naked 
eye,  a  streaked  appearance,  the  streaks  following  the  direction  of  the  muscular 
fibres  and  indicating  that  the  condition  affected  the  muscular  substance.  On  cutting 
into  the  patches  a  gritty  feeling  was  experienced,  and  under  the  microscope  the 
appearances  seen  in  Fig.  151  were  visible.  The  muscular  fibres  were  converted 
into  solid  cylinders  which  had  a  markedly  crystalline  appearance.  Many  of  the 
cyhnders  were  fractured  transversely.  On  adding  hydrochloric  acid  to  these  patches, 
there  was  an  abundant  evolution  of  gas  and  a  solution  of  the  lime  salts.  After  the 
lime  salts  were  dissolved  the  muscular  fibres  were  restored  so  far  as  their  outline 
was  concerned,  but  their  transverse  strias  were  gone.  The  case  in  which  this  occurred 
was  one  of  pysemia,  and  it  is  probable  that  the  arteries  in  connection  with  these 
patches  had  been  obstructed,  causing  a 
necrosis  of  the  jportion  of  tissue  which 
subsequently  became  impregnated  with 
lime  salts. 

In  the  other  case  the  condition  was 
very  different.  A  certain  portion  of  the 
muscular  substance  of  the  left  ventricle 
was  found  of  a  pale  colour  suggesting 
fatty  degeneration,  but  the  colour  was 
continuous,  and  it  was  the  external 
layers  that  were  affected,  and  that 
mainly  towards  the  apex.  On  micro- 
scopic examination  the  muscular  fibres 
were  found  clouded  with  fine  granules  pjg_  i52._calcareoua  infiltration  of  tlie  muscu- 
not  unUke  fat  granules  (Pig.  152).    The  lar  fibre  of  the  lieart.    Fine  granules  occupy  the 

°  ^  '  muscular  fibres,    x  300. 

granules,  however,  were  dissolved  by 

hydrochloric  acid,  but  without  evolution  of  gas.  Koster  has  met  with  a  some- 
what similar  case,  and  he  believes  that  the  salt  here  is,  in  part  at  least,  sulphate  of 
lime.    In  this  case  the  true  pathology  of  the  condition  was  obscure. 

5.  Other  forms  of  degeneration. — Amyloid  degeneration  is  rare  in 
the  heart,  but  in  extreme  cases  it  may  exist  in  the  endocardium  and 
in  the  intermuscular  vessels.  Hyaline  degeneration  we  have  seen  to 
occur  in  infarction, 

6.  Injuries  and  rupture  of  the  heart. — Wounds  of  the  heart  are  not 
by  any  m.eans  necessarily  fatal,  although,  of  course,  commonly  so.  A 
needle  or  similar  small  instrument  may  be  passed  into  the  organ  without 
obvious  injury.  In  most  cases  of  penetrating  wound  of  the  heart  there 
will  l)e  fatal  haimorrhage,  but  such  wounds,  especially  if  they  do  not 
divide  the  muscular  fibres  transversely,  may  heal,  and  be  finally  closed 
by  connective  tissue.  There  are  even  cases  in  which  the  point  of  a 
knife  or  a  rifle  ball  has  lodged  in  the  heart  and  become  surrounded 
by  a  connective  tissue  capsule. 

Spontaneous  rupture  of  the  heart  rarely  occurs  except  in  conse- 
quence of  softening  from  obstruction  of  a  coronary  artery,  as  has  l^een 
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already  described.  It  sometimes  occurs  in  pyiemia  from  the  formation  of 
an  abscess  in  the  wall  of  the  heart.  It  may  also  result  from  the  bursting 
of  an  aneurysm  of  the  heart,  but  this  also  is  the  more  remote  result  of 
disease  of  the  coronary  arteries.  Rupture  of  the  heart  is  sometimes 
ascribed  to  fatty  degeneration  of  the  muscular  fibre,  but  there  seems  no 
evidence  that  this  alone  can  cause  it.  The  rupture  mostly  occurs  in  the 
left  ventricle  and  near  the  apex  or  towards  the  aortic  orifice.  There  is 
usually  a  large  escape  of  blood  into  the  sac  of  the  pericardium,  and  the 
patient  dies  rapidly. 

Literature. — Atrophy  and  fatty  changes — Albees,  Atrophie  des  Herzens ;  in  Casper's 
Wochensehr.,  1830,  50  ;  Church  (small  heart  weigliing  3  oz.  1  dr.),  Path,  trans,  xix., 
1868,  p.  147 ;  E.  Quain,  Fatty  dis.  of  heart,  1851 ;  Bablow,  Fatty  degen.,  1858 ; 
Peel  (Fatty  heart  in  antemia),  Virch.  Arch.,  lix.  39 ;  also  Ponfick,  Berl.  med. 
Wochensehr.,  1872.  Calcification — Coats,  Glas.  Med.  Jour.,  Aug.  1872 ;  also 
Heschi,  Zeitschr.  f.  pract.  Heilk.,  1860,  and  Both,  Correspbl.  f.  Schweizer  Aerzte, 

1884.  Amyloid  degeneration — Heschl,  Wien.  med.  Wochensehr.,  1870 ;  Kybee, 
Virch.  Arch.,  Ixxxi.;  Wild,  Amyl.  und  hyalin  degen.  des  Bindegewebes,  1885. 
Rupture — see  Sehrotter,  in  Ziemssen's  Eneycl.,  vol.  vi.  Various  cases  in  Path, 
trans.,  etc.;  Haddon  (Eupture  in  pyremia),  Path,  trans.,  xxxv.  121 ;  Eobin,  Gaz.  hebd., 

1885,  No.  51. 

v.— HYPERTKOPHY  OF  THE  HEART. 

This  term  is  applied  to  hypertrophy  of  the  muscular  substance  of  the 
heart,  giving  rise  according  to  circumstances  to  enlargement  of  par- 
ticular ventricles  or  auricles,  or  of  the  heart  as  a  whole. 

Causation. — It  will  be  found  that  this  ne-wformation  of  muscular 
tissue  is  in  nearly  all  cases  Compensatory,  that  is,  intended  to  make  up 
for  some  defect  in  the  heart  itself  or  in  the  circulation.  The  needs  of 
the  organism  assert  themselves  by  the  nervous  connections  of  the  body 
on  the  cardiac  ganglia,  and  the  contractions  become  more  forcible. 
Within  the  limits  of  health,  and  without  any  increase  of  the  volume  of 
the  cardiac  muscles,  there  are  great  variations  possible  in  the  force  of 
the  cardiac  contractions.  But  where  the  heart  is  for  a  long  j^eriod  im- 
pelled to  unusually  violent  exertion,  it  becomes  hj'^pertrophied. 

In  many  of  these  conditions  there  is  a  mechanical  interference  with 
the  flow  of  the  blood  either  in  the  heart  itself  or  in  the  arteries,  and  as 
a  consequence  the  heart  is  overloaded  with  blood,  but  in  some  the 
mechanical  cause  is  not  very  obvious.  As  a  general  rule  the  cavities  are 
dilated  and  the  dilatation  may  indeed  be  the  primary  condition,  the 
hypertrophy  occurring  as  a  secondary  consequence.  It  is  usual,  there- 
fore, to  consider  dilatation  and  hypertrophy  together,  there  being  com- 
monly some  dilatation  along  with  the  hypertrophy. 

Hypertrophy  from  overstrain. — Idiopathic  hypertrophy. — Patho- 
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legists  have  frequently  observed  that  hypertrophy  of  the  heart  has 
existed  without  any  mechanical  hindrance  in  the  circulation  being  dis- 
coverable. Some  of  these  cases  have  been  traced  to  functional  disorders 
of  the  heart,  the  organ  contracting  more  frequently  and  violently  than  it 
should.  But  some  cases  are  really  due  to  frequent  and  violent  exercise, 
which  has  been  so  prolonged  as  to  have  taxed  the  contractile  power  of 
the  heart  beyond  its  normal  powers.  An  acute  overstrain  may  be  pro- 
duced by  prolonged  muscular  exertion,  such  as  in  hill-climbing  (Allbutt). 
It  has  been  induced  experimentally  by  Roy  and  Adami  by  narrowing 
the  aorta.  In  that  case  dilatation  of  the  heart,  followed  by  incompetence 
of  the  auriculb-ventricular  valve  was  the  result. 

^Yh.en  frequently  repeated,  such  overstrain  will  lead  to  hypertrophy, 
which  may  only  partly  compensate,  and  there  may  be  a  permanent 
over-dilatation  with  incompetence  of  the  valves. 

This  has  been  observed  under  a  variety  of  circumstances.  It  has  been  described 
as  occurring  amongst  the  Cornish  miners,  who  after  their  work  was  over  had  to 
reach  the  sm-face  of  the  earth  by  climbing  ladders  for  an  hour  (Peacock),  or  in  the 
case  of  people  in  hilly  countries  who  are  in  the  habit  of  carrying  loads  uphill 
(Miinzinger).  It  has  been  observed  also  in  young  soldiers,  who  as  a  result  of  severe 
drill,  have  frequently  attacks  of  palpitation.  The  ability  of  the  heart  varies  greatly 
in  different  individuals  ;  in  some  the  strain  of  drill  reveals  a  weakness  which  has 
come  to  be  recognized  in  the  army  as  "  irritable  heart "  (Maclean  and  Myers). 
During  campaigns  also,  long  marches  may  so  overstrain  the  heart  as  to  lead  to 
dilatation  and  hypertrophy  (Frantzel). 

As  further  examples  of  the  causes  of  hypertrophy  of  the  heart  may 
be  mentioned,  Adhesion  of  the  pericardium  and  Valvular .  disease,  in 
l)oth  of  which  interference  with  the  circulation  exists,  as  will  be  seen 
further  on.  ^ 

Hypertrophy  is  a  frequent  resiilt  of  Obstruction  to  the  circulation 
in  the  lungs.  In  emphysema,  for  instance,  there  is  great  obliteration  of 
the  pulmonary  vessels  and  the  right  ventricle  contracts  more  vigorously 
to  compensate.  A  similar  result  may  follow  other  chronic  diseases  of 
the  lung,  and  even  extensive  pleural  adhesions. 

Interferences  with  the  systemic  circulation,  especially  Aneurysms  and 
Rigidity  of  the  arteries,  are  frequent  causes  of  hypertrophy  of  the  left 
ventricle. 

Chronic  Bright's  disease  leads  to  hypertrophy  of  the  loft  ventricle  by 
raising  the  general  systemic  blood-pressure.  (See  further  under  Diseases 
of  the  Kidneys.) 

Forms  of  cardiac  hypertrophy. — From  what  has  gone  before,  it  will 
l)e  apparent  that  hypertrophies  of  the  heart  vary  greatly  in  amount  and 
in  the  distribution  of  the  enlargement.  The  term  General  hypertrophy 
is  used  to  express  an  enlargement  of  the  heart  in  all  its  parts,  while 
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Partial  hypertrophy  exi^resses  an  enlargement  limited  to  a  jjart  of  the 
organ.  As  it  is  the  ventricles  which  are  specially  exposed  to  the  causes 
of  hypertrophy  the  partial  forms  are  divisible  into  two,  namely,  hyper- 
trophy of  the  right  and  left  ventricles  respectively. 

In  General  hypertrophy  the  general  shape  of  the  heart  is  not  much 
altered.  The  heart  is  enlarged  in  all  its  parts,  the  ventricles  and 
auricles  are  increased  in  capacity,  and  their  walls  thickened.  The 
heart  is  like  that  of  a  bullock  in  size,  so  that  the  name  cor  bovis  is  often 
applied  to  it. 

When  the  right  ventricle  is  mainly  affected,  the  heart  assumes  a 
somewhat  quadrilateral  form  (see  Fig.  153).  On  examining  the  normal 
heart  as  it  lies  on  its  posterior  surface,  after  removal  from  the  body,  the 
right  ventricle  is  seen  to  occupy  the  greater  part  of  the  anterior  aspect. 
The  normal  position  of  the  septum,  as  shown  in  the  accompanying 
figure,  is  slightly  to  the  right  of  the  left  border,  and  it  reaches  the  apex 
region  slightly  to  the  right  of  the  true  apex.  In  the  heart  the  position 
of  the  septum  is  always  indicated  on  the  surface  by  the  coronary  artery 
which,  with  its  padding  of  fat,  occupies  a  groove  corresponding  with  the 
anterior  border  of  the  septum.  In  hypertrophy  of  the  right  ventricle, 
as  shown  by  the  dotted  line  in  the  figure,  the  apex  is  unduly  obtuse, 
and  it  is  often  difficult  to  determine  what  is  its  exact  seat.  The  septum 
is  nearer  the  left  border  than  usual,  and  it  reaches  the  apex  region 
rather  to  the  left  than  the  right  of  the  most  projecting  point.  The 
right  ventricle  also  monopolizes  the  anterior  aspect  of  the  heart  stUl 


Fig.  153. — Hypeitrophy  of  right  ventricle. 

The  alteration  in  shape  is  indicated  by  the  dot-  Fig.  154.— Hypertrophy  of  left  ventricle.  The 

ted  line;  a,  superior  vena  cava;  b,  aorta;  c,  alteration  in  shape  indicated  bv  dotted  lines-  y, 

conus  arteriosus;  d,  righ t auricle ;  e,  leftauriele;  the  hypertrophiod  ventricle.  (Hindflkiscii.) 
,/,  left  ventricle.  (Rindi'leiscu.) 

more  than  in  the  normal  condition.  AVhen  the  heart  is  laid  open,  the 
undue  thickness  of  the  right  ventricle,  as  well  as  the  enlargement  of  its 
cavity,  become  apparent. 
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In  Hypertrophy  of  the  left  ventricle  the  relations  arc  very  different, 
as  shown  in  Fig.  154.  The  heart  as  a  whole  is  more  elongated  and 
pointed  than  normal,  and  this  is  often  very  striking.  The  apex  part 
especially  appears  greatly  prolonged.  When  the  heart  is  viewed  on  its 
anterior  aspect  the  septum  is  seen  to  lie  more  to  the  right  than  is 
normal,  and  the  true  apex  is  much  further  to  the  left  of  the  point  at 
which  the  septum  reaches  the  apex  region.  On  laying  open  the  heart, 
the  thickening  of  the  wall  of  the  left  ventricle  is  very  obvious,  and  the 
septum  is  often  greatly  thickened.  The  septum  belongs  partly  to  the 
left  and  partly  to  the  right  ventricle,  but  as  the  left  ventricle  is  much 
thicker  than  the  right  the  septum  belongs  more  to  the  left.  It  will 
partake,  in  the  hypertrophy  of  either  ventricle,  and,  in  the  case  we 
are  considering,  the  thickening  is  often  very  striking.  The  thickened 
septum  frequently  bulges  into  the  right  ventricle,  sometimes  diminishing 
its  capacity  greatly,  and  even  producing  actual  obstruction  of  the  conus 


Fig.  155. — Transverse  section  of  ventricles  of  heart  show- 
ing hypertrophy  of  the  left,  from  a  case  of  chronic  Brighl's 
disease. 


arteriosus.  In  transverse  section  the  hypertrophy  of  the  left  ventricle 
is  sometimes  very  manifest,  the  right  forming  merely  a  crescentic 
appendage  (see  Fig.  155). 

The  total  Increase  in  weight  in  hypertropliy  of  the  heart  is  greatest  in  cases  where 
both  ventricles  are  enlarged,  and  the  weight  of  the  heart  in  such  cases  not  uncom- 
monly reaches  from  27  to  30  ounces.  It  is  least  where  the  right  ventricle  alone  is 
enlarged,  because  this  ventricle,  as  a  whole,  weighs  much  less  than  the  left,  but  in 
pure  right  ventricular  hypertrophy  a  weight  up  to  17  ounces  is  not  infrequent.  In 
hypertrophy  of  the  left  ventricle,  as  in  Bright's  disease,  the  weight  is  frequently 
over  20  ounces. 

The  hypertrophied  heart  often  presents  a  peculiarly  firm  condition  of  its  wall, 
and  this  has  been  ascribed  by  Sir  William  Jenner  to  a  Passive  congestion  of  the 
heart.  Cases  of  cardiac  hypertrophy  are  very  frequently  such  as  to  lead  to  a  general 
venous  engorgement,  in  which  the  heart  itself,  being  related  to  the  general  venous 
system,  partakes.    Now,  prolonged  venous  hyperasmia  produces  in  organs,  as  we  have 
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seen  already,  a  certain  hypertrophy  and  increased  density  of  the  connective  tissue. 
Some  part  of  the  hypertrophy  in  such  cases  may  even  be  due  to  increase  of  the 
interstitial  connective  tissue.  Hence  the  result  is  that  the  walls  of  the  heart  ai-e 
more  rigid  than  normal,  and  when  the  cavities  are  laid  open  they  do  not  collapse, 
but  stand  out  with  their  outline  retained,  the  walls  having  a  tough  leathery 
character.  The  muscular  substance  also  is  frequently  of  a  very  red  colour,  this 
being  largely  due  to  the  excess  of  blood  in  the  vessels. 

Literature. — Overslra-iii  of  the  heart — Peacock,  On  some  of  the  causes  and  effects 
of  valv.  dis.  of  heart,  1865 ;  Leitz,  Deutsch.  Arch.  f.  klin.  Med.,  xi.  and  xii. ; 
MiiNziNGER,  do.,  xix. ;  Maclean,  Brit.  Med.  Jour.,  Feb.  16,  1867,  etc.;  Myers,  On 
diseases  of  the  heart  among  soldiers,  1870 ;  Fbantzel,  Virchow's  Arch.,  Ivii.  215 ; 
Cliffoed  Allbuit,  St.  George's  Hosp.  Eep.,  1870,  v.  23;  Eoy  and  Ad.uii,  Brit.  Med. 
Jour.,  1888,  ii.  1321 ;  Jennee  (Congested  heart),  Med.  Chir.  trans.,  1860,  p.  199. 

VI.— INFLAMMATIONS  OF  THE  HEART. 

The  inflammations  of  the  heart  are  divisible  into  three  forms,  accord- 
ing as  the  myocardium,  the  endocardium,  or  the  pericardium  is  the 
primary  seat.  As  the  myocardium  is  closely  in  contact  with  pericardium 
and  endocardium  it  will  sometimes  partake  to  some  extent  in  their 
inflammations. 

1.  Myocarditis. — This  name  designates  inflammation  of  the  muscular 
substance  of  the  heart.    Several  forms  are  distinguished. 

Parenchymatous  myocarditis  is  a  general  inflammation  of  the  proper 
muscular  flbre  of  the  heart.  The  term  is  applied  chiefly  to  cases  of 
aggravated  parenchymatous  degeneration,  occurring  in  acute  infective 
diseases.  It  is  met  with  chiefly  in  septic  and  pyaemic  conditions  and 
in  diphtheria. 

It  must  be  said  that  this  form  of  disease  is  somewhat  indefinite,  and  in  any  case 
is  secondary  in  its  origin.  There  is  reason  to  believe,  however,  that  certain  of  the 
morbid  poisons  attack  the  heart  more  especially,  and  act  directly  on  its  muscular 
substance.    This  is  true  especially  of  diphtheria  and  perhaps  also  smaU-pox. 

Purulent  myocarditis  is  also  a  secondary  affection,  occurring  in  con- 
sequence of  the  transportation  of  material  containing  infective  micro- 
organisms. It  is  frequently  embolic,  being  part  of  the  phenomena  of 
pyaemia  or  ulcerative  endocarditis.  The  infective  matter  is  distributed 
by  the  coronary  arteries  and  gives  rise  to  multiple  softenings  going  on 
to  the  formation  of  Abscesses.  Such  localized  suppurations  will  soften 
the  wall  of  the  heart  and  may  lead  to  Aneurysm  or  Rupture.  They  do 
not  burst  into  the  cavities  of  the  heart,  but  are  liable  to  extend  to  the 
pericardium,  where  they  give  rise  to  a  purulent  i^ericarditis.  A  suppura- 
tive inflammation  of  the  myocardium  may  also  occur  by  extension  from 
the  endocardium  in  ulcerative  endocarditis.  The  microbes  on  which 
this,  disease  depends  may  propagate  into  the  nniscular  substance,  and  so 
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cause  ulceration  (acuie  ulcer  of  the  heart)  or  may  even  lead  to  an  abscess 
burrowing  in  the  wall  of  the  heart.  This  also  may  lead  to  aneurysm  or 
rupture  of  the  wall.  It  must  be  seldom  that  such  abscesses  as  those 
will  heal,  but  there  are  cases  in  which  calcification  either  of  the  abscesses 
or  of  portions  of  the  heart's  substance  which  had  been  softened  by  em- 
bolism has  been  observed  in  pyaemia.  A  case  observed  by  the  author 
and  referred  to  under  calcareous  infiltration  was  probably  of  this  kind. 

Interstitial  myocarditis  consists  in  an  inflammatory  increase  of  the 
interstitial  connective  tissue.  There  is  no  doubt  that  in  the  great 
majority  of  cases  the  cicatricial  or  tendinous  patches  met  with  in  the 
heart  are  due  to  obstruction  of  the  coronary  artery,  as  already  described, 
and  in  all  such  cases  these  arteries  should  be  examined.  A  more  direct 
local  inflammation  may  be  due  to  other  specific  causes.  Thus  in  peri- 
carditis or  in  endocarditis,  the  inflammation  may  extend  to  the  muscular 
substance,  causing  induration  of  the  superficial  layers  on  the  one  hand, 
or  of  the  internal  layers  on  the  other.  And  again  in  chronic  endocarditis 
iiifecting  the  mitral  valve  we  often  find,  along  with  thickening  of  the 
chordae  tendinese,  a,  partial  conversion  of  the  musculi  papillares  into 
dense  fibrous  tissue,  in  fact,  an  interstitial  inflammation  with  destruction 
of  the  muscular  tissue. 

A  localized  interstitial  myocarditis  may  be  the  result  of  Syphilis. 
There  is  sometimes  a  definite  gumma,  around  which  a  great  newforma- 
tion  of  connective  tissue  has  occurred,  but  there  may  be  a  local  cicatri- 
cial condition  -wathout  any  gumma  being  detected.  In  these  cases  there 
has  probably  been  a  gumma  at  an  earlier  period.  Syphilis  may  also, 
perhaps,  produce  fibrous  transformation  by  causing  syphilitic  lesions  in 
the  coronary  artery  such  as  already  described. 

It  is  doubtful  whether  a  general  interstitial  myocarditis  occurs.  Some  have 
asserted  its  existence  in  dilated  and  hypertrophied  hearts,  and  especially  in  the 
hypertrophy  of  the  left  ventricle  in  Bright' s  disease  (see  especially  Turner).  There 
is,  no  doubt,  in  the  congested  heart  hypertrophy  of  the  connective  tissue,  but  the 
author  has  failed  to  find  evidence  of  a  true  inflammatory  condition  either  here  or  in 
the  hypertrophy  of  Bright's  disease. 

2.  Endocarditis. — The  various  forms  of  endocarditis  are  somewhat 
closely  related  to  each  other,  but  it  is  possible  to  distinguish  three 
forms,  a  simple  acute,  a  simple  chronic,  and  an  ulcerative  or  infective 
form. 

(«)  Simple  acute  endocarditis  {Endocarditis  verucosa)  occurs  as  a 
secondary  effect  of  certain  acute  febrile  diseases. 

Causation. — Chief  amongst  the  causes  is  Acute  rheumatism,  but 
chorea  is  not  infrequently  complicated  by  it,  and  more  rarely 
scarlet  fever,  measles,  typhoid  fever.    According  to  Bamberger  20  per 
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cent,  of  the  cases  of  acute  rheumatism  are  complicated  with  acute  endo- 
carditis. Whatever  view  we  take  of  the  origin  and  nature  of  acute 
articular  rheum^atism,  it  must  be  admitted  that  the  blood  is  in  itself  of 
an  unusually  irritating  nature,  or  else  it  carries  an  irritant.  The  occur- 
rence of  acute  inflammations  in  several  joints  often  removed  consider- 
ably from  one  another,  and  the  frequent  supervention  of  inflammation 
in  the  pericardium  and  endocardium,  are  suflScient  evidences  of  this.  The 
irritant,  whatever  be  its  nature,  seems  to  act  specially  on  connective 
tissue  membranes,  and  on  such  as  are  exposed  to  friction  of  their 
surfaces.  It  affects  the  joints  where  the  synovial  membranes  lie  against 
each  other  and  in  the  movements  of  the  joints  are  moved  on  one 
another.  It  attacks  the  pericardium  where  the  movements  of  the  heart 
cause  continuous  rubbing,  and  when  it  attacks  the  endocardium  it 
affects  exactly  the  localities  where  the  surfaces  come  in  contact.  It  is  as 
if  in  addition  to  the  irritant  in  the  blood,  the  mechanical  irritation  of 
friction  were  necessary  to  the  occurrence  of  inflammation,  and  it  may 
be  added  that  in  the  adult  the  inflammation  is  almost  limited  to  the 
valves  of  the  left  side  of  the  heart,  where  the  higher  tension  of  the 
blood  and  greater  force  of  the  heart  make  the  mechanical  force  of 
friction  greater  than  on  the  right  side.  We  shall  see  afterwards  how 
this  fact  bears  on  the  localization  of  the  endocarditis. 

According  to  some  authors  the  acute  inflammation  is  due  to  the  presence  of 
micrococci  (Koster,  Klebs,  Osier).  Micrococci  have  been  occasionally  detected  in 
the  warty  vegetations,  but^they  are  mostly  absent,  although  ijossibly  in  these  cases 
they  may  have  been  present  at  an  earlier  period.  It  may  be  that  acute  rheimiatism 
is  due  to  some  form  of  micrococcus,  but  this  is  not  yet  determined.  Koster  asserts 
that  the  micrococci  reach  the  valves,  by  the  vessels  of  the  endocardium,  that  is  by 
a  process  of  emboUsm,  while  others  believe  that  they  are  deposited  from  the  blood. 
If  simple  endocarditis  is  really  dependent  on  a  micrococcus,  it  must  be  a  much  less 
virulent  one  than  that  which  is  undoubtedly  present  in  ulcerative  endocarditis. 

Characters  of  lesion. — The  most  characteristic  eftects  produced  in 
acute  endocarditis  are  the  so-called  Warty  vegetations,  which  are  pale, 
irregular  projections  from  the  surface  of  the  endocardium,  generally  of 
small  size  and  somewhat  shaggy  in  appearanee.    (See  Fig.  156.) 

The  vegetations  are  composed  partly  of  the  swollen,  inflamed  tissue 
of  the  valve  and  partly  of  fibrine  deposited  on  the  inflamed  surface. 
The  inflamed  connective  tissue  produces  round  cells  and  is  converted 
into  granulation  tissue,  and  the  affected  parts  are  thus  increased  in  bulk, 
and  rendered  more  friable  so  that  irregular  projections  are  jiroduced. 
The  projections  are  enlarged  by  deposition  of  fibrine,  which  may  be 
regarded  as  a  kind  of  fibrinous  exudation,  but  is  derived  from  the  blood 
flowing  over  the  surface,  and  is  not  really  an  exudation  from  the  vessels 
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of  the  part.  It  is,  perhaps,  more  correctly  a  thrombosis,  and  as  the 
blood  is  in  motion  the  White  thrombus  is  the  form  produced.  The 
fibrine  generally  forms  the  greater  part  of  the  bulk  of  the  vegetations. 


On  their  first  occurrence  the  vegetations  are  limited  to  the  parts  of  the 
valves  which  come  against  each  other  in  the  closure  of  the  valves,  and 
this  localization  continues  more  or  less  throughout. 

When  after  removal  of  the  heart  a  stream  of  water  is  sent  into  the 
aorta  cut  transversely  a  short  distance  above  the  valve,  we  can  look 
down  on  the  valve  closed  by  the  force  of  the  water.  It  will  then  be 
seen  that  the  curtains  are  not  in  contact  by  their  margins,  but  that  the 
line  of  contact  is  slightly  removed  from  their  edges,  and  a  certain 
portion  of  the  valve  floats  free  in  the  water,  taking  no  direct  part  in 
the  closure  of  the  orifice.  The  line  of  contact  is  nearest  the  edge  of 
the  ciu"tain  at  the  middle  of  each  segment  or  the  corpus  Ai'antii,  and 
forms  on  either  side  of  this  a  curved  line  with  the  convexity  down- 
wards. Between  the  line  of  contact  and  the  edge  of  the  curtain  the 
valve  is  often  perforated,  and  it  may  even,  as  we  have  seen  before 
(p.  365,  Fig.  144),  be  partially  resolved  into  tendinous  cords,  without 
interfering  with  the  closure  of  the  valve. 

In  the  mitral  valve  the  line  of  contact  is  also  removed  from  the 
edges  of  the  curtains.  In  the  case  of  the  aortic  valve  the  line  of  contact 
is  of  course  on  the  ventricular  side  of  the  curtains,  but  in  the  mitral  it 
is  on  the  auricular  side,  and  in  order  to  see  the  vegetations  in  acute 
endocarditis  it  is  usually  necessary  to  examine  the  orifice  by  looking  in 
from  the  auricle.  Acute  endocarditis  of  the  mitral  often  escapes  notice 
from  this  not  being  done. 

In  acute  endocarditis  the  warty  vegetations  frequently  demarcate 

very  accurately  the  lines  of  contact  of  the  aortic  and  mitral  valves,  and 

the  appearances  produced  in  the  former  case  are  indicated  in  Fig.  156. 

2  B 


Fig.  156. — The  aortic  valve  in  acute  endocarditis.  The  warty 
vegetations,  occupying  the  lines  of  contact,  are  shown. 
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When  the  inflammation  extends  to  the  valves  of  the  right  side,  the 
same  principles  apply.  In  the  case  of  the  pulmonary  valve  the  vegeta- 
tions appear  along  the  line  of  contact  on  the  ventricular  aspect  of  the 
curtains,  and  in  the  tricuspid  they  are  to  be  seen  by  looking  down 
through  the  auricle. 

The  occurrence  of  these  changes  in  the  tissue  renders  it  unduly 
brittle,  and  it  is  not  surprising  to  find  that  bits  of  the  vegetations  are 
frequently  broken  off  and  carried  by  the  arteries  to  distant  parts,  to 
produce  embolism  there.  These  broken-off  pieces  are  mostly  small, 
and,  beyond  the  ordinary  phenomena  of  embolism  in  small  arteries  and 
capillaries,  they  do  not  by  their  own  nature  produce  much  disturbance, 
in  this  respect  contrasting  with  the  emboli  of  ulcerative  endocarditis. 
The  softening  of  the  tissue  may  result  in  one  of  two  further  lesions, 
either  of  which  may  interfere  with  the  fimction  of  the  valve  :  these  are 
rujitiu'e  of  the  chordae  tendinese  and  valvular  aneurysm. 

Rupture  of  the  chordse  tendinese  sometimes  occurs  in  the  mitral 
valve  when  the  inflammation  happens  to  extend  to  these  structures. 
The  result  will  be  that  during  the  systole  of  the  ventricle  the  valvular 
curtain  will  be  allowed  to  some  extent  to  pass  upwards  towards  the 
auricle,  and  so  allow  of  regurgitation  through  the  orifice. 

Aneurysm  of  the  valves  is  the  condition  in  which  a  pouch  exists, 
projecting  from  a  valve  and  with  a  narrow  neck.  It  occurs  in  ulcera- 
tive as  well  as  in  simjDle  acute  endocarditis.  With  the  aid  of  the 
accompanying  diagram,  the  mode  of  formation  of  the  aneurysm  may  be 


Fig.  167. — Diagram  of  mode  of  formation  of  aneurysm  of  aortic 
valve.  The  curtain  (a)  formed  of  two  layers  ;  at  (b)  its  outer  layer 
roughened  and  softened ;  at  (c)  the  aneurysm,  which  has  burst  at 
(rf),  so  as  to  perforate  the  valve. 

illustrated  in  the  case  of  the  aortic  valve,  which  is  its  most  frequent 
seat.  The  semilunar  curtains  which  form  the  valve  are  each  composed 
of  a  double  fold  of  endocardium,  as  represented  at  a.  In  acute  endocar- 
ditis it  is  the  ventricular  layer  which  is  principally  involved  along  the 
line  of  contact,  as  indicated  at  h.  The  aortic  layer  is  usually  smooth  and 
unaltered  to  the  naked  eye.  At  the  affected  part  of  the  ventricular 
layer  the  tissue  is  softened,  and  during  the  closure  of  the  valve,  the 
single  aortic  layer  may  be  unable  to  support  the  full  pressure  of  the 
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blood.  In  this  way  it  may  be  pushed  towards  the  ventricle,  carrying 
before  it  the  softened  ventricular  layer,  as  at  c.  It  will  be  apparent 
that,  in  the  case  of  the  aortic  valve,  the  aneurysm  will  always  project 
into  the  ventricle.  In  the  case  of  the  mitral  valve,  on  the  other  hand, 
the  softened  layer  is  on  the  auricular  surface  of  the  valve,  and  the 
pressure  of  the  blood  during  closure  of  the  valve  being  exercised 
towards  the  auricle,  the  aneurysm  consequently  projects  towards  that 
cavity. 

As  the  aneurysm  owes  its  origin  to  acute  endocarditis,  its  surface  is 
usually  covered  with  vegetations,  which  are  often  very  abundant,  and 
may  so  conceal  the  aneurysm  as  to  lead  to  its  being  overlooked.  The 
aneurysm,  again,  may  rupture,  and  so  produce  a  perforation  of  the  valve. 
It  is  sometimes  as  if  the  bottom  had  been  blown  out  of  the  aneurysm 
and  a  short  tube  left,  surrounded  by  shaggy  vegetations  (as  at  d  in 
figure).  Even  in  that  case,  however,  if  the  neck  of  the  aneurysm  be 
examined,  it  is  often  found  that  the  endocardium,  as  it  passes  into  it, 
is  smooth  and  unaltered. 

{h)  Chronic  endocarditis  commonly  follows  on  the  acute  form,  and, 
like  it,  is  related  to  acute  rheumatism,  but  it  may  be  of  more  indepen- 
dent origin,  not  infrequently  occurring  in  the  aortic  valve  along  with 
the  similar  disease  of  the  aorta,  namely,  Atheroma.  (See  further  on, 
under  Insufficiency  of  the  Aortic  Valve.)  It  is  also  stated  by  Roy  and 
Adami  that  overstrain  of  the  heart,  by  acting  mechanically  on  the 
valvular  structures,  induces  oedema  and  subsequent  thickening.  In  the 
ordinary  rheumatic  form  it  appears  as  if  the  irritation  were  prolonged 
in  a  less  intense  form,  and  the  changes  in  the  valvular  structures  extend 
beyond  the  localities 
which  we  have  seen  to 
be  mainly  affected  in 
acute  endocarditis. 

The  chronic  form  is 
chiefly  characterized  by 
newformation  of  con- 
nective tissue.  The 
granulation  tissue  of  the 
acute  stage  develops 
into  connective  tissue, 
and  the  process  extends 
slowly  to  the  remaining 

structures  of  the  valves.    ^,         „    ^    .  ,    ,     .  ^.u    ,  ^  *  „f 

Fig.  158.— Great  thickening  of  the  ohordre  tendinoio  of  tlie 
In  this  way  arise  great  valve,  the  result  of  chronic  endocarditis. 

thickenings  of  the  valves  (Fig.  158),  and,  as  the  connective  tissue  is  of 


388 


DISEASES  OF  HEART  AND  PERICARDIUM. 


that  dense  nature  common  in  chronic  inflammations,  the  thickened  val- 
vular structures  are  often  exceedingly  rigid.  The  new-formed  tissue 
also  contracts,  and  in  this  w^ay  we  may  have  great  retractions  of  the 
valves  leading  to  serious  deformities,  as  we  shall  see  in  studying 
valvular  diseases.  Again,  it  frequently  happens  that  two  opposed 
inflamed  surfaces  coalesce,  and  we  may  have  still  further  deformity 
from  this.  We  have  already  seen  that  the  inflammation  may  extend 
from  the  endocardiimi  to  the  muscular  substance,  leading  to  cicatricial 
transformation  of  it. 

In  the  great  majority  of  cases,  the  endocarditis  is  limited  to,  or  has 
its  centre  in,  the  valvular  structures,  but  it  sometimes  happens  that  in 
other  parts  of  the  heart  an  apparently  independent  endocarditis  is  set 
up.  This  may  be  along  with  valAOolar  endocarditis,  but  separated  from 
it  by  sound  tissue,  or  it  may  be  without  any  valvular  lesion.  We  may 
find  an  isolated  patch  of  thickening  on  the  surface  of  the  left  ventricle, 
and  we  have  already  seen  that  the  disease  may  penetrate  into  the  mus- 
cidar  substance. 

The  thickened  and  rigid  connective  tissue  frequently  becomes  the 
seat  of  secondary  changes.  Fatty  degeneration  may  occur.  But  this 
is  much  less  frequent  than  Calcareous  impregnation,  which  may  be 
taken  as  evidence  that  the  hard,  dense,  cicatricial  connective  tissue  has,, 
to  a  great  extent,  lost  its  vitality.  This  condition  is  of  such  frequent 
occurrence  that  it  may  be  regarded  as  the  normal  termination  of  chronic 
endocarditis.  It  sometimes  occurs  with  a  very  moderateS^egree  of 
thickening,  especially  in  aff'ections  of  the  aortic  valve  already  referred 
to  as  connected  with  atheroma,  and  its  extent  and  the  date  of  its 
occurrence  are  doubtless  determined  by  individual  peculiarities.  It 
may  occur  in  the  form  of  a  moderate  calcification  in  the  deeper  parts  of 
the  thickened  tissue,  or  the  lime  salts  may  be  deposited  in  a  more  bulky 
form  so  as  to  give  the  feeling  of  considerable  stony  masses.  The 
occurrence  of  calcareous  infiltration  is  often  of  serious  import.  The 
valvular  structures  are  rendered  still  more  rigid,  and  there  enters  the 
new  element  of  brittleness.  The  calcified  portion  of  the  valve  is- 
exjDosed  very  often  to  mechanical  violence  in  the  closure  of  the  valve, 
and  it  is  common  to  find  that  the  valve  has  been  broken  and  a  piece  of 
calcareous  matter  carried  off".  So  far  as  the  valve  is  concerned,  this  i& 
not  very  serious,  but  as  the  piece  carried  off"  is  usually  of  some  size,  the 
resulting  Embolism  is  frequently  of  great  consequence.  Embolism  of 
the  cerebral  arteries  leading  to  extensive  softening  is  much  more  fre- 
quent in  chronic  than  in  acute  endocarditis,  and  probably  the  same 
applies  to  aneurysms  of  the  larger  cerebral  arteries,  which,  as  we  shall 
afterwards  see,  may  have  their  origin  in  embolism.    Embolism  of  the- 
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spleen  and  kidneys  is  also  a  frequent  result.  The  rough  surface  left  by 
the  breaking-ofi"  of  the  calcareous  piece  gets  coated  with  fibrine,  and 
here  again  it  is  said  that  micro-organisms  may  be  present.  The  fibrine 
may,  by  getting  detached,  form  a  fresh  source  of  embolism. 

It  is  necessary  carefully  to  distinguish  from  chronic  endocarditis  the 
formation  of  Opaque  patches  on  the  valves  with  very  little  thickening. 
In  this  case  there  is  little  more  than  a  fatty  degeneration  of  the  endo- 
cardium. Such  patches  are  not  uncommon  on  the  mitral  valve,  and  are 
often  erroneously  regarded  as  due  to  endocarditis. 

(c)  Ulcerative  endocarditis  (also  called  Malignant  and  Diphtheritic 
endocarditis)  is  regarded  by  some  as  merely  a  form  of  acute  endocardi- 
tis, but  it  presents  such  differences  that  it  seems  necessary  to  place  it  in 
a  class  by  itself.  The  special  features  in  the  disease  are  the  activity  of 
the  destructive  process  in  the  heart,  its  connection  with  the  existence  of 
micrococci,  and  the  virulence  of  the  metastatic  processes  when  emboli 
are  carried  to  distant  parts. 

Causation. — The  disease  is  due  to  the  implantation  of  pathogenic 
microbes  on  the  endocardium.  There  seems  reason  to  believe  that 
pyogenic  micrococci  constitute  the  form  of  microbe,  but  the  source  of 
these  is  sometimes  obscure.  The  disease  has  been  observed  to  occur  in 
the  course  of  a  number  of  acute  febrile  affections.  It  is  met  with  in 
pyaemia,  puerperal  fever,  acute  rheumatism,  small-pox,  etc.,  and  Osier 
has  pointed  out  that  in  a  large  proportion  of  cases  acute  pneu- 
monia has  been  the  primary  disease.  There  are,  however,  cases  in 
which  no  definite  connection  with  any  other  disease  can  be  traced.  In 
the  case  of  'pyaemia  and  puerperal  fever  the  source  of  the  micro- 
organisms is  not  far  to  seek,  but  in  the  other  cases  it  is  more  difiicult. 
In  order  to  the  occurrence  of  ulcerative  endocarditis,  it  seems  probable, 
from  the  results  of  experiments  on  animals,  that  some  previous  damage 
to  the  endocardium  is  usually  to  be  inferred.  This  damage  may  be  the 
result  of  a  simple  endocarditis,  and  the  way  being  thus  opened,  the 
microbes  may  find  entrance. 

The  micrococci  from  cases  of  ulcerative  enclocarclitis  have  been  cultivated  on 
nutrient  media  in  order  to  determine  their  characters.  They  have  been  found 
sometimes  to  possess  the  usual  characters  of  the  micrococci  of  suppuration.  Thus 
the  Staphylococcus  pyogenes  aureus  and  albus  and  the  Streptococcus  pyogenes 
have  been  found  (Weichselbaum). 

Experiments  have  been  made  by  injecting  cultures  of  these  micro-organisms  into 
the  blood  of  rabbits.  It  has  been  found  that  as  a  rule  their  simple  presence  in  the 
blood  is  not  sufficient  to  cause  ulcerative  endocarditis,  but  that  when  the  valves  were 
at  the  same  time  injured  then  this  affection  supervened  (Orth  and  Wissokowitsch)_ 
On  the  other  hand,  it  was  found  by  Eibbert  that  when  an  emulsion  was  made  of  a 
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culture  of  these  micro-organisms  on  potatoes  tlie  injection  of  the  emulsion  was  fol- 
lowed by  ulcerative  endocarditis.  Apparently  small  particles  of  potato  adhered  to 
the  endocardium  and  planted  the  micro-organism. 

Characters  of  lesion. — In  its  local  manifestations  this  form  presents 
some  resemblance  to  simple  acute  endocarditis.  The  disease  affects, 
usually,  the  valvular  structures,  and  produces  an  enlargement  and 
roughening  of  them.  But  there  is  not  the  same  localization  along  the 
lines  of  contact,  the  process  generally  developing  in  a  defined  area, 
sometimes  removed  from  the  valve.  Again,  the  disease,  as  the  name 
implies,  is  a  much  more  destructive  one,  the  parts  concerned  breaking 
down  more  readily.  In  this  way  perforation  or  aneurysm  of  the  valve 
more  readily  occiirs.  Sometimes  an  actual  suppuration  manifests  itself 
in  the  valvular  structures,  but  the  frequent  passage  of  the  blood 
prevents  any  considerable  accumulation  of  pus.  The  ulceration  some- 
times passes  to  the  muscular  wall  of  the  heart,  especially  Avhen  the 
patch  of  ulceration  is  away  from  the  valves.  The  destructive  process 
spreads  rapidly  in  the  myocardium,  and  a  distinct  abscess  may  be  the 
result.  In  this  way  also  an  acute  aneurysm  of  the  heart  may  super- 
vene. 


Fig.  159. — Portion  of  valve  in  ulcerative  endocarditis,  a.  fibrine  with  colonies  of  micrococci  ; 
the  colonies  are  indicated  by  the  roundish  clumps ;  b,  endocardium  becoming  raised  by  in- 
flammatory infiltration  ;  e,  elastic  layer  of  endocardium  ;  c,  round  cells  infiltrating  endocar- 
dium, at  d,  passing  into  superficial  layer  of  fibrine  and  micrococci,    x  22. 

In  their  more  intimate  characters,  also,  the  conditions  in  ulcerative 
endocarditis  differ  from  those  in  the  ordinary  simple  form.  As  the 
accompanying  figure  shows,  there  is  a  veiy  marked  infiltration  of  the 
valvular  structures  with  round  cells,  almost  a  suppurative  condition. 
This  is  immediately  overlaid  by  a  fibrinous  coagulum,  as  in  the  case  of 
simjDle  endocarditis,  but  mixed  with  the  fibrine  there  are  colonies  of 
micrococci  which  give  quite  a  strildng  character  to  the  layer.  The 
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appearances  in  distant  parts  are  evidence  that  pieces  are  frequently 
carried  off  from  the  valves,  and,  looking  to  the  soft  character  of  the 
superficial  parts  we  are  not  surprised  at  the  occurrence  of  Multiple 
embolism. 

Perhaps  the  most  striking  feature  in  this  disease  is  the  occurrence  of 
Metastatic  abscesses  in  distant  parts.  These  are  found  in  the  heart 
itself,  in  the  spleen,  in  the  Iddneys,  in  the  skin,  etc.  They  are  every- 
where of  small  size,  and  usually  in  large  numbers.  These  abscesses  are 
obviously  related  to  emboli  carried  off  from  the  endocardial  lesion,  and 
lodged  in  the  finer  arteries  or  capillaries.  The  accompanying  figure 
represents  a  small  artery  in  the  midst  of  an  incipient  abscess  in  the 


Fig.  160. — From  the  kidney  in  iiluonitivo  endocarditis.  An  artery  is 
shown,  plugged  with  a  dark  material  containing  micrococci.  Around 
these  are  myriads  of  leucocytes  wliich  are  infiltrating  the  necrosed  wall 
of  the  vessel  and  the  Icidney  tissue  around.    X  90. 


idney.  It  is  seen  that  its  cab'bre  is  plugged  by  a  material  in  which 
ire  occasional  masses  of  micrococci.  At  the  distal  part  the  wall  of  the 
irtery  is  obscure,  apparently  from  necrosis,  and  the  vessel  is  buried  in 
m  enormous  aggregation  of  inflammation  cells.    The  micrococci  are 
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frequent  in  the  capillaries  and  Malpighian  vessels,  but  not  generally 
with  obvious  inflammation ;  apparently  they  are  in  that  case  of  recent 
development,  possibly  to  some  extent  post-mortem,  and  their  products 
have  not  had  time  to  produce  inflammation. 

We  have  seen  that  the  micrococci  present,  locally,  an  intensely  irritat- 
ing action,  and  that  necrosis  of  the  tissue  attacked  is  a  common  result. 
It  is  probable  that  they  also  produce  changes  in  the  constitution  of  the 
blood.  Patients  affected  with  this  disease  frequently  present,  like  those 
in  pysemia,  a  yellow  colour  of  the  skin  approaching  to  that  of  jaundice. 
The  probable  explanation  of  this  is,  that  the  blood-corjDuscles  undergo 
solution,  and  the  colouring  matter  stains  the  skin.  Besides  that,  we 
often  have  little  ecchymoses  of  the  skin,  and  small  Hsemorrhages  in  the 
pia  mater,  and  even  in  the  brain  substance.  These  have  been  found 
associated  with  the  presence  of  colonies  of  micrococci  in  the  capillaries, 
and  are  to  be  ascribed  to  the  action  of  these  in  weakening  the  wall,  and 
allowing  escape  of  blood. 

3.  Pericarditis. — The  pericardium  is  comparable  in  its  anatomical 
and  pathological  relations  to  the  serous  sacs,  and,  to  a  certain  extent, 
to  the  synovial.  The  pleura,  peritoneum,  and  pericardium  are  to  be 
regarded,  as  we  previously  found  in  studying  oedema  and  dropsy,  as 
large  lymphatic  sjDaces.  These  sacs  are  composed  of  connective  tissue, 
and  lined  with  a  single  layer  of  flat  endothelium.  By  means  of  numer- 
ous stomata  they  are  in  communication  with  the  lymphatic  vessels, 
and  to  some  extent,  with  one  another.  The  pericardium  is  in  less 
direct  communication  with  the  pleura  and  peritoneum  than  these  are 
with  each  other,  but  by  circuitous  routes  there  is  some  communicatioii, 
especially  with  the  pleura.  It  is  to  be  remembered  also  that  through 
each  serous  cavity  there  is  a  certain  circulation  of  serous  fluid.  This 
fluid  does  not  accumulate  in  the  sac,  because  it  is  carried  off  as  quicldy 
as  it  is  transuded  from  the  vessels,  but  if  the  transudation  increases 
greatly  there  may  be  an  accumulation  and  consequent  dropsy. 

(a)  Acute  pericarditis. — In  considering  the  Causes  of  this  disease  it 
is  of  some  consequence  to  note  that  the  inflammation  usually  affects  the 
whole  surface  at  once.  This  seems  to  indicate  that  an  irritant  has  found 
admission  to  the  pericardial  sac,  and  by  the  motions  of  the  heart  and 
the  natural  currents  of  the  fluid  in  the  sac,  has  been  carried  hither  and 
thither  throughout  it.  There  are  many  cases  in  which  the  tubercular 
virus  is  the  irritant ;  we  find  tubercles  mixed  up  with  the  inflammatory 
products.  (See  afterwards  under  Tubercular  Pericarditis.)  The  majority 
of  cases  of  simple  pericarditis  are  associated  with  acute  rheumatism. 
There  are  some  cases  in  which  the  disease  appears  to  be  of  si^ontaneous 
origin  ;  it  is  ascribed  to  cold. 
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In  regard  to  the  Phenomena  which  manifest  themselves  at  the  onset 
of  an  acute  pericarditis,  we  may  presume  that  the  irritant  induces  the 
changes  in  the  vessels  which  have  been  described  in  treating  of  inflam- 
mation in  general,  but  opportunities  are  wanting  for  observing  the 
consequent  redness,  as  patients  survive  this  early  stage.  Exudation 
from  the  vessels  soon  follows,  and  serous  fluid  begins  to  accumulate  in 
the  sac.  As  the  inflammation  aflects  the  surface  of  the  sac,  the  endo- 
thelial lining  is  very  directly  involved.  The  flat  endothelial  cells  are  to 
a  considerable  extent  shed,  being  apparently  killed  by  the  irritant,  but 
they  may  also  be  found  showing  signs  of  germination.  The  exudation 
consists  primarily  of  exuded  liquor  sanguinis  with  contractile  cells,  but 
soon  Fibrine  is  deposited  on  the  inflamed  surface.  The  detachment  of 
the  endothelium  seems  to  be  the  circumstance  which  determines  the 
coagulation,  on  principles  already  explained.  The  deposition  of  fibrine 
occurs  on  both  visceral  and  parietal  layers  of  the  sac,  but  it  is  usually 
thickest  on  the  visceral  surface,  where  it  may  present  shaggy  masses  on 
the  surface  of  the  heart.  It  is  whitish  in  colour,  and  of  soft,  almost 
gelatinous  consistence.  The  fibrinous  layers  on  the  opposed  surfaces  of 
the  pericardium  are  usually  separated  by  serous  fluid  which  occupies  the 
sac,  but  an  appearance  is  often  presented  which  suggests  the  application 
and  -vvithdrawal  of  the  layers  while  still  in  a  soft  plastic  condition. 
This  appearance  is  variously  described  as  the  Honeycomb  or  Pine-apple 
condition,  and  it  has  been  aptly  compared  to  that  presented  when  two 
pieces  of  bread,  thickly  buttered,  are  stuck  iQosely  together  and  then 
separated.  This  honeycomb  appearance,  it  will  be  understood,  is  most 
markedly  present  on  those  parts  of  the  pericardium  where  the  heart  in 
its  movement  comes  most  frequently  against  the  parietes. 

The  exuded  fibrine  has  the  usual  characters,  as  seen  under  the  micro- 
scope, forming  a  fine  reticulum,  in  whose  meshes  are  leucocytes,  and 
sometimes  red  corpuscles. 

If  the  inflammation  has  been  slight  and  transient,  there  may  be  little 
beyond  a  small  serous  and  fibrinous  exudation,  which  is  gradually 
absorbed.  But  as  a  general  rule  further  changes  develop,  and  these 
are  mainly  in  the  connective  tissue  of  the  pericardial  sac.  This  shows 
evidence  of  inflammation  by  the  presence  of  innumerable  cells,  so  that 
by  degrees  it  is  converted  into  Granulation  tissue.  This  inflammatory 
transformation,  according  to  the  intensity  of  the  irritation,  penetrates 
deeply,  extending  frequently  to  the  interstitial  connective  tissiie  in  the 
muscular  sul)stance  of  the  heart.  A  layer  of  vascular  granulations  thus 
forms  beneath  the  fibrinous  exudation.  The  layer  of  granulations  has 
the  general  tendencies  as  well  as  the  structure  of  granulation  tissue  else- 
where, it  tends  to  develop  into  connective  tissue  as  soon  as  the  inflam- 
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matory  irritation  becomes  sufficiently  mild.  With  the  subsidence  of  the 
inflammation  there  will  be  a  reduction  of  the  serous  exudation.  The 
fibrine  is  also  disposed  of,  partly  undergoing  fatty  degeneration  and  so 
becoming  absorbed,  and  partly  eaten  into  from  beneath  by  the  granula- 
tion tissue.  The  result  of  this  is  that  the  granulations  are,  as  it  were, 
laid  bare,  and  a  vascular  layer  occupies  the  place  of  the  former  fibrinous 
deposit. 

With  the  absorption  of  the  exudation  the  two  layers  of  the  pericar- 
dium come  in  contact,  and  a  coalescence  of  the  granulating  surfaces, 
more  or  less  complete,  occurs.  The  vessels  intercommunicate,  and  the 
two  layers,  so  far  as  they  are  in  contact,  become  virtually  one.  As  the 
granulation  tissue  passes  on  in  its  development  into  connective  tissue, 
the  pericardial  sac  undergoes  partial  or  complete  obliteration,  the 
uniting  agent  being  vascular  connective  tissue,  and  so  we  have  the 
condition  of  Adherent  pericardium.  The  connection  will  at  first  be 
delicate,  and  may  be  torn  through,  but  as  time  goes  on  it  gets  firmer, 
and  a  condition  results  in  which  the  two  layers  are  absolutely  insepai'- 
able.  Under  certain  circumstances  the  coalescence  of  the  two  layers  is 
not  comjDlete,  and  there  is  only  a  partial  adhesion;  in  that  case  the 
adhesions  are  sometimes  greatly  stretched  by  the  movements  of  the 
heart  so  that  tags  or  ligaments  may  unite  the  surface  of  the  heart  to  the 
perietal  layer. 

In  some  intense  and  prolonged  cases  of  acute  pericarditis.  Suppuration 
occurs,  and  the  serous  exudation  in  the  pericardium  gives  place  to  pus. 
This,  however,  is  a  rare  occurrence.  On  the  subsidence  of  the  inflam- 
mation the  pus  dries  in  by  the  absorption  of  its  fluid,  and  its  debris 
remains  as  dead  matter.  In  this  way  caseous  material  is  produced, 
which  subsequently  gets  infiltrated  with  lime  salts  ;  this  may  ulti- 
mately become  consolidated  so  as  to  form  calcareous  plates  in  the  midst 
of  thick  adhesions. 

Septic  inflammations,  such  as  those  which  occur  in  pyaemia  when  an 
abscess  in  the  substance  of  the  heart  extends  to  the  surface  and  bursts 
into  the  pericardium  or  gives  ofi"  septic  microbes,  or  in  the  rarer  case  of 
perforation  of  an  ulcer  of  the  stomach  or  oesophagus  into  the  pericardium, 
are  purulent  from  the  outset. 

Adherent  pericardium  frequently  leads  to  Hypertrophy  and  Dilata- 
tion of  the  heart.  It  does  so  both  directly  hy  interfering  with  the 
muscular  tissue,  and  indirectly  by  requiring  the  heart  to  use  increased 
exertion  in  performing  its  task. 

It  is  to  be  remembered  thiat  adhesion  of  the  pericardium  takes  origin  in  inflam- 
mation, and  from  this  circumstance  it  results  that  in  several  ways  the  action  of  the 
heart  is  interfered  with.    During  the  acute  stage  of  the  inflammation  there  is  fluid 
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in  the  sac  of  the  pericardium,  and  by  the  mere  mechanical  pressure  of  this  fluid  the 
cardiac  contractions  are  interfered  with,  and  if  the  effusion  continue  long  enough 
there  may  be  hypertrophy  to  overcome  the  obstacle.  But  again,  the  inflammation 
extends  a  certain  distance  into  the  muscular  wall  of  the  heart  beneath  the  pericar- 
dium. A  certain  portion  of  muscle  is  thus  interfered  with  in  its  action  and  more 
vigorous  contraction  is  required  of  the  rest.  There  may  even  be  considerable  thick- 
ening of  the  pericardium  by  development  of  connective  tissue,  and  this  extending 
some  distance  in  the  connective  tissue  between  the  muscular  fibres  may  seriously 
compromise  them.  But  further,  when  adhesion  is  complete,  the  heart  in  contracting 
must  drag  in  with  it  the  parietal  as  well  as  the  visceral  pericardium.  In  the  normal 
state  the  two  surfaces  of  the  pericardium  slide  on  one  another,  and  the  parietal  layer 
accommodates  itself  to  the  movements  of  the  heart.  If  there  is  adhesion,  however, 
unless  the  adhesion  be  very  loose,  there  can  be  no  such  sliding,  and  there  must  be 
some  loss  of  force  in  dragging  the  parietal  layer  inwards.  But  the  parietal  layer  is 
normally  attached  to  surrounding  parts,  and  the  attachment  may  be  rendered  closer 
by  the  inflammation.  The  heart  will  drag  on  these  parts  in  contracting,  and  this 
will  add  to  its  work.  It  is  well  known  that  dragging  in  of  the  intercostal  spaces  is  a 
common  sign  of  adherent  pericardium.  As  these  causes  vary  to  a  considerable 
extent,  the  amount  of  hypertrophy  varies  in  proportion.  As  the  causes  also  act 
nearly  uniformly  on  the  heart,  the  hypertrophy  is  general,  that  is,  it  usually  affects 
aU  the  cavities  of  the  heart.  Such  a  hypertrophy  may  almost  completely  compen- 
sate, so  that  a  person  with  adherent  pericardium  and  a  very  large  heart  may  have 
no  cardiac  symptoms. 

(b)  Chronic  pericarditis. — As  observed  above,  acute  pericarditis  often 
becomes  chronic,  and,  in  that  case,  usually  results  in  adhesion  of  the 
pericardium.  A  more  direct  chronic  inflammation  results  in  the  condi- 
tion designated  White  spots,  Milk  spots,  or  Soldier's  spots,  which 
are  very  common  pathological  conditions.  They  occur  in  about  half  the 
cases  examined  post  mortem,  and  their  frequency  seems  nearly  in  direct 
proportion  to  age.  They  are  in  the  form  of  well-defined,  whitish,  opaque 
areas  on  the  surface  of  the  heart,  of  very  various  size,  sometimes  very 
small,  at  other  times  so  large  as  almost  to  cover  the  anterior  sur- 
face. Their  edges  are  usually  abrupt  and  well  defined,  but  they  may 
merge  gradually  in  the  pericardium.  They  have  often  a  brilliant  white 
tendinous  appearance,  but  may  be  more  dull.  They  are  most  frequently 
situated  on  the  anterior  surface  of  the  right  ventricle,  and  next  on  that 
of  the  left  ventricle,  especially  near  the  apex.  They  are  also  met  with 
on  the  posterior  surface,  especially  near  the  base  of  the  heart,  and  on  the 
intrapericardial  portions  of  the  great  vessels.  They  are  more  uncom- 
mon on  the  parietal  layer  of  the  sac. 

These  spots  actually  consist  in  a  thickening  of  the  pericardium,  pre- 
senting merely  dense  connective  tissue  covered  with  endothelium  (see 
Fig.  161). 

We  have  here  a  circumscribed  inflammation  afi'ecting  by  preference 
certain  districts,  and  the  cause  must  be  a  local  one.    It  seems  to  b6  due 
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to  the  irritation  resulting  from  the  projection  of  the  heart  against  its 
surroundings.  The  commonest  seat  is  where  the  anterior  surface  of  the 
right  ventricle  comes  against  the  sternum  at  the  place  where  the  edges 
of  the  lungs  turn  aside  and  expose  the  pericardium.  The  sternum  is 
less  yielding  than  most  surrounding  parts,  and  so  the  irritation  is  greater 
here.  The  spot  where  the  left  ventricle  near  the  apex  strikes  against 
the  fifth  rib,  is  the  next  most  frequent  site. 


Fig.  101. — Soldier's  spot  on  pericardium,  b,  muscular  wall  of  heart;  a,  pericardium, 
thicl^ening  at  c  so  as  to  form  spot,    x  25. 


(c)  Tubercular  pericarditis  has  commonly  a  sub-acute  or  chronic 
course.  The  infection  is  sometimes  derived  from  the  pleura,  the  virus 
reaching  the  pericardium  by  the  connections  between  the  sacs.  It  may 
reach  the  pericardium,  however,  according  to  Weigert,  by  the  lymphatic 
glands  of  the  mediastinum.  These,  having  become  affected  as  a  result 
of  tuberculosis  in  the  parts  from  which  their  vessels  are  derived,  and 
having  acquired  adhesions  to  the  parietal  layer  of  the  pericardium,  may 
impart  the  disease  to  the  latter. 

Occasionally  we  meet  with  an  acute  fibrinous  pericarditis  in  which, 
when  we  remove  the  fibrine,  numerous  small  white  fresh  tubercles  are 
to  be  seen  on  the  pericardium.  More  frequently,  however,  the  two 
layers  of  the  pericardium  are  firmly  united  by  connective  tissue,  and  it 
is  impossible  to  separate  them.  In  the  midst  of  the  thickened  layers  are 
to  be  seen  yellow  caseous  masses,  sometimes  of  considerable  size.  These 
represent  old  tubercles,  and  the  whole  process  is  a  more  or  less  chronic 
one,  even  from  the  outset. 

In  the  thick  adherent  pericardium  it  is  usually  possible  to  distingiush 
two  layers  of  tubercles,  one  belonging  to  the  visceral,  and  one  to  the 
parietal  layer  of  the  pericardium. 

Under  the  microscope  there  ^vi\\  be  found  large  masses  having  the 
indefinite  characters  of  caseous  necrosis  with  occasional  fresh  tubercles, 
in  the  midst  of  tissue  which  presents  in  some  parts  evidences  of  recent 
inflammation  and  iii  others  merely  dense  connective  tissue. 
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VII.— VALVULAR  DISEASE  OF  THE  HEART. 

In  studying  endocarditis,  we  have  seen  that  the  valves  are  frequently 
altered  in  their  structure ;  we  have  now  to  consider  these  altei'ations 
more  specifically,  and  their  effects  on  the  heart  and  circulation.  It  is 
not  usual  to  designate  anything  as  valvular  disease  unless  it  interferes 
with  the  function  of  a  valve  or  orifice.  The  function  of  a  valve  is  to 
close  an  orifice  under  certain  circumstances,  and  we  speak  of  valvular 
disease  when  the  alterations  are  such  as  either  to  obstruct  the  orifice  or 
to  interfere  with  its  closure  by  the  valve.  Hence  valvular  lesions  may 
be  divided  into  two  kinds,  namely,  narrowing  or  stenosis  of  the  orifice, 
and  insuflBciency  of  the  valve.  In  referring  to  these  same  lesions,  as 
they  affect  the  current  of  blood  in  the  heart,  we  speak  of  obstruction 
of  an  orifice  and  of  regurgitation  through  the  orifice.  Of  course  it 
would  be  a  very  incorrect  use  of  language  to  speak  of  obstruction  of  a 
valve,  or  insufficiency  of  an  orifice. 

Valvular  disease  occurs  much  more  frequently  in  the  valves  of  the 
left  side  than  in  those  of  the  right,  and  hence  we  have  chiefly  to  do  with 
the  mitral  and  aortic  valves.  We  have  already  seen  that  in  the  foetus 
it  is  the  valves  of  the  right  side  which  are  most  frequently  affected,  and 
we  have  connected  this  with  the  fact  that  these  valves  are  more  liable 
to  variations  of  pressure  in  the  foetus  than  in  the  adult. 

1.  Insufficiency  or  Incompetency  of  the  mitral  valve. — This  is  a  condition  in  whicli, 
during  the  systole  of  the  heart,  some  portion  of  the  blood  passes  back  into  the  left 
auricle  instead  of  the  whole  being  forced  into  the  aorta. 

The  actual  physical  conditions  are  somewhat  various,  but  most  of  them  are  related 
to  chronic  endocarditis.  The  commonest  is  that  in  which  the  valvular  structures 
are  thickened  by  the  new -formed  connective  tissue  and  retracted  and  shortened  from 
its  contraction.  This  applies  to  the  curtains  themselves,  but  still  more  to  the 
chordre  tendinete,  which  become  thickened  and  shortened,  and  frequently  grow  to- 
gether, so  that  they  hold  the  curtains  rigidly  drawn  down  and  do  not  allow  them  to 
go  together  during  the  systole  of  the  ventricle  (see  Fig.  158,  p.  387).  Again,  much 
more  rarely,  in  acute  endocarditis,  the  valve  may  be  perforated,  as  in  the  case  of 
valvular  aneui^sm,  or  the  chordie  tendineffi  torn  so  as  to  allow  a  portion  of  the  valve 
to  flap  upwards  through  the  orifice.  Lastly,  without  much  alteration  of  the  curtains, 
there  may  be  a  relative  inmfficienaj  of  the  valve.  That  is  to  say,  the  cavity  of  the 
ventricle  sometimes  enlarges  greatly,  and  produces  enlargement  of  the  orifice,  which 
the  valve  is  no  longer  able  to  cover.  There  are  some  cases  of  permanent  hypertroiJhy 
and  dilatation  of  the  left  ventricle  (as  from  overstrain)  where  this  occurs,  but  it  may 
be  met  with  where  the  dilatation  is  temporary,  as  in  the  flabby  fatty  heart  of  typhus 
fever  and  ansemia.  It  is  not  to  be  supposed  that  the  so-called  anremic  murmurs  are 
usually  due  to  this  cause,  but  there  is  in  some  cases  an  actual  mitral  regurgitation. 
When  recovery  occurs,  and  the  heart  resumes  its  former  vigour,  the  valve  will  again 
cover  the  orifice. 
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The  results  which  follow  constant  insufficiency  of  the  mitral  valve  are  frequently 
very  serious  and  far-reaching.  At  each  ventricular  systole  blood  regurgitates  into 
the  left  auricle,  and  the  most  direct  result  is  over-distension  of  this  auricle  occurring 
at  successive  intervals.  The  wall  of  the  auricle  is  weak,  and  does  not  offer  much 
resistance  to  the  distensile  force.  There  is  another  result  which  often  follows,  ap- 
parently from  the  unduly  forcible  impact  of  the  blood  against  the  endocardium,  and 
the  over-stretching  of  this  membrane,  namely  a  thickening  of  the  endocardium. 
We  may  find  it  generally  thickened  and  opaque,  or  there  may  be  patches  of  opacity. 

.But  the  results  do  not  confine  themselves  to  the  auricle— the  abnormal  blood- 
pressure  is  reflected  to  the  Pulmonary  veins  which  feed  the  auricle,  and  they  become 
distended.  The  distension  is  further  reflected  to  the  pulmonary  capillaries  and 
arteries,  and  finally  to  the  right  ventricle.  The  right  ventricle  is  over-distended, 
and,  as  a  consequence,  Hypertrophy  of  the  right  ventricle  is  a  common  result  of 
mitral  insufficiency.  The  obstruction  to  the  circulation  may  extend  to  the  venaB 
cavte,  the  right  ventricle  and  auricle  being  over-dilated.  In  this  way  General  venous 
engorgement  comes  about  with  all  the  consequences  which  will  be  described  in  the 
next  section  in  dealing  with  mitral  stenosis. 

The  amount  of  blood  which  the  left  ventricle  sends  into  the  aorta  will  be  dimin- 
ished in  proportion  to  that  which  passes  back  into  the  auricle.  In  consequence,  the 
systemic  circulation  will  be  partially  starved.  In  some  cases  the  left  ventricle 
undergoes  hypertrophy.  This  is  mainly  due  to  the  fact  that  at  each  diastole  it  wiU 
receive  an  excess  of  blood,  namely,  that  which  would  normally  arrive  trom  the 
auricle  along  with  that  which  regurgitated  from  the  ventricle.  The  ventricle  having 
thus  to  deal  with  an  increased  mass  of  blood  will  undergo  dilatation  and  hyper- 
trophy. 

2.  Obstruction  of  the  mitral  orifice.  Mitral  stenosis. — This  name  is  applied  to  the 
condition  in  which  the  mitral  orifice  is  not  large  enough  to  allow  of  the  usual 

quantity  of  blood  passing  from  the  auricle  to 
the  ventricle.  The  normal  width  of  the  niitral 
orifice  may  be  roughly  estimated  with  the 
fingers  ;  in  the  adult  it  should  allow  the  index 
and  middle  fingers  to  pass  freely  through  as 
far  as  the  first  joint.  The  contraction  may  be 
very  slight  or  it  may  be  to  such  an  extent  that 
hardly  a  crow-quill  can  be  admitted  into  the 
orifice.  In  the  case  of  stenosis  of  the  mitral 
as  well  as  in  that  of  the  aortic  orifice,  the  ob- 
struction is  usually  caused  by  the  curtains  of 
the  valves  becoming  thickened  and  rigid,  but 
especially  by  their  coalescence.  The  thickened 
curtains  grow  together  by  their  edges,  and  so 
the  valve  is  converted  into  a  funnel  with  its 
apex  turned  dovm  into  the  ventricle — the  so- 
called  Funnel-shaped  deformity.  The  normal 
orifice  is  at  the  base  of  the  curtains,  but  when 
the  curtains  coalesce,  the  orifice  while  becom- 
ing contracted  is  moved  downwards,  and  comes 
to  have  its  site  at  the  apex  of  the  funnel. 
This  will  be  understood  from  the  accompanying  diagram  (Fig.  162),  in  which  black 
lines  represent  the  orifice  and  curtains  in  their  normal  condition  during  the  diastole 


Fig.  162. — Diagram  of  funnel-sliaped  de- 
formity of  mitral  valve.  The  dotted  liues 
indicate  tlio  coalesced  curtains  forming  a 
funnel  projecting  into  the  ventricle  with  a 
reduced  aperture  at  the  .apox. 
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of  the  ventricle,  the  curtains  lying  back  against  the  wall  of  the  ventricle,  and  the 
orifice  at  their  base.  The  dotted  lines  represent  the  coalesced  funnel-shaped  valve ; 
the  contraction  of  the  orifice  and  its  removal  downwards  being  shown.  The  chordte 
tendineas  are  commonly  thickened  and  often  partly  incorporated  in  the  funnel  (see 
Fig.  158,  p.  387).  On  laying  open  the  ventricle  this  thick,  rigid,  funnel-shaped 
deformity  is  often  strikingly  prominent.  These  conditions  result  from  chronic 
endocarditis,  and  it  will  be  readily  understood  that  the  rigid  valve  is  frequently  in- 
competent, so  that  this  condition  is  often  combined  with  the  one  before.  There  are 
also  not  infrequently  changes  in  the  aortic  valve. 

Obstruction  is  occasionally  produced  by  thrombi  growing  on  the  valve,  or  having 
their  seat  in  the  auricle  and  projecting  into  the  orifice.  This  is  a  rare  cause  of 
obstruction,  and  a  still  rarer  is  the  presence  of  tumours  growing  in  such  a  way  as  to 
obstruct  the  orifice. 

It  might  be  supposed  that  the  vegetations  occurring  in  acute  endocarditis  would 
obstruct  the  orifice,  but  although  these  rough  projections  undoubtedly  interrupt  the 
even  flow  of  blood,  and  may  produce  during  life  what  is  technically  a  murmur  of 
mitral  obstruction,  yet  their  actual  influence  on  the  function  of  the  orifice  must  be 
very  slight,  and  we  are  not  to  look  for  any  definite  evidences  of  their  influence  on 
the  circulation. 

We  have  now  to  consider  the  results  to  the  circulation  of  mitral  obstruction.  The 
most  direct  eSect  will  be  dilatation  of  the  left  auricle,  as  the  blood  is,  to  a  certain 
extent,  hindered  in  its  passage  into  the  ventricle.  As  a  consequence,  the  whole 
pulmonary  vessels  wiU  be  loaded  and  the  right  ventricle  distended  with  the  accumu- 
lated blood.  On  the  principles  already  laid  down  there  will  be  increased  action  and 
consequent  Hypertrophy  of  the  right  ventricle,  and  this  is  commonly  more  extreme 
than  in  mitral  insufSeiency.  The  contraction  of  the  orifice  interferes  with  the 
passage  of  blood  into  the  left  ventricle,  which,  in  extreme  cases,  is,  as  it  were, 
starved  of  blood.  The  increased  force  of  the  right  ventricle  may  in  great  jmrt 
make  up  for  this  deficiency,  and  sometimes  there  is  also  aortic  insufficiency,  so  that 
the  ventricle  is  fed  from  the  aorta  as  well.  According  to  these  various  circum- 
stances will  be  the  state  of  the  left  ventricle.  It  may  be  actually  atrophied  and 
appear  as  a  small  appendage  to  the  enlarged  right  ventricle,  or  it  may  be  normal  in 
size  or  even  hypertrophied.  In  any  case  the  hypertrophy  of  the  right  ventricle  is  the 
predominating  condition.  The  shape  of  the  heart  is  more  quadrilateral,  the  ajiex  is 
blunt  and  formed  by  the  right  ventricle.  During  life  instead  of  the  defined  apex 
beat  of  the  left  ventricle,  there  is  the  more  diffused  heaving  of  the  right. 

As  a  further  consequence,  we  have  a  permanent  Passive  hypersemia  of  the  pulmonary 
circulation,  with  consequent  brown  induration  of  the  lungs.  There  will  also  be  a 
tendency  to  slight  hfemorrhages,  showing  itself  in  the  sputa.  Oedema  of  the  lungs 
readily  develops.  The  dilatation  of  the  right  ventricle,  when  followed  by  thrombosis, 
also  frequently  leads  to  embolism  of  the  pulmonary  artery  and  the  ha3morrhagic  in- 
farction. The  hyperfemia  is  reflected  to  the  systemic  venous  circulation,  especially  if 
the  dilatation  of  the  right  ventricle  lead  to  relative  insufficiency  of  the  tricuspid 
valve,  and  we  find  evidences  of  passive  hyperfemia  of  the  liver  (nutmeg  liver), 
kidneys  and  other  organs.  Not  infrequently  serious  oedema  of  the  skin  and  dropsy 
of  the  serous  cavities  develop.  Thrombosis  in  the  veins  of  the  legs  often  com- 
plicates the  condition,  and  this  again  may  be  a  source  of  pulmonary  embolism. 

3.  Insufficiency  of  the  aortic  valve. — This  is  the  condition  in  which,  after  the  com- 
pletion of  the  ventricular  systole,  a  portion  of  the  blood  regurgitates  into  the  left 
ventricle  through  the  imperfectly  closed  semilunar  valve.    It  is  usually  brought 
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about  by  chronic  endocarditis.    The  individual  semilunar  folds  are  thickened  and 

shortened,  the  actual  length  of 

free    margin    being  reduced. 

The  consequence  is  that,  during 

the  closure  of  the  valve,  the 

edges  have  not  sufficient  length 

to  meet  perfectly  and  so  a 

triangular    aperture    is  left. 

This    is    illustrated  diagram- 

matically  in  the  accompanying 

Fig.  ICS.— Diagram  of  aortic  insufficiency,  a,  the  nor-  figure.  The  Contraction  may 
mal  valve  closed  as  seen  from  above ;  b,  the  valve  with  );gaeh  such  an  extent  as  to 
curtains  shortened  and  leaving  a  triangular  space, 

leave  only  a  nodulation  on  the 
wall  of  the  aorta  in  place  of  the  curtains.  These  changes  are  very  commonly  accom- 
panied by  adhesion  of  the  adjacent  folds  of  the  curtains,  and  this  necessaiily  causes 
contraction  of  the  orifice ;  indeed,  the  curtains  as  such  may  disappear,  leaving  only 
a  diaphragm  with  a  permanent  aperture  in  its  middle,  the  condition  being  similar 
to  that  illustrated  in  Figure  142,  p.  364.  An  unusual  cause  of  aortic  insufficiency 
is  Perforation  of  the  valve  as  a  result  of  acute  endocarditis  or  the  bursting  of  a 
valvular  aneurysm.  Of  course  the  perforation  of  the  cui-tains  beyond  the  line  of 
contact  already  referred  to  is  not  to  be  mistaken  for  a  pathological  perforation.  A 
rare  cause  of  aortic  insufficiency  is  the  Tearing  of  one  of  the  curtains.  During  severe 
exertion  the  blood-pressure  in  the  aorta  may  be  so  much  raised  as  to  ruptm-e  a 
curtain,  and  such  a  wound  will  hardly  unite  as  it  will  be  torn  asunder  at 
each  closure. 

It  may  be  added  here  that  aortic  disease  is  often  accompanied  by  mitral  disease, 
chronic  endocarditis,  having  its  origin  in  rheumatism,  attacking  both.  Chronic 
endocarditis  of  the  aortic  valve  again  is  often  connected,  as  we  have  seen,  with 
endarteritis  or  atheroma  of  the  aorta,  and  in  that  case  it  is  not  so  likely  to  be 
associated  with  mitral  disease.  . 

It  may  be  interesting  here  to  observe  that  the  origin  of  the  endocarditis  has 
an  important  bearing  on  the  Age  at  which  these  valvular  lesions  occur.  Acute 
rheumatism  is  a  disease  of  youth  and  manhood,  and  most  cases  of  valvular  disease 
take  origin  in  it.  Accordingly,  diseases  of  the  valves  are  most  common,  at  least  in 
their  inception,  between  the  ages  of  ten  and  thirty.  But  there  are  some  cases  of 
aortic  disease  which,  as  we  have  seen,  stand  in  a  different  category.  Chronic 
endarteritis  or  atheroma  is  a  disease  mostly  of  advanced  Ufe,  and  so  it  is  more  com- 
mon in  old  persons  to  meet  with  aortic  disease  than  with  mitral^ 

"We  have  now  to  consider  the  Effects  of  this  insufficiency  of  the  aortic  valve  on  the 
circulation.  As  the  semilunar  valve  does  not  close  completely,  the  aorta  in  its 
recoil  after  the  ventricular  systole  will  force  blood  back  into  the  ventricle  as  well  as 
forward  into  the  systemic  arteries.  This  extra  mass  of  blood  driven  with  consider- 
able force  into  the  left  ventricle  will  overfill  it  and  forcibly  distend  it,  while  the 
systemic  circulation  will  be  proportionately  starved.  The  natural  result  is  Dilatation 
and  hypertrophy  of  the  left  ventricle,  which  may  almost  completely  comi^ensate.  In 
this  disease,  therefore,  the  primary  and  prominent  fact  is  the  enlargement  of  the  left 
ventricle.  As  the  ventricle  propels  a  much  larger  amount  of  blood  into  the  aorta, 
and  with  abnormal  force,  there  is  sometimes  a  resulting  Dilatation  of  the  arch  and 
great  vessels.    In  this  way  there  may  even  be  an  actual  aneurysm  of  the  arch. 

It  is  to  be  added,  that  as  hyiDertrophy  of  the  left  ventricle  is  associated  with 
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dilatation  of  that  cavity,  there  is  frequently  a  consequent  widening  of  the  mitral 
orifice.  As  a  result  of  this,  we  may  have  a  relative  incompetency  of  the  mitral 
valve,  which  is  incapable  of  completely  covering  the  dilated  orifice.  In  this  way 
the  consequences  already  considered  of  Mitral  insufficiency  may  be  brought  about ; 
but  they  are  usually  much  less  pronounced  than  in  the  primary  form  of  this  lesion, 
and  of  late  occurrence.  It  is  to  be  remembered,  also,  that  mitral  disease  often 
co-exists  with  aortic. 

4.  Obstruction  of  the  aortic  orifice.  Aortic  stenosis. — In  this  lesion  the  passage  of 
blood  from  the  left  ventricle  into  the  aorta  is  interfered  with.  It  is,  in  the  great 
majority  of  cases,  caused  by  chronic  endocarditis.  The  conditions  already  described 
as  leading  to  insufficiency  of  the  valve  mostly  produce  also  obstruction  of  the  orifice, 
by  causing  rigidity  of  the  curtains,  and  this  is  all  the  more  marked  when  calcareous 
infiltration  ensues.  Where  the  valve  is,  in  the  way  already  mentioned,  converted 
into  a  rigid  diaphragm,  then  there  must  be  great  obstruction  of  the  orifice  as  well  as 
insufficiency  of  the  valve.  These  two  forms  of  lesion  are,  therefore,  usually  found 
associated.  In  acute  endocarditis  the  roughening  of  the  curtains  may  to  some 
extent  obstruct  the  flow  of  blood,  but  the  interference  is  trivial,  and  will  hardly  lead 
to  any  of  the  secondary  results  of  aortic  stenosis. 

The  obstruction  at  the  orifice  prevents  the  blood  getting  away  fully  during  the 
systole  of  the  ventricle,  and  there  comes  to  be  an  overfilling  of  the  ventricle. 
The  ventricle,  as  in  the  previous  case,  is  stimulated  to  increased  exertion, 
and  so  here  also  the  primary  phenomenon  is  Hypertrophy  of  the  left  ventricle. 
This  may  completely  compensate  for  the  obstruction,  and  persons  may  go 
about  comparatively  well  with  an  obstructed  orifice  and  enlarged  left  ventricle. 
But  this  is  not  so  likely  as  in  the  previous  case,  and  any  extra  need  for  exertion  on 
the  part  of  the  heart,  or  weakness  of  its  muscle,  may  lead  to  incomplete  compen- 
sation. In  such  a  case  the  ventricle  will  get  abnormally  dilated,  and  the  auricle 
\vill  not  be  able  to  empty  itself  fully  into  the  dilated  ventricle.  The  Pulmonary 
circulation  will  become  engorged  and  the  Right  ventricle  overloaded,  and  so  we  may 
have  all  the  evil  consequences  of  mitral  disease.  It  will  be  observed,  however,  that, 
as  the  left  ventricle  is  much  more  capable  of  undertaking  additional  work  than  the 
right,  it  succeeds  much  more  frequently  in  bringing  about  a  complete  compensation. 
The  hypertrophied  left  ventricle  having  to  dispose  of  an  increased  mass  of  blood, 
generally  does  so  slowly,  and  the  pulse  is  consequently  slow  and  regular. 

It  will  have  become  apparent  that  in  many  cases  aortic  disease  is  associated  with 
mitral,  and  that  there  is  frequently  combination  and  complication  of  the  resulting 
changes  in  the  heart  and  circulation. 

5.  Valvular  disease  of  the  right  heart. — We  have  already  seen  that,  except  in  the 
fcetus,  this  form  of  disease  is  uncommon  as  a  primary  lesion.  In  cases  of  acute 
or  chronic  endocarditis  with  well  marked  lesions  on  the  left  side,  however,  there 
are  very  often  distinct  indications  of  inflammation  in  the  valves  of  the  right  heart. 

Relative  insufficiency  of  the  tricuspid  valve,  although  secondary,  is  often  of  con- 
siderable consequence  on  account  of  the  effects  to  which  it  leads.  We  have  seen 
that  in  mitral  disease  the  right  ventricle  usually  dilates  and  hy^Dertrophies,  and 
with  this  change  in  the  ventricle  the  orifice  widens.  The  valve  may  thus  be  unable 
to  cover  the  enlarged  orifice,  and  become  insufficient.  In  other  forms  of  dilatation 
and  hypertrophy  of  the  right  ventricle,  as  in  that  due  to  obstruction  to  the  pul- 
monary circulation,  the  same  thing  may  occur.  The  tricuspid  orifice  normally  admits 
readily  three  fingers  up  to  the  first  joints,  and  when  enlarged  it  is  not  uncommon  to 
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meet  with  cases  in  which  it  admits  four,  five,  six,  or  even  seven  fingers.  If  the 
valve  IS  thus  incompetent  to  close  the  enlarged  orifice  the  blood  will,  during  the 
systole  of  the  ventricle,  regurgitate  into  the  auricle.  The  wave  wll  be  propagated 
mto  the  veins  of  the  neck,  and  there  will  probably  be  an  aggravation  of  existing 
congestion  of  the  systemic  veins. 

It  need  only  be  added  that  if  chronic  endocarditis  attacks  the  tricuspid  or  pul- 
monary valves,  it  may  produce  results  similar  to  those  effected  in  the  mitral  and  aortic. 
The  tissue  here,  however,  is  less  substantial  to  begin  with,  and  the  inflammation  is 
usuaUy  much  less  intense,  and  so  the  changes  are  rarely  of  any  great  consequence. 

Vn.— INFECTIVE  TUMOUES,  TUMOUES  PEOPEE,  AND  PAEASITES 

OE  THE  HEAET. 

Miliary  tubercles  are  sometimes  met  with,  occupying  the  endocardium, 
or  the  pericardium,  or  even  the  muscular  substance,  in  cases  of  acute 
general  tuberculosis.  Syphilitic  gummata  are  occasionally  met  Avith  in 
the  muscular  substance,  and  they  are  accompanied  by  interstitial  in- 
flammation. The  gumma  has  the  usual  indefinite  and  varied  structure, 
in  the  more  recent  stage  softer  and  more  cellular,  in  the  more  advanced 
stage  largely  composed  of  dense  connective  tissue,  with  probably  a 
caseous  centre.  There  may  be  a  single  tumour  replacing  a  portion  of 
the  wall,  and^  surrounded  by  the  cicatricial  tissue  of  chi^onic  inflam- 
mation, in  which  the  endocardium  or  the  pericardium  may  be  involved. 
In  the  latter  case  there  is  adhesion  of  the  two  layers  of  the  sac.  Or  the 
gummata  may  be  multiple,  in  which  case  there  is  a  more  difiiised 
mterstitial  inflammation.  In  some  cases  there  is  a  localized  inter- 
stitial inflammation  without  a  gumma,  the  latter  having  probably  been 
absorbed.  The  result  is  a  more  or  less  contracted  cicatrix.  The 
Malignant  lymphoma  (Hodgkin's  disease)  originating  in  the  medi- 
astinal or  bronchial  lymphatic  glands,  not  infrequently  extends  to  the 
pericardium  and  heart.  In  Actinomycosis  there  are  occasionally 
abscess-like  lesions  produced  by  embolism,  similar  to  those  in  pyemia. 

Primary  tumours  are  exceedingly  rare  in  the  heart,  but  a  sarcoma  of 
the  endocardium  has  been  described,  as  also  primary  fibroma,  myoma, 
and  lipoma. 

Secondary  tumours  are  also  rare.  Sarcomas  occurring  in  the 
neighbourhood  may  spread  to  the  heart,  and  especially  those  of  the 
mediastinum,  involving  first  the  parietal  and  then  the  visceral  peri- 
cardium. Sometimes  also  a  Cancer  of  the  oesophagus  extends  to  the 
pericardium.  Cancers  when  they  become  generalized  very  often  occur 
in  the  heart,  in  the  form  of  round  pale  tumours. 

Of  Parasites,  the  echinococcus  and  the  cysticercus  cellulosje  have 
been  found  in  the  heart.  The  cysticercus  of  the  taenia  solium  is 
frequent  in  the  heart  of  swine,  and  that  of  the  tsenia  mediocanellata  in 
cattle,  but  it  is  very  rare  in  man. 
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SECTION  I— Continued. 


B.— BLOOD-VESSELS. 

I.  Diseases  or  the  Akteries.    1.  Thrombosis  and  Embolism,  2.  Obliteration,^  3. 

Acute,  inflammation,  4.  Chronic  endarteritis  or  Atheroma  ;  its  causes,  resulting 
lesions  and  effects  on  the  circulation,  5.  Endarteritis  obliterans,  6.  Retrograde 
changes  including  fatty  degeneration  of  the  intima,  and  calcareous  infiltration 
loith  ossification,  7.  Aneurysms ;  causation,  lueakness  of  loall  and  increase  of 
blaod-pressure ;  localization;  coats  of  artery  in  aneurysms ;  thrombi;  condition 
of  branches;  effects  on  the  heart;  and  on  parts  around;  terminations,  by  cure, 
by  pressure  effects,  by  rupttore.  False  and  spurious  aneurysms;  cirsoid 
aneurysm  or  aneurysm  by  anastomosis;  traumatic  aneurysm;  dissecting 
aneurysm;  varicose  aneurysm.    8.  Syphilitic  and  tubercular  affections  of  arteries. 

II.  Diseases  of  the  Veins.  1.  Thrombosis,  2.  Inflammations,  including 
septic  phlebitis  and  pycemia.  3.  Varix,  causation  and  character  of  changes; 
Hcemorrhoids ;  varicocele.    4.  Newformations  in  veins. 

rpHE  blood-vessels  are  to  be  regarded  as  tubes  of  whicli  the  essential 
constituent  is  the  intima.  According  to  circumstances  the  intima 
becomes  clothed  with  external  and  middle  coats,  and  so  we  have  arteries 
and  veins.  We  have  already  seen  that,  in  nearly  all  newformations, 
blood-vessels  are  produced  as  well  as  the  proper  tissue,  and  it  is  first  a 
tube  composed  of  intima  which  is  formed,  or  a  capillary.  This  primary 
vessel  is  capable  of  enlargement  and  further  complication  in  the  way 
just  indicated,  so  that  a  transformation  of  the  primary  capillaries  into 
arteries  and  veins  may  take  place.  This  formation  of  vessels  and  their 
further  development  according  to  the  requirements  of  the  tissues  is  an 
exceedingly  common  occurrence,  and  may  be  regarded  as  equivalent  to 
that  which  occurs  in  the  formation  of  the  tissues  during  the  period  of 
growth  of  the  body  as  a  whole.  A  process  of  a  similar  nature  is  some- 
times seen  when  the  obstruction  of  an  artery  causes  the  current  to  bo 
in  great  part  diverted  into  other  channels.  We  know  that  in  this  case 
the  anastomosing  vessels  enlarge,  small  arteries  becoming  converted 
into  large  ones,  and  perhaps  even  capillaries  into  arteries.  The  vascular 
system  is  thus  an  exceedingly  plastic  one,  and  possesses  great  powers 
of  newformation  and  development  according  to  the  needs  of  the  tissues. 
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I.— DISEASES  OF  THE  ARTERIES 

1.  Thrombosis  and  Embolism. — These  conditions  having  been  some- 
what fully  discussed  in  previous  pages,  it  remains  here  to  refer  to  the 
more  local  changes. 

Thrombosis  occurs  as  a  secondary  result  of  disease  of  the  walls  of 
arteries,  chiefly  in  cases  of  atheroma  and  aneurysm.  In  the  former  it  is 
often  the  cause  of  the  final  closure  of  the  vessel.  There  is  also  throm- 
bosis as  a  result  of  ligature  of  arteries.  Acute  inflammations  in  arteries 
also  induce  thrombosis ;  this  is  especially  the  ease  in  septic  inflam- 
mations. There  may  be  in  this  way  a  condition  similar  to  the  more 
frequent  septic  thrombosis  in  veins  (thrombophlebitis.) 

Embolism  is  very  frequent  in  arteries.  If  the  embolus  be  a  simple 
one,  such  as  a  piece  of  thrombus,  the  portion  of  artery  affected  wiU 
undergo  a  process  of  chronic  inflammation  and  the  plug  will  become 
organized  in  the  manner  about  to  be  described.  A  septic  embolus  on 
the  other  hand,  will  become  the  centre  of  a  suppurative  inflammation. 
We  have  also  embolism  from  the  penetration  of  tumours  and  parasites. 

2.  Obliteration  of  arteries. — In  several  of  the  afi"ections  to  be  con- 
sidered in  the  succeeding  paragraphs,  jsartial  or  complete  occlusion  and 
obliteration  of  arberies  occur,  and  the  processes  although  differing  some- 
what in  detail  have  many  jDoints  in  common.  In  all  of  them  there  are 
usually  conjoined  the  two  processes  of  thrombosis  and  inflammation. 

Obliteration  by  ligature  afi"ords  the  simplest  illustration.  When  an 
artery  is  ligatured,  the  internal  and  middle  coats  are  torn  through,  as 
shown  in  Fig.  164.  In  consequence  of  the  injury  and  stagnation  of 
blood  thrombosis  occurs,  and  the  thrombus,  which  will  contain  a  con- 
siderable excess  of  leucocytes,  will  extend  to  the  nearest  branch.  This 
is  followed  by  inflammatory  changes  aff'ecting  primarily  the  internal 
coat.  This  tunic  becomes  cellular  and  swollen  so  that  it  bulares  inwards 
and  impinges  on  the  coagulum.  The  inflamed  internal  coat  becomes 
vascularized,  new-formed  vessels  penetrating  into  it  from  the  vasa 
vasorum.  The  internal  coat  thus  sends  buds  or  jirojections  inwards 
which  replace  the  thrombus  by  vascularized  granulation  tissue.  The 
new-formed  vessels  are  produced  by  budding  from  the  vessels  of  the 
external  and  middle  coats,  and  these  tunics  also  take  some  part  in  the 
inflammatory  jsrocess,  but  the  middle  coat  is  much  less  active  than  the 
external  and  its  special  character  disapjjears  in  the  process.  The 
granulation  tissue  thus  formed  has  the  usual  tendency  to  form  con- 
nective tissue,  and  the  final  result  is  that  the  portion  of  artery  con- 
cerned is  resolved  into  a  piece  of  dense  connective  tissue  which  may 
form  part  of  the  cicatrix  of  a  wound. 
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When  Arteries  have  been  wounded  a  somewhat  similar  process 
occurs.  If  the  artery  is  cut  across,  the  muscular  coat  by  its  contraction 
narrows  the  calibre  of  the  artery  and  withdraws  it  within  its  sheath. 
The  blood  flowing  out  through  the  orifice  deposits  leucocytes,  and  a 
clot  forms  within  the  sheath  and  at  the  orifice  of  the  vessel,  by  and  by 
completely  obstructing  it.  This  coagulum  will  be  a  white  thrombus. 
The  ensuing  processes  will  be  similar  to  those  just  described. 

■6 


Fig.  lB4.-Loneitudinal  section  of  an  artery  at  seat  of  ligature,  a,  a,  apertures  in  which 
tiie  silk  ligature  was  found.  Tiie  external  coat  is  drawn  in  at  this  place,  while  the  middle 
and  internal  coats  are  absent,  being  absolutely  disjoined.  These  coats  are  seen  above  at  b  and 
below  at  c.    x  35. 

In  the  case  of  obliteration  from  other  causes,  the  process  of  final 
organization  is  frequently  interfered  with  by  the  diseased  condition  of 
the  wall  of  the  artery  or  by  the  character  of  the  obliterating  agent.  If 
the  latter  be  of  an  irritating  nature,  as  in  septic  embolism,  then  there 
can  be  no  organization,  and  if  the  vessel  wall  be  seriously  diseased,^  as 
is  often  the  case  in  atheroma,  then  the  whole  process  of  organization 
may  remain  absent. 
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3.  Acute  inflammation  of  arteries.  Acute  arteritis.— Arteries 
often  taken  part  in  inflammations  in  their  neighbourhood,  but  an  inde- 
pendent acute  inflammation  of  the  walls  is  very  rare.  An  endocarditis 
aifecting  the  aortic  or  pulmonary  valve  sometimes  extends  to  the 
neighbouring  parts  of  the  aorta  or  pulmonary  artery,  producing  warty 
projections  on  the  internal  surface  of  these.  More  particularly,  when 
in  acute  endocarditis  a  considerable  thrombus  forms  on  the  aortic  valve 

rand  comes  against  the  wall  of  the  aorta,  it  may  lead  to  an  acute 
endarteritis  there. 

Purulent  arteritis  is  the  result  of  septic  inflammation  m  the  neigh- 
bourhood or  of  septic  embolism.  The  process  is  similar  to  that  in 
septic  phlebitis. 

4.  Chronic  endarteritis.    Atheroma  {Arierio-sderosis,  endarteritis  de- 
formans, endarteritis  nodosa).— The&Q  names  are  applied  to  a  disease  of 
very  frequent  occurrence  in  arteries,  the  nature  of  which  has  been 
differently  regarded  at  different  times.    According  to  the  more  common 
view  of  the  process  the  disease  is  an  inflammation  of  the  internal  coat, 
and  this  view  is  so  far  a  correct  one ;  but  degenerative  processes  play 
such  an  important  part  in  the  course  of  the  disease  that  it  would  be  a 
mistake  to  regard  it  as  merely  an  ordinary  chronic  inflammation.  The 
fact  that  the  disease  is  peculiarly  one  of  advanced  life  is  another  indica- 
tion of  its  degenerative  nature,  and  it  may  almost  be  said  that  a  weak- 
ness of  the  wall  of  the  vessel  must  be  regarded  as  one  of  the  principal 
agents  in  the  causation  of  the  disease.    While  there  is  this  predisposition 
the  actual  supervention  of  the  disease  is  apparently  caused  by  me- 
chanical irritation.    Its  principal  seat  is  the  arch  of  the  aorta,  and  this 
is  doubtless  due  to  the  fact  that  this  part  is  more  exposed  to  the  force 
of  the  wave  of  blood  during  the  systole  of  the  heart  than  any  other 
portion  of  the  arterial  system.    The  disease  is  frequently  met  with  in 
the  arteries  of  the  brain,  and  here  it  is  more  diflScult  to  account  for  its 
occurrence  on  the  theory  of  mechanical  irritation,  but  the  atheromatous 
patch  IS  often  situated  just  at  a  bifurcation,  where,  presumably,  the 
vessel  wall  is  more  exposed  to  the  force  of  the  current.    It  is  also 
common,  as  already  remarked,  in  the  coronary  arteries,  where  we  may 
presume  that  the  blood-pressure  is  higher  than  in  other  arteries  of 
their  size.    Again,  it  is  met  with  in  the  pulmonary  artery  in  cases  of 
hypertrophy  of  the  right  ventricle,  the  excessive  impulse  of  the  blood 
from  the  hypertrophied  ventricle  apparently  determining  its  occurrence. 
As  we  shall  see  afterwards,  syphilis  produces  a  disease  of  arteries  in 
some  respects  similar  to  atheroma. 

The  disease  consists  in  a  more  or  less  localized  thickening  of  the 
internal  coat.    The  thickening  is  nearly  always  distinctly  limited  in 
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area,  so  that  wo  speak  of  Atheromatous  patches  (hence  the  name 
Endartentis  nodosa).  When  we  examine  the  aorta  in  the  earlier 
stages  we  see  elevated  areas  with  tolerably  abrupt  edges,  and  usually 
of  a  dead  white  colour  as  compared  with  the  surrounding  intima. 
These  patches  are  hard,  and  cut  like  cartilage.  In  the  arteries  of 
the  brain  the  diseased  parts  are  seen,  without  opening  the  vessels,  as 
white  opaque  patches,  and  the  vessel  is  more  rigid  than  normal,  so  that 
it  does  not  collapse ;  the  calibre  also  is  diminished  by  the  inward  pro- 
jection of  the  patch.  On  cutting  into  the  patch,  in  either  the  aorta  or 
a  cerebral  artery,  there  is  often  an  opaque  yellow  colour  revealed  in  the 
deeper  parts  and  this  is  an  indication  of  fatty  degeneration.  Very 
often,  too,  there  is,  especially  in  the  aorta,  calcareous  infiltration  of  the 
deeper  parts  of  the  patch,  but  these  two  conditions  will  be  more  fully 
discussed  further  on. 

In  considering  more  particularly  the  details  of  the  process,  it  is 
instructive  to  examine  microscopic  sections,  including  the  edge  of  the 
patch  and  the  neighbouring  parts  of  the  vessel  (see  Figs.  165,  166,  and 


Fig.  I(i5.— Atheroma  of  aorta.  The  internal  coat  (n)  is  seen  to  be  thickened.  In  its  deeper 
layers  there  are  darker  markings  indicating  the  commencement  of  fatty  degeneration,  b, 
middle,  and  c,  external  coat,    x  22. 


168).  In  well-preserved  recent  cases  it  can  be  seen  that  the  endothelium 
of  the  intima  is  continued  over  the  patch,  and  in  nearly  all  cases  there 
is  little  difficulty  in  observing  that  the  patch  is  really  a  thickening  of 
the  internal  coat,  as  shown  in  the  figures.  The  thickened  intima  is 
composed  of  a  dense  connective  tissue,  which  in  the  early  stages 
contains  many  round,  oval,  and  stellate  cells.  In  a  fully  formed  patch 
the  structure  is  often  exceedingly  indefinite,  and  there  are  few  cells  that 
are  at  all  prominent  even  when  staining  agents  are  used.    The  structure 
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IS  indeed  half  obsolete,  and  as  already  indicated,  fatty  degeneration 
readily  occurs.  The  fatty  degeneration  begins  usually  in  the  deeper 
layers  of  the  patch,  so  that  on  making  a  section  one  generally 
finds  in  the  portion  of  the  patch  bordering  on  the  middle  coat  an 
opaque  yellow  streak  (see  also  Fig.  165).  The  fatty  degeneration 
at  first  affects  the  cells  of  the  intima,  but  as  time  goes  on  the  inter- 
cellular substance  gives  way,  and  the  tissue  breaks  down  so  that  a 
cavity  containing  fatty  debris  with  crystals  of  margarine  and  of  choles- 
tearino  is  formed.  From  the  character  of  this  fatty  debris  the  name 
atheroma  is  derived,  and  the  cavity  thus  formed  is  sometimes  called  an 
Atheromatous  abscess.  (See  Fig.  166.)  The  tissue  .superficial  to  the 
cavity  may  ultimately  give  way,  and  so  expose  the  cavity,  thus  forming 


i-nwl^;  nMnn5.''H°'^^  of  femoral  artery.  The  greatly  thickened  interaal  coat  (n)is  shoxvn  In  the 
S»  nl'i      '  tlie  right,  are  dark  masses  consisting  mainly  of  fatty  debris,  and  renresentin^ 

w?tMn   ■72'^  •  ^'^^  "^^^'^^'^  i«  <=°'^«iderably  eici  oacheTon  f^Z 

an  Atheromatous  ulcer.  The  ulcer  sometimes  presents  calcareous 
masses  in  its  walls,  and  in  any  case  it  may  induce  the  deposition  of 
librine  on  its  surface.  The  fatty  material  may,  on  the  other  hand,  be 
absorbed  without  forming  an  actual  ulcer,  and  in  that  case  there  \vi\l  be 
produced  depressions  and  irregular  foldings  and  puckerings  of  the  inter- 
nal coat.  These  depressions  and  foldings  have  often  a  kind  of  cicatri- 
cial appearance. 

Calcareous  infiltratioii  is  a  frequent  result  of  the  disease  under 
consideration.  It  is  generally  stated  that  the  calcereous  salts  are 
deposited  in  the  fatty  degenerated  structure.  But  this  is  not  always 
the  case.  The  dense  tissue  of  the  patch  may  become  infiltrated  with 
lime  salts  without  a  preceding  fatty  degeneration.  This  is  peculiarly 
the  case  when  the  tissue  is  very  hard  and  dry.  We  shall  see  afterwards 
that  some  individuals  present  a  very  great  tendency  to  the  deposition 
of  lime  salts  in  the  walls  of  their  arteries,  and  there  are  cases  of 
atheroma  in  which  this  tendency  is  very  marked,  so  that  with  compara- 
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tively  little  atheromatous  thickening  there  may  bo  very  extensive 
calcareous  deposition.  At  first  the  salts  arc  deposited  in  fine  granules, 
and  in  the  deeper  layers  of  the  patch,  but  as  time  goes  on  these  aggre- 
gate into  consistent  masses  so  that  we  have  Calcareous  plates  of  various 
forms  and  sizes,  sometimes  attaining  to  a  square  inch  in  area.  These 
plates,  having  abrupt  edges,  not  infrequently  tear  through  the  remain- 
ing layers  of  the  intima,  and  present  an  edge  or  angle  inside  the  vessel. 
They  may  even  become  to  a  considerable  extent  separated,  and  hang 
into  the  calibre  attached  only  by  a  strip  of  intima  like  a  hinge.  The 
rough  calcareous  edge  very  commonly  induces  a  deposition  of  fibrine, 
and  the  thrombus  thus  formed  may  subsequently  get  detached,  and 
form  an  embolus.  The  determination  of  the  preponderance  of  the  fatty 
or  calcareous  change  appears  to  depend  on  individual  peculiarities.  Both 
forms  are  very  frequent  in  the  aorta.  The  fatty  change  preponderates 
greatly  in  the  cerebral  arteries. 

There  are  some  cases  in  which  the  atheroma  has  a  much  more  dis- 
tinctly inflammatory  course  than  that  described  above.  The  thickened 
intima  is  infiltrated  with  round  cells,  and  there  is  also  inflammatory 
infiltration  of  the  middle  and  external  coats,  the  round  cells  aggregating 
specially  around  the  blood-vessels,  so  that  the  whole  wall  of  the  vessel 
is  afi"ected.  Such  cases  are  perhaps  hardly  to  be  placed  in  the  same 
category  as  ordinary  atheroma,  but  as  this  condition  occurs  like  the 
other,  mainly  in  the  aorta,  and  the  result  is  a  thickening  of  the  inter- 
nal coat  in  patches,  it  is  difficult  to  draw  a  distinct  line  of  demarcation 
between  them.  By  some,  this  condition  has  been  specially  distinguished 
under  the  designation  Acute  aortitis. 

The  Changes  in  the  middle  and  ex- 
ternal coats  in  atheroma  are  impor- 
tant.    At  first  the  middle  coat  is 

hardly  at  all  aff"ected,  but  if  the  'W'^sf'^  \  li 

process  advances  far,  and  especially  j/    ^       \  ^ 

if  the  degeneration  of  the  patch  ^  |  | 

causes  much  deformity  of  the  inter- 
nal coat,  then  the  middle  coat  be- 
comes softened  and  loosened.  It 
also  becomes  aff"ected  with  fatty  de- 
generation, the  muscular  fibre-cells 

being  first  involved  (see  Fig.  167).  107.-Fatty  degeneration  in  atheroma, 

In  advanced  cases,  especially  in  the  SlidXcoSt  "'J sso!'*'' '  """^"^^  "^"^  ^'""^ 
cerebral  arteries,  we  may  even  find, 

along  with  fat  granules,  crystals  of  cholestearine  and  margarine  and 
pigment,  so  that  through  time  the  middle  coat  may  be  considerably 
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broken  up.  This  process  may  be  present  in  the  middle  coat  while 
the  hard  thickening  of  the  internal  coat  is  still  present,  and  we  may  find 
a  localized  dilatation  of  the  vessel  occurring,  into  which  the  thickened 
intima  dips.  According  to  Thoma  the  primary  lesion  in  atheroma  is  in 
the  middle  coat,  generally  a  weakening  or  atrophy  of  it.  The  thicken- 
ing of  the  intima  is,  in  his  view,  compensatory  to  the  lesion  in  the  media. 
The  external  coat  is  much  less  seriously  affected  than  the  middle;  if  at 
all  involved  it  presents  increased  thickening  and  vascularization. 

We  have  now  to  consider  the  Effects  of  atheroma  on  the  circulation. 
There  are  three  alterations  which  it  produces,  each  of  which  may, 
according  to  circumstances,  have  important  effects  on  the  circulation. 
The  disease  causes  narrowing  of  the  calibre,  loss  of  elasticity  and  rigidity  of 
the  wall,  and  interference  with  the  muscular  contractility  of  the  vessel. 


,-fc  !l'fl'  -Atheroma  of  corebi-al  artery.  The  greatly  thickened  internal  coat  is  seen.  In 
Its  substance  are  dark  masses  (6>in  which  margarine  crystals  were  found.  Orf  the  surface 
remafnini7ahbre.'°x3f"'^  °*  partiaUy  organized  thrombus;  (J)  blood  occupying  the 

The  Narrowing  of  the  vessel  will  be  of  little  consequence  in  such 
large  arteries  as  the  aorta,  but  in  the  case  of  the  cerebral  vessels,  the 
cardiac  arteries,  and  those  of  the  legs,  the  interference  with  the  circula- 
tion may  be  considerable  (see  Fig.  168).  We  have  seen  this  illustrated 
in  the  case  of  the  coronary  arteries  of  the  heart,  especially  when  throm- 
bosis supervenes,  where  the  disturbance  of  the  circulation  sometimes 
produces  severe  angina,  and  may  lead  to  sudden  death. 
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The  Interference  with  the  contractility  will  also  affect  mainly  the 
arteries  of  smaller  dimensions,  and  in  the  case  of  the  arteries  of  the 
brain,  the  absence  of  that  control  of  the  circulation  which  is  afforded 
by  their  varying  calibre  may  lead  to  serious  consequences. 

Rigidity  and  weakening  of  the  wall  are  very  important  con- 
sequences of  atheroma,  esjiecially  in  the  aorta,  where  they  are  probably 


Fig.  169.— Transverse  section  of  normal  cerebral  artery  to  coutrast  with  Fig.  176.    x  34. 

the  chief  factors  in  the  causation  of  aneurysm.  The  immediate  con- 
sequence of  rigidity  of  the  aorta  is  that  during  the  systole  of  the  heart 
the  vessel  does  not  dilate,  and  at  the  end  of  the  systole  it  does  not 
recoil,  so  that  the  force  of  the  elastic  recoil  is  lost  to  the  circulation,  and 
in  distant  parts  there  is  apt  to  be  more  or  less  stagnation.  As  a  result 
of  this  we  have  hypertrophy  of  the  left  ventricle,  which  is  often  very 
marked  in  cases  where  much  calcareous  infiltration  exists.  The  hyper- 
trophied  ventricle  sending  the  blood  forcibly  into  the  rigid  aorta  pro- 
duces commonly  a  diffuse  dilatation  of  the  arch.  The  influence  of 
atheroma  in  producing  aneurysm  will  fall  to  be  considered  subsequently. 

The  time  of  life  at  which,  atheroma  is  most  frequent  is  a  point  of.  some  impor- 
tance in  relation  to  the  causation  of  aneurysm.  According  to  Eokitansky,  it  is 
commonest  between  the  ages  of  forty  and  sixty.  It  is  still  pretty  frequent  down  to 
thu-ty  years  of  age,  but  rapidly  diminishes  in  frequency  from  that  age  downwards. 
It  IS  extremely  rare  under  twenty  years,  and  when  it  does  occur  it  is  mostly  in  con- 
nection with  congenital  anomalies  of  the  great  vessels  or  heart,  such  as  stenosis 
of  a  main  stem  with  defect  of  the  septum,  etc. 

5.  Endarteritis  obliterans. — This  is  not  an  independent  disease,  but 
is  frequently  of  considerable  importance  as  a  part  of  the  phenomena 
of  other  conditions.  It  affects  the  finer  vessels  of  certain  organs,  and 
consists,  Kkc  atheroma  in  a  thickening  of  the  internal  coat  (see  Fig.  170) 
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Fig.  170. — Endarteritis  obliterans  in  artei-ies  of 
kidney,  n,  thickened  and  fibrous  interuul  coat ;  6, 
middle  coat. 


which,  in  these  fine  arteries,  frequently  leads  to  complete  obliteration. 

This  form  of  lesion  is  seen 
especially  in  interstitial  inflam- 
mations of  organs,  and  is  par- 
ticularly frequent  in  chronic  in- 
terstitial nephritis,  where  it  will 
be  again  referred  to. 

6.  Retrograde  changes  in 
arteries. — Wo  have  already  re- 
ferred to  retrograde  changes  in 
connection  wth  a.theroma.  Some 
more  independent  forms  have 
still  to  be  considered. 

Fatty  degeneration  of  the 
intima  of  arteries. — This  condi- 
tion is  apt  to  be  mistaken  for 
atheroma.  We  frequently  see,  especially  in  the  aorta,  yellow 
markings  slightly  raised  above  the  internal  surface,  and  having 
the  appearance  of  sui)erficial  figurings.  They  are  to  be  found  in  the 
aorta,  pulmonary  artery,  and  other  parts  of  the  arterial  system.  If  a 
portion  of  such  a  patch  be  examined  under  the  microscope  by  remo^ang 
a  thin  layer  by  a  section  parallel  to  the  surface,  it  will  be  found  that 
the  condition  consists  in  a  fatty  degeneration  of  the  cells  of  the  intima. 
The  flat  branched  cells  are  demarcated  by  the  presence  in  them  of 
abundant  fat  drops.  If  the  fatty  degeneration  is  much  advanced  then 
the  intercellular  substance  becomes  also  the  seat  of  fat  drops,  and  the 
cells  are  no  longer  demarcated.  It  sometimes  happens  that  when  the 
degeneration  is  very  advanced  the  little  patch  softens  and  an  erosion 
forms.  This  erosion  is  very  superficial,  and  is  not  to  be  mistaken  for 
the  athei'omatous  ulcer. 

This  condition  is  sometimes  met  with  in  the  bodies  of  comparatively 
healthy  persons,  but  we  have  already  seen  that  in  antemia  and  in 
emaciated  persons  it  is  frequent,  and  it  is  to  be  classed  in  the  same 
category  as  fatty  degeneration  of  the  muscular  tissue  of  the  heart. 

Calcareous  infiltration  of  arteries. — We  have  already  seen  that  in 
atheroma  there  is  very  frequently  a  calcareous  infiltration  of  the 
affected  structures,  and  it  has  been  stated  that  individual  peculiarities 
appear  to  play  an  important  part  here.  In  some  cases  a  more  indepen- 
dent calcareous  deposition  occurs,  and  here  individual  peculiarities  are 
of  still  greater  consequence.  Calcification  of  the  middle  coat  is  the 
most  frequent  and  important  form.  This  is  very  frequently  associated 
with  atheroma,  but  it  is  noteworthy  that  the  atheroma  and  calcareous 
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deposition  very  often  affect  different  arteries  or  diff'ererit  parts  of  the 
same  artery.  We  may  have,  for  instance,  atheroma  of  the  aorta  and  cal- 
cification of  the  middle  coat  in  the  femoral  and  smaller  vessels  ;  or  there 
may  be  atheroma  as  well  as  calcification  in  the  femoral,  but  in  their  ex- 
treme degrees  the  two  are  present  at  separate  parts  of  the  artery.  For 
instance,  Fig.  166,  p.  408  and  Fig.  172  are  from  the  same  femoral  artery, 
and  from  parts  near  each  other;  but  the  one  shows  atheroma  with 
fatty  degeneration,  while  the  other  exhibits  very  advanced  calcareous 
infiltration  of  the  middle  coat.  It  may  here  be  remarked  that  calcifica- 
tion affects  by  preference  the  arteries  of  medium  and  smaller  size.  It 
is  often  very  pronounced  in  the  femoral  and  brachial,  and  extends  to 
those  of  smaller  size,  but  not  to  the  finest  arteries. 

The  deposition  occurs  primarily  into  the  muscular  fibre  cells  of  the 


c 
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Fig.  171.— Calcareous  infiltration  of  the  middle  coat  (6)  in  an  artery, 
early  stage,  with  atheroma  (a).  At  the  edges  of  the  affected  part,  the 
general  outline  of  the  muscle  fibre  cells  can  be  made  out.    x  60. 

middle  coat,  and  at  first  marks  these  out  by  the  presence  of  fine  opaque 
granules  (see  Fig.  171).  The  granules  flow  together  till  a  patch  is 
formed  of  an  opaque  appearance,  but  confined  to  the  middle  coat.  As 
the  calcareous  deposition  increases,  the  patch  sometimes  assumes  a 


Fig.  172.— Calcareous  infiltration  of  the  middle  coat  of  an  artery.  The  limo  salts  have 
aggregated  together  so  as  to  produce  a  crystalline  appearance.  This  was  taken  from  the 
same  artery  as  Fig.  160.    x  22. 


crystalline  appearance,  and  the  material  may  become  broken  and  irre- 
gular, as  in  Fig.  172.    This  condition  necessarily  gives  greatly  increased 
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rigidity  to  the  walls  of  the  arteries,  and  the  feeling  of  rigidity  so  often 
felt  in  the  radial  and  other  smaller  arteries  is  mostly  due  to  this  cause, 
and  not  to  atheroma.  The  fact,  however,  that  calcification  of  the 
middle  coat  is  so  often  associated  with  atheroma  renders  this  rigidity  to 
some  extent  an  indication  of  the  existence  of  atheroma  in  the  larger 
arteries.  To  the  naked  eye  the  calcified  parts  frequently  manifest 
themselves  by  the  appearance  of  a  circular  opaque  striation,  visible 
especially  when  the  artery  is  laid  open  and  viewed  from  within.  The 
appearance  is  better  seen  if  the  artery  be  allowed  to  dry  partially,  as 
then  the  normal  tissue  becomes  more  transparent  and  the  chalky 
structures  more  prominent.  In  that  case  complete  or  partial  rings 
are  seen,  not  unlike  the  irregular  cartilaginous  rings  of  the  bronchi,  but 
smaller.  Another  method  of  rendering  the  calcification  prominent  is  to 
tear  off  the  internal  coat,  which  is  usually  somewhat  loosely  attached. 

The  calcified  middle  coat  sometimes  undergoes  a  true  Ossification,  so 
that  spicualae  of  bone  may  be  mixed  with  calcareous  masses.  The  ossi- 
fication is  secondary  to  the  calcareous  infiltration,  and  is  always  small 
in  extent  compared  with  the  latter.  It  is  probable  that  it  is  really  the 
result  of  a  chronic  inflammation  around  the  calcareous  masses,  the  new- 
formed  connective  tissue,  penetrating  amongst  these,  becoming  trans- 
formed into  true  bone  by  reason  of  the  rigidity  of  the  structures  and 
the  abundance  of  lime  salts. 

The  author  has  observed  a  similar  development  of  true  bone  in  a  collapsed 
hydatid  cyst  in  the  liver.  In  this  case  the  new-formed  connective  tissue  had  pene- 
trated amongst  the  degenerated  products  of  the  parasite,  and  in  some  parts  had 
developed  osseous  tissue  with  regular  lacunas  and  canahculi. 

The  calcareous  infiltration  of  the  middle  coat  renders  the  artery  peculiarly  rigid, 
and,  when  extensive,  induces  hypertrophy  of  the  left  ventricle  just  as  rigidity  of  the 
aorta  does.  The  rigid  vessels  are  also  liable  to  dilatation,  as  in  the  case  of  the 
aorta.  But  besides  that,  the  calcified  middle  coat  is  brittle,  and  affords  a  much 
less  effective  resistance  to  the  distensile  wave  of  blood.  An  additional  strain  on  the 
circulation,  or  some  special  movement  of  the  body,  may  break  the  brittle  coat  and 
directly  lead  to  aneurysmal  dilatation  of  the  artery.  It  is  not  unhkely  that  peri- 
pheral aneurysms  are  frequently  induced  in  this  way,  and  especiaUy  those  of  the 
popUteal  region,  where  the  artery  is  peculiarly  Uable  to  mechanical  injury  from  the 
movements  of  the  limb. 

A  pecuUar  Calcification  of  arteries  by  metastasis  has  been  described.  We  have 
already  seen  that  when  great  destruction  of  bone  is  occurring  the  lime  salts  may  be 
deposited  in  distant  parts,  the  lungs  and  mucous  membrane  of  the  alimentary  canal 
being  the  chief  seats.  Kuttner  has  described  a  case  in  which  the  incrustation 
occurred  in  the  arteries.  The  deposition  increased  in  amount  the  further  the 
arteries  were  removed  from  the  heart,  and  it  was  especially  manifest  where  the 
current  was  permanently  impeded,  as  where  a  small  branch  issued  from  a  com- 
paratively large  stem.  In  this  case  it  was  the  intima  that  was  inerusted,  and  it  was 
peculiar  that  the  veins  were  not  in  the  least  affected.    Apart  from  the  incrustation, 
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the  arterial  coats  were  apparently  normal.  The  source  of  the  lime  salts  was  an 
acute  caries  of  the  vertebral  column  from  the  first  dorsal  to  the  last  lumbar.  In 
relation  to  the  pathology  of  the  case,  it  is  to  be  added  that  there  was  a  purulent 
interstitial  nephritis,  so  that  the  excretion  of  lime  salts  was  presumably  obstructed. 
It  is  remarkable  that  in  this  case  the  metastasis  was  to  the  arteries,  and  that  the 
lungs  and  mucous  membrane  of  the  intestine  were  entirely  free. 

7.  Aneurysms. — An  aneurysm  is  a  localized  dilatation  of  an  artery. 
Taking  this  as  the  definition,  it  will  follow  that  in  the  aneurysm  the 
coats  of  the  artery  are  stretched,  and,  to  some  extent,  retained  as  the 
covering  of  it.  We  shall  afterwards  see  that  there  are  aneurysms  in 
which  this  is  hardly  the  case,  in  which  the  coats  rather  give  way  and 
ruptm-e.  Such  aneurysms  are  often  designated  Spurious  aneurysms,  of 
which  it  will  be  necessary  afterwards  to  describe  several  varieties. 
Even  of  the  aneurysms  which  come  under  the  above  definition  there  are 
several  varieties,  but  we  have  to  consider  here,  in  the  first  place,  those 
which  arise  by  a  limited  dilatation  of  an  artery.  The  artery  may  be 
dilated  in  its  whole  circumference,  thus  forming  a  spindle-shaped  or 
Fusiform  aneurysm,  or  the  dilatation  may  be  at  a  limited  part,  and  we 
have  then  a  Sacculated  aneurysm. 

Causation  of  aneurysms.— It  may  be  said  that  permanent  undue 
dilatation  of  an  artery  can  hardly  occur  unless  the  wall  of  the  vessel  be 
weakened.  It  is-  perhaps  conceivable  that  the  blood-pressure  might  be 
so  increased  as  to  dilate  an  artery  unduly,  but  such  increased  pressure 
would,  in  its  extreme  form,  be  temporary,  and  unless  there  were  some 
weakness  of  the  vessel-wall  it  would  hardly  produce  a  permanent  dila- 
tation. In  the  actual  production  of  the  ordinary  aneurysm  both  of 
these  conditions,  namely,  weakness  of  the  wall  and  increased  blood- 
pressure  are  nearly  always  to  be  traced. 

The  more  important  of  the  two  conditions  is  Weakness  of  the  wall 
of  the  artery.  By  far  the  most  frequent  cause  of  this  weakness  is 
Atheroma.  We  have  already  seen  how  atheroma  with  great  calcareous 
deposition  may  lead  to  dilatation  of  the  arch  of  the  aorta.  But 
aneurysm  is  even  more  frequent  in  cases  where  the  ordinary  fatty 
change  takes  place  in  the  patches,  causing  irregularity  in  the  internal 
coat.  By  the  formation  of  the  atheromatous  abscess  and  ulcer,  or  still 
more  frequently  by  the  absorption  of  the  fat  and  consequent  shrinking, 
depressions  and  furrows  are  formed  in  the  internal  coat.  It  is  to  be 
remembered  also  that  the  atheromatous  part  is  rendered  unduly  rigid 
by  the  thickening  of  the  internal  coat,  and  that  any  extra  distending 
force  will  act  specially  on  parts  which  have  been  weakened.  Another 
element  of  equal  importance  is  the  weakening  of  the  middle  coat, 
which  we  have  seen  to  be  a  frequent  consequence  of  atheroma.  Fatty 
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degeneration  is  of  frequent  occurrence  in  the  media  under  the  athero- 
matous patch.  In  the  case  of  the  peripheral  arteries  calcareous 
infiltration  of  the  media  ma,y  occur  with  or  without  atheroma,  and  the 
calcification  may  be  such  as  to  render  the  media  exceedingly  brittle. 
It  is  true  that,  according  to  old  experiments  of  John  Hunter  and 
Home,  destruction  of  the  internal  or  even  internal  and  middle  coats  of 
arteries  in  animals  is  not  sufficient  to  cause  dilatation  of  these  vessels, 
but  with  a  seriously  weakened  middle  coat  any  considerable  increase  of 
the  blood-pressure  may  be  sufficient  to  cause  dilatation. 

While  atheroma,  especially  when  associated  with  weakening  of  the 
middle  coat,  is  concerned  in  the  causation  of  aneurysms,  there  are 
certain  circumstances  which  indicate  that  this  of  itself  is  not  a  sufficient 
cause.  One  of  these  is  the  age  at  which  aneurysms  occur.  We  have 
seen  that  atheroma  is  a  disease  of  advanced  life,  being  most  frequent 
after  forty,  although  still  very  common  between  thirty  and  forty ;  but 
aneurysms  are  most  common  between  the'  ages  of  thirty  and  forty. 
Another  circumstance  is  the  great  preponderance  of  aneurysms  in  the 
male.  It  is  true  that  atheroma  is  commonest  in  the  male,  but  not  to 
anything  like  the  same  extent  as  aneurysm.  Bizot  found  in  189  cases 
of  the  latter,  171  in  males  and  18  in  females,  and  Hodgson  found  in  63 
cases  56  in  males  and  7  in  females.  It  is  noteworthy  further  that  in 
some  localities  aneurysms  are  uncommon,  while  atheroma  is  by  no  means 
so  rare.  The  great  frequency  of  aneurysm  in  the  army  as  compared 
with  civil  life  is  another  circumstance  requiring  exjDlanation. 

All  these  circumstances  are  to  be  explained  on  the  view  that,  in 
addition  to  weakening  of  the  vessel-wall.  Increase  of  blood-pressure 
is  needed  to  produce  aneurysms.  In  severe  continued  exertion  we  find 
the  most  frequent  cause  of  increased  blood-pressure.  The  engineer  who 
has  to  manipulate  a  piece  of  hot  iron  while  Avielding  a  heavy  hammer, 
or  the  soldier  who  has  to  perform  long  marches  wth  heavy  accoutre- 
ments, must  put  a  strain  on  his  heart  and  larger  vessels  which  ordinary 
persons  are  not  liable  to.  It  will  be  apparent  that  men  are  much  more 
exposed  than  women  to  such  excessive  stress  on  their  vascular  systems. 
It  is  again  between  the  ages  of  twenty  and  forty  that  men  are  mostly 
exposed  in  this  way.  Between  the  ages  of  twenty  and  thirty  atheroma 
is  uncommon,  but  between  thirty  and  forty  it  is  tolerably  fi'equent,  and 
if  it  exists  the  liability  to  excessive  stress  will  render  the  occurrence  of 
aneurysm  more  probable.  On  the  same  i^rinciple  we  explain  the  greater 
frequency  of  aneurysm  in  some  countries  as  compared  with  others.  The 
excessive  stress  to  which  workmen  in  our  engineering  and  shipbiulding 
establishments  are  frequently  put  in  this  country  goes  far  to  explain  the 
frequency  of  aneurysm  here. 
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Another  circumstance  of  importance  is  the  Localizatioii  of  aneurysms 
in  different  arteries.  Nearly  half  the  cases  of  aneurysm  occur  in  the 
aorta,  and  the  great  majority  of  these  in  the  thoracic  portion.  We  have 
seen  that  atheroma  is  most  frequent  in  this  vessel,  but,  in  addition  to 
that,  the  aorta  is  most  exposed  to  the  excessive  pressure  of  the  blood 
when  the  heart  is  stimulated  to  unduly  forcible  action.  Next  to  the 
aorta  the  popliteal  artery  is  most  frequently  the  seat  of  aneurysm.  It.has 
already  been  pointed  out  that  this  vessel  is  especially  liable  to  injury 
from  sudden  flexures  of  the  leg,  especially  when  the  middle  coat  is 
rendered  brittle  by  calcareous  infiltration.  But  besides  that,  the  vessel 
is  so  situated  as  to  be  liable  to  localized  increase  of  blood-pressure.  As 
it  issues  from  the  popliteal  space  the  artery  passes  between  the  two 
heads  of  the  gastrocnemius,  and  is  liable  to  constriction  by  the  contrac- 
tion of  the  muscle.  On  this  principle  has  been  explained  the  frequency 
of  popliteal  aneurysm  in  flunkies  whose^priricipal  occupation  is  to  exercise 
their  gastrocnemii  in  standing.  But  apart  from  that,  when  a  person 
makes  a  severe  exertion  in  a  standing  posture,  the  gastrocnemii  contract 
vigorously,  thus  producing  a  partial  obstruction  of  the  artery  and  an 
increase  of  pressure  above  the  obstructed  part,  while  the  general  blood- 
pressure  is  also  increased. 

The  following  table  from  Crisp  gives  a  statement  of  the  frequency  of  aneurysms  in 
different  situations.  It  is  to  be  observed,  however,  that  it  greatly  underestimates  the 
number  of  aneurysms  of  the  cerebral  arteries,  and  also  those  of  the  pulmonary  artery 
in  phthisis  pulmonalis. 


551  Cases  in 

3fi4  from  ' 

English 

London 

Records. 

Mviseums. 

Aorta  thoracica  (including  arch), 
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Before  leaving  the  subject  of  the  causation  of  aneurysms  it  should  be 
mentioned  that  anything  which  weakens  the  wall  of  an  artery  will 
render  it  liable  to  dilatation.  Thus  a  blow  whose  efi'ects  extend  deeply 
enough  to  affect  the  arterial  coats,  a  piece  of  fractured  bone  pushed 
against  an  artery,  may  be  regarded  as  causes.  Again  it  has  been 
pointed  out  by  Ponfick  that  embolism  is  a  frequent  cause  of  aneurysm 
in  the  cerebral  vessels,  the  embolus  injuring  the  walls  of  the  artery. 

The  Coats  of  the  artery  in  aneurysms.- — An  aneurysm  begins  as  a 
localized  dilatation  or  as  a  little  pouching  of  a  limited  portion  of  the 
artery.  In  the  former  case  we  have  the  commencement  of  a  fusiform, 
and  in  the  latter  case  that  of  a  sacculated  aneurysm.  Even  at  this  early 
stage  the  middle  coat  is  already  impaired,  and  it  has  probably  been 
affected  to  begin  with.  Small  pouches,  into  which  one  can  put  the  tip 
of  the  finger,  are  often  to  be  seen  in  an  atheromatous  aorta.  The  little 
pouch  enlarges,  and  while  its  opening  remains  small,  it  enlarges  out- 
wards in  all  directions  into  a  distinct  sac.  The  walls  of  the  sac  are 
sometimes  folded  back  around  the  aperture  so  as  to  apply  themselves 
to  the  external  surface  of  the  artery,  and  these  may  become  mutually 
adherent.  In  that  case  the  aperture  has  a  sharp  edge,  and  it  appears  as 
if  the  wall  of  the  artery  were  folded  over  so  as  to  form  the  wall  of  the 
aneurysm. 

The  Internal  coat  enters  variously  into  the  constitution  of  the  aneur- 
ysmal wall.  In  the  case  of  a  fusiform  aneurysm  it  is  continuous  over  the 
internal  surface,  and  probably  jDresents  very  marked  atheromatous 
changes.  In  the  sacculated  form  it  is  usually  to  be  traced  some  little 
distance  from  the  edge  of  the  aperture  on  the  wall  of  the  aneurysm,  and 
even  in  the  midst  of  the  internal  surface  of  the  sac  pieces  of  internal 
■coat,  greatly  altered  as  a  rule,  may  be  discovered. 

The  Middle  coat  appears  to  be  passively  aff"ected  in  the  formation  of 
the  aneurysm.  Its  fibres  are  loosened  and  stretched  as  dilatation  occurs, 
and  from  the  first  are  liable  to  degeneration.  Even  in  fusiform  aneurysms 
it  is  often  difficult  to  trace  the  middle  coat  far  from  the  beginning  of  the 
dilatation. 

The  External  coat,  on  the  other  hand,  may  be  regarded  as  forming 
the  chief  constituent  of  the  sac.  It  is  composed  of  connective  tissue, 
and,  as  the  aneurysm  grows,  inflammatory  processes  occur  and  new  con- 
nective tissue  is  formed,  so  that  the  sac  does  not  necessarily  undergo 
thinning  as  it  enlarges.  The  connective  tissue  of  the  external  coat 
usually  makes  common  cause  with  that  of  neighbouring  structures, 
and  so  the  aneurysm  acquires  adhesions,  and  the  surrounding  structures 
come  to  form,  to  a  certain  extent,  constituents  of  the  sac. 

Thrombi  in  aneurysms. — Blood-clots  are  of  nearly  constant  occuiTencc 


THROJIBI  IN  ANEURYSMS. 


419 


in  aneurysms,  and  they  may  almost  be  regarded  as  constituents  of  the 
sac,  as  they  doubtless  aid  to  a  great  extent  in  preventing  rui)ture. 
Coagula  are  most  frequent  and  most  important  in  sacculated  aneurysms. 
We  meet  with  them  in  the  form  of  firm,  dry  layers,  which  present 
a  distinct  stratification,  generally  parallel  to  the  wall  of  the  aneurysm. 
The  coagula  often  form  a  Idnd  of  sac  inside  the  proper  sac,  and 
after  removal  retain  the  shape  of  the  aneurysm.  The  coagula  are 
primarily  White  thrombi.  The  white  blood-corpuscles  adhere  to  the 
rough  internal  wall  of  the  aneurysm,  and  after  they  have  accumu- 
lated to  some  extent  coagulation  occurs  and  a  thrombus  is  formed. 
This  process  is  repeated,  and  the  formation  of  fibrine  is  thus  in  suc- 
cessive layers.  Not  infrequently  the  layers  become  partially  separated, 
and  the  blood  insinuates  itself  between  them.  A  layer  of  whole  blood 
is  thus  formed,  and  when  it  coagulates  we  have  a  red  thrombus  mixed 
with  the  white.  As  time  goes  on  the  clots  become  firmer,  dryer,  and 
more  stringy.  The  layers  next  the  sac  are  often  of  a  pearly  whiteness, 
and  may  be  taken  for  connective  tissue.  Under  the  microscope,  how- 
ever, they  are  seen  to  be  devoid  of  definite  structure,  and  acetic  acid 
brings  out  no  elongated  nuclei  as  in  the  case  of  connective  tissue.  (See 
under  Hyaline  Degeneration,  p.  171.)  There  seems  little  tendency  to 
the  organization  of  these  coagula  unless  the  whole  aneurysm  becomes 
filled  and  its  cavity  obliterated  by  them.  The  continual  distension  of 
the  cavity  seems  to  interfere  with  the  process  of  organization;  but,  if 
the  cavity  be  obliterated  by  the  formation  of  clots,  then  organization 
proceeds,  and  by  and  by  the  aneurysm  is  converted  into  a  connective 
tissue  nodule  which  contracts  more  and  more. 

The  condition  of  branches  given  off  at  the  seat  of  an  aneurysm  is 
a  matter  of  great  importance.  These  vessels  are  frequently  obstructed, 
and  there  are  various  ways  in  which  this  may  come  about.  The  ather- 
omatous process  may  occur  to  such  an  extent  around  the  orifice  of 
a  branch  as  to  narrow  or  even  obliterate  it.  This  is  most  frequent  in 
small  arteries  like  the  intercostals,  but  is  not  uncommon  in  larger 
branches.  Again,  the  coagula  may  come  to  overlie  the  aperture, 
already  narrowed,  it  may  be,  by  atheroma.  Further,  it  will  be  apparent 
that,  as  an  aneurysm  enlarges,  especially  a  sacculated  one,  it  will  often 
drag  on  and  contort  vessels  whose  apertures  are  in  or  near  its  walls. 
The  aperture  may  thus  be  reduced  to  a  fissure,  and  the  edge  may  be  so 
placed  as  to  valve  the  aperture.  This  is  particularly  the  case  in  the 
sacculated  aneurysms  of  the  arch  of  the  aorta.  Sometimes  by  the  en- 
largement of  an  aneurysm  the  aperture  of  the  branch  is  to  be  found  at 
the  summit  of  the  aneurysm.  In  that  case  the  aperture  may  be  ob- 
structed in  one  of  the  ways  already  described,  but  it  not  infrequently 
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remains  at  least  partially  free.  The  coagula  may  even  be  tunnelled  in 
order  to  allow  the  current  to  flow  into  the  branches  (see  Fig.  173). 
Another  mode  of  closure  is  by  the  pressure  of  the  aneurysm  itself  on  the 
branch  beyond  the  aperture.    If  a  branch  be  closed  in  any  of  these 


Fig.  173. — Aneurysm  of  the  abdominal  aorta  with  clots  tunnelled  so  as  to  allow  the 
blood'  to  reacli  the  branches.  The  general  lie  of  the  stratification  of  the  clots  is  shown. 
The  coeliac  axis  and  superior  mesenteric  artery  are  seen  to  be  narrowed  at  their  orifices.  The 
posterior  wall  of  the  aneurysm  is  absent  where  it  impinged  agiiinst  the  vertebrce.  Half  the 
natural  size. 


way^  it  becomes  the  seat  of  a  thrombus,  and  in  the  usual  way  becomes 
converted  into  a  solid  cord.  In  regard  to  the  condition  of  branches  it  is 
to  be  observed  that  the  aneurysm  may,  as  it  were,  be  continued  into 
the  branch,  the  iirst  part  of  the  latter  being  dilated  along  with  the 
aneurysm.  ' 

Effects  on  the  heart. — Aneurysms  affect  the  heart  somewhat  variously. 
It  is  frequently  dej^ressed  by  the  mere  presence  of  the  aneurysm  at  its 
base.  Room  must  be  afforded  for  the  increasing  tumour,  and  as  the 
position  of  the  aorta  forbids  much  movement  upwards,  the  heart  is 
pushed  somewhat  downwards.  The  extent  of  displacement  "will,  of 
course,  depend  on  the  position  and  size  of  the  aneurysm.  Besides  this, 
the  heart  often  undergoes  enlargement,  especially  the  left  ventricle. 
It  is  clear  that  in  distending  the  aneurysm  a  considerable  amount  of  the 
force  of  the  left  ventricle  is  wasted,  and  on  principles  already  considered 
the  ventricle  must  act  more  powerfully ;  the  hypertrophy  is  therefore 
compensatory. 

Effects  on  parts  around. — The  elTects  of  the  aneurysm  on  other 
parts  will  depend  on  the  amount  of  pressure  exercised,  and  the  nature 
of  the  structures  involved.  An  aneurysm  often  presses  on  nerves,  caus- 
ing primarily  irritation  of  them  and  sometimes  ultimately  interruption 
and  consequent  loss  of  function.  Thus  they  often  produce  Aaolent 
pains,  and  even  symptoms  of  angina  pectoris  when  the  nerves  of  the 
heart  are  pressed  on.    By  irritation  of  the  recurrent  laryngeal  nerve 
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they  may  cause  spasm  of  the  laiyngeal  muscles,  or  by  destroying  the 
nerve  lead  to  their  paralysis. 
The  various  canals  within  the 
chest — the  trachea,  bronchi, 
oesophagus,  venous  stems — are 
often  narrowed  or  completely 
obstructed,  so  that  a  great 
variety  of  symptoms  are  ]3ro- 
duced.  When  an  aneurysm 
meets  with  a,  firm  structure 
such  as  bone,  it  erodes  it,  as 
we  have  already  seen.  Carti- 
lage resists  more  than  bone; 
and  in  the  case  of  an  aneurj^sm 
coming  against  the  vertebrae, 
we  often  find  the  bodies  of  the 
vertebrae  deeply  eroded,  v/hile 
the  intervertebral  cartilages 
stand  prominently  out  be- 
tween them  (see  Fig.  174).-  Fig.  174.— Aneurysm  of  aorta  eroding  vertebra.  The 
We    may    find     also    in     an  '"'^^'^^^^'^.'^'■'^^  ^""^  seeu  to  remain  prominent. 

aneurysm  advancing  to  the  front  of  the  chest  the  sternum  and  osseous 
ribs  much  eroded,  while  the  cartilaginous  ribs,  almost  isolated,  are  very 
little  destroyed.  In  these  cases  it  will  be  seen  that  as  the  dense  struc- 
tures are  exposed  in  the  aneurysm,  the  proper  wall  of  the  latter  is,  by 
so  much,  deficient. 

Terminations  of  aneurysms. — Aneurysms  have  somewhat  various 
terminations,  much  the  commonest  being  unfortunate.  Sometirhes, 
although  very  rarely,  a  spontaneous  cure  occurs.  The  artery  is  some- 
times pressed  on  by  the  bulging  aneurj^sm  itself,  and  obliterated.  Or 
the  aneurysm  having  burst,  the  blood  collecting  outside,  by  its  pressure, 
obliterates  the  aneurysm.  It  is  well  known  that  obliteration  of  the 
artery  is  often  effected  by  ligaturing  it.  If  the  artery  is  obliterated, 
the  aneurysm  fills  up  with  clot,  and  by  and  by  organization  occurs,  and 
the  aneurysm  is  cured. 

But  the  majority  of  aneurysms  are  beyond  the  reach,  of  surgical  inter- 
ference, and  for  thie  most  part  they  continue  enlarging  till  they  lead  to 
a  fatal  issue.  This  may  be  from  the  eff"ects  of  Pressure  on  parts  around, 
or  upon  the  heart,  so  that  death  may  result  from  hypera^mia  and  fwdema 
of  the  luings,  from  general  venous  engorgement  and  oedema,  from  maras- 
mus, and  so  on. 

The  aneurysm  sometimes  ends  by  Rupture,  Avhich  occurs  in  various 
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directions  according  to  the  circumstances  of  the  aneurysm.  It  may  here 
be  said  that  the  ijrobability  of  rupture  is  by  no  means  in  proportion  to 
the  size  of  the  aneurysm.  A  large  aneurysm,  by  the  amount  of  pressure 
it  exercises,  will  probably,  by  its  irritation,  and  by  causing  counter-pres- 
sure from  displaced  organs,  produce  sufficient  support,  unless  it  comes 
actually  to  the  surface  of  the  body  or  bulges  into  a  cavity.  When 
rupture  occurs  it  is  either  into  a  cavity  of  the  body,  as  the  sac  of  the 
pericardium,  the  pleura,  an  auricle  of  the  heart,  etc. ;  or  into  a  canal,  as 
the  trachea,  bronchus,  or  another  blood-vessel,  such  as  the  pidmonary 
artery ;  or  into  the  substance  of  an  organ,  as  the  lung  or  brain;  or  among 
the  muscles  or  connective  tissue  of  a  part.  The  mode  in  which  the  rup- 
ture comes  about  varies  somewhat.  The  aneurysm  may  rupture  into  a 
cavity  or  on  the  surface  of  the  body  for  want  of  support  to  its  wall,  a 
tear  occurring  by  and  by  in  the  sac.  Or  the  aneurysm  may  undermine 
a  mucous  membrane  or  the  skin,  and  produce  a  necrosis,  rupture  occur- 
ring on  the  separation  of  the  slough.  Or  the  aneurysm  may  induce 
inflammation  of  the  mucous  membrane,  and  the  softened  tissue  may 
give  way.  Again,  in  the  case  of  an  aneurysm  meeting  an  osseous 
structure  a  gap  may  occur  in  the  wall  of  its  proper  sac,  and  the  edge  of 
the  gap  may  become  detached  from  the  bone,  and  so  occasion  a  rupture. 
The  rupture  is  not  usually  at  the  very  first  fatal ;  there  is,  to  begin  with, 
a  slight  leakage  of  blood  through  irregular  apertures  which  get  occasion- 
ally closed  with  blood-clot.  But  from  some  accidental  increase  of  blood- 
pressure  or  other  cause  the  aperture  is  enlarged,  and  a  fatal  haemorrhage 
is  the  result.  Or  death  comes  from  exhaustion  due  to  the  prolonged 
drain  and  the  interference  with  function  that  the  aneurysm  otherwise 
produces. 

Aneurysms  of  the  Ascending;  aorta  are  most  liable  to  burst  into  the  pericardium,  but 
they  also  rupture  into  pleura,  lung,  oesophagus,  vena  cava  superior,  pulmonary 
artery,  auricle,  ventricle,  or  externally.  Those  of  the  Arch  of  the  aorta  rupture  into 
the  trachea  or  bronchi  most  frequently,  but  also  into  pericardium  and  on  other 
neighbouring  surfaces.  The  aneurysms  of  the  Thoracic  aorta  ru^jture  chiefly  into  the 
pleurte,  but  also  into  the  oesophagus,  bronchi,  and  lungs.  Those  of  the  Abdominal 
aorta  mostly  rupture  behind  the  peritoneum,  and  enormous  quantities  of  blood  may 
accumulate  beneath  that  membrane,  bulging  it  and  the  abdominal  contents  forwards. 
There  may  be  a  subsequent  tear  of  the  peritoneum,  and  blood  is,  ia  that  case,  present 
in  the  abdominal  cavity.  These  aneurysms  also  rupture  into  the  left  pleura,  inferior 
vena  cava,  lungs,  colon,  pelvis  of  kidney,  and  posterior  mediastinum. 

False  and  Spurious  aneurysms. — There  are  certain  lesions  to  which 
the  name  aneurysm  is  commonly  given,  but  which  do  not  accord  with 
the  description  given  above. 

The  Cirsoid  aneurysm  and  the  Aneurysm  by  anastomosis  are 

somewhat  allied  forms.   The  cirsoid  anem'ysm  is  sometimes  called  varix 
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arterialis,  and  the  name  is  suggestive  of  the  condition  presented.  A 
portion  of  artery  with  its  branches  becomes  elongated  and  widened, 
and  the  vessels  become   convoluted  like   varicose   veins.  Some- 
times the  dilatation  extends  to  the  corresponding  capillaries  and 
veins.    This  form  of  aneurysm  occurs  most  frequently  in  the  arteries 
of  the  scalp  and  face,  especially  the  temporal  and  occipital,  and  the 
enlarged  and  tortuous  vessels  are  to  be  felt  under  the  slcin.  The 
aneurysm  by  anastomosis  is  almost  an  arterial  vascular  tumour.  There 
is  enlargement  and  lengthening  of  a  large  number  of  small  arteries, 
with  probably  newformation  of  arteries,  and  the  mass  of  vessels  can 
be  felt  like  pulsating  worms  under  the  skin.    The  enlargement  may 
extend  to  the  capillaries.    The  aflFection  forms  a  distinct  growth  of  a 
bluish  red  colour,  and  Avith  a  somewhat  granular  surface.    Its  most 
frequent  seat  is  the  scalp. 

The  Traumatic  aneurysm  arises  in  consequence  of  an  injury  to  a 
vessel.  An  injury  has  been  sustained,  and  after  a  longer  or  shorter 
period  an  aneurysm  appears.  The  mode  in  which  such  aneurysms  arise 
varies.  In  some  cases  an  artery  is  wounded,  and  the  blood  makes  a 
cavity  for  itself,  constituting  a  spurious  aneurysm.  The  cavity  remains 
in  communication  with  the  artery,  and  forms  a  kind  of  aneurysmal  sac. 
This  is  not  a  common  result  of  wounds  of  arteries,  as  these  usually  close, 
but  it  does  occur,  and  most  readily  when  the  wound  has  been  an 
oblique  or  longitudinal  one.  It  may  result  from  a.  womid  penetrating 
from  the  surface,  but  of  such  a  form  as  to  prevent  the  escape  of  the 
blood  from  the  surface,  or  it  may  result  from  a  broken  bone  tearing  the 
coats. 

But  there  are  some  cases  of  traumatic  aneurysm  which  are  more 
slow  of  formation  and  in  which  it  is  not  probable  that  any  distinct  tear 
through  the  whole  coats  has  occurred.  In  the  fully  developed  aneurysm 
it  is  impossible  to  trace  the  exact  mode  of  origin,  but  it  is  probable  that 
in  many  cases  a  fractured  bone  projected  against  a  vessel  injures  or 
even  ruptures  the  middle  coat,  and  possibly  the  internal  as  well.  We 
know  that  in  applying  a  ligature  those  two  coats  give  way,  and  we  can 
conceive  a  violent  force  applied  to  the  wall  producing  the  same  result.  A 
simple  blow  may  act  in  a  similar  way,  but  it  will  do  so  the  more  readily 
if  the  middle  coat  be  already  brittle  from  calcareous  infiltration.  Many 
of  the  aneurysms  of  the  femoral  and  popliteal  arteries  are  referred  to 
blows  and  injuries  ;  but  these  are  not  all  to  be  regarded  as  pure  trau- 
matic aneurysms,  as  the  arterial  coats  are  frequently  so  altered  by 
atheroma  and  calcareous  infiltration  as  to  make  the  injury  merely  the 
determining  cause. 

Traumatic  aneurysms,  as  appears  from  what  has  been  said  as  to  their 
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origin,  have  usually  less  defined  sacs  than  spontaneous  ones.  This 
s  especially  the  case  in  those  which  arise  directly  from  wounds. 

The  Dissecting  aneurysm  is  a  somewhat  interesting  form,  arising 
apparently  by  rupture  of  the  internal  coat,  and  partially  of  the 
middle.  It  sometimes  arises  from  an  injury,  and  is  thus  a  trau- 
matic aneurysm,  but  it  occasionally  occurs  spontaneously,  and  there  is 
no  form  of  aneurysm  which  is  so  frequently  multiple  as  this.  The 
author  has  met  with  a  case  in  which  there  were  four  separate  dis- 
secting aneurysms  on  the  aorta  and  its  branches.  It  may  be  in- 
ferred from  this  fact  that  in  these  cases  there  is  often  an  abnormal 
brittleness  of  the  internal  coat,  apparently  not  due  to  atheroma  or  any 
other  definite  disease  of  the  coat,  but  an  inherited  or  acquired  brittle- 
ness. The  internal  coat  is  torn  through,  and  the  blood  passes  among 
the  fibres  of  the  middle  coat.  It  is  not  that  the  middle  coat  is  dissected 
up  from  the  internal  coat,  but  the  layers  of  the  middle  coat  itself  are 
separated,  and  the  blood  lies  between  an  external  and  an  internal  layer 


I'lif.  1 10. —Dissecting  aneurysm  of  aorta.  lu  A,  a  longitudinal 
section  shows  the  two  tubes,  the  natui-al  calibre  a,  and  the  aneur- 
ysmal one  6  b,  the  latter  largely  occupied  by  clot.  The  hollow  of 
the  arch  is  largely  occupied  by  clot  at  c,  there  being  here  a  partial 
rupture  of  the  coats.  B  is  a  transverse  section.  The  proper 
calibre  is  greatly  reduced,  and  the  separation  has  e.xtended  round 
about  three  fourths  of  the  circumference.  (Prom  a  preparation 
in  the  Western  Infirmary  Museum.) 

of  the  middle  coat,  as  in  Fig.  176.  The  splitting  up  of  the  middle  coat 
may  be  carried  a  considerable  distance,  and  after  passing  along  in  the 
wall  of  the  vessel  the  blood  may  make  another  tear  in  the  interna  coat 
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and  pass  back  into  the  vessel.  The  aneurysm  may  thus  come  to  have 
two  apertures,  and  a  condition  may  occur  as  if  the  vessel  were  formed 
of  a  double  tube,  divided  longitudinally  by  a  septum  composed  of  the 
internal  and  a  part  of  the  middle  coat  (see  Fig.  175).  The  circulation 
may  even  be  carried  on  to  a  great  extent  through  the  aneurysm, 
the  blood  passing  in  at  the  original  aperture  and  out  at  the 
secondary  one.  In  that  case  the  proper  calibre  of  the  artery  may 
become  considerably  narrowed.  The  approximation  of  such  an  aneur- 
ysm in  character  to  the  regular  channel  is  still  further  increased  by  the 
fact  that  the  aneurysm  by  and  by  acquires  an  internal  lining  resembling 
the  internal  coat.  It  is  a  homogeneous  membrane  of  about  the  thick- 
ness of  the  internal  coat,  so  that  in  a  section  it  may  be  difficult,  even 
under  the  microscope,  to  say  whether  a  particular  place  is  wall  of  vessel 
or  wall  of  aneurysm  (see  Fig.  176).    In  the  case  already  referred  to,  one 


Fig.  176.— Section  of  portion  of  a  dissecting  aneurysm  of  the  aorta.  At  the  left  there  is  the 
entire  wall  of  the  artery,  a  being  external,  b  middle,  and  c  internal  coat.  The  middle  coat  ia 
split  so  as  to  form  the  aneurysm.  At  d  d,  a  kind  of  internal  coat  is  formed  to  the  aneurysm, 
but  this  is  the  seat  of  fatty  degeneration  at  e.    x  lU. 


of  the  aneurysms  began  in  the  thoracic  aorta,  and  was  continued  down 
into  the  iliac  arteries.  There  were  two  apertures,  one  in  the  thoracic, 
and  the  other  far  down  in  the  abdominal  aorta,  and  between  these  the 
aneurysm  had  evidently  carried  on  the  circulation  to  a  greater  extent 
than  the  natural  channel. 

Dissecting  aneurysms  being  confined  to  the  wall  of  the  vessel  will 
appear  externally  as  thickenings  or  dilatations  of  the  wall,  and  they 
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may  produce  bulging  or  bagging  of  the  vessel  to  a  remarkable  degree. 
Occasionally,  a  dissecting  aneurysm  tears  through  the  remaining  layers 
of  the  middle  coat  and  the  external  coat,  and  so  a  simrious  aneurysm  is 
attached  to  a  dissecting  one. 

Varicose  aneurysm  is  a  term  applied  to  the  case  in  which  an  artery  and  a  vein 
acquire  a  permanent  abnormal  communication.  It  may  arise  spontaneously  or 
traumatically.  This  form  used  to  be  not  uncommon  at  the  bend  of  the  elbow,  when, 
in  performing  venesection,  the  lancet  wounded  artery  and  vein  together.  It  occurs 
spontaneously  when  an  aneurysm  ruptures  into  a  vein.  In  some  cases  there  is  an 
actual  aneurysmal  sac  between  artery  and  vein,  and  to  this  form  the  name  Varicose 
aneurysm  is  more  properly  applied.  But  the  communication  may  be  direct,  and 
while  the  artery  is  httle  dilated  the  vein  is  enlarged,  tortuous  and  pulsating.  To 
this  form  the  name  Aneurysmal  varix  is  applied.  The  interference  with  the  venous 
current  produced  by  the  violent  injection  of  the  arterial  blood,  especially  if  it  be 
suddenly  produced,  may  lead  to  serious  venous  engorgement  and  cEdema,  which  may 
even  have  a  fatal  issue.  Spontaneous  communications  of  this  kind  have  been 
observed  between  the  aorta  and  venra  cavffi,  between  the  crural  and  popliteal 
arteries  and  the  corresponding  veins,  between  the  splenic  artery  and  azygos  vein, 
and  between  the  internal  carotid  and  the  sinus  cavernosus. 

8.  Syphilitic  and  Tubercular  affections  of  arteries.— These  arise 
usually  by  extension  of  the  infective  process  to  the  arteries  and  are 
generally  part  of  a  larger  and  more  pronounced  lesion. 

Syphilitic  affections  of  the  arteries  occur  in  the  neighbourhood  of 
gummata,  more  especially  of  the  brain  and  its  membranes.  There  is  an 
extension  of  the  specific  inflammation  to  the  walls  of  the  artery  so  that 
the  coats  are  infiltrated  with  round  cells.  The  internal  coat  may 
undergo  great  thickening  so  that  the  condition  resembles  that  in 
obliterating  endarteritis  (see  Fig.  51,  p.  196).  A  more  unusual  syphili- 
tic lesion  is  a  similar  localized  inflammation  of  an  artery  -without  the 
presence  of  a  gumma  in  the  neighbourhood.  The  artery  is  thickened 
and  has  a  cartikglnoiTs^consistence,  while  the  calibre  is  greatly  reduced. 
This  condition,(^ich  occurs  chiefly  in  the  arteries  of  the  brain, 
resembles  atheromar-of  these  vessels,  but  is  more  limited  in  its 
distribution. 

There  is  considerable  doubt  as  to  the  existence  of  a  special  gummatous  end- 
arteritis as  described  by  Heubner,  and  the  influence  of  syijhihs  in  affecting  the  arteries 
has  been  exaggerated.  A  lesion  of  an  artery  is  not  to  be  regarded  as  syphilitic 
unless  it  be  either  directly  connected  with  a  syijhilitic  lesion,  or  associated  with 
syphilitic  disease  elsewhere. 

Tuberculosis  of  organs  not  infrequently  extends  to  their  arteries. 
The  wall  of  the  artery  is  infiltrated  with  round  cells  and  its  tissue 
opened  out  and  softened.  There  may  result  aneurysm  or  even  heemor- 
rhage  although  the  advancing  tuljerculosis  usually  closes  the  artery  by 
thrombosis. 
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Literature.— Ciiisr,  Treatise  on  structure,  diseases  and  injuries  of  blood-vessels, 
1847  ;  KosTEu,  Pathogeneso  d.  Endarteritis,  1874 ;  Feiedlandee  (Arteritis  obliterans) 
Virch.  Arch.,  Ixiii.  355;  Stilling,  Heilung  durchsohlungener  Gefiisse,  1834; 
TaouA,  (Arteries  in  stumps)  Virch.  Arch.,  xciii.,  also  (Atheroma)  Virch.  Arch.,  civ., 
cv.,  cvi.;  Weber,  Pitha  and  Billroth's  Handb.,  Bd.  i.  Abth.  1 ;  Coenil  et  Eanviee, 
2nd.  ed.,  1881,  i.  598;  Paget,  Lect.  on  surg.;  Paul,  (Ossification)  Path,  trans.,  1886  ; 
Coats,  (do.)  Glasg.  Med.  Jour.,  Ap.,  1887;  Cohn,  (do.)  Virch.  Arch.,  cvi.  378. 
Aneuri/sm—BizoT,  M6m.  de  la  Soc.  mk\.  d' observation,  vol.  i.,  1836;  Hodgson, 
Lect.  on  dis.  of  art.  and  veins,  1815 ;  Ceisp,  1.  c;  Beoca,  Des  aneurysmes,  1856  ; 
KosTER,  Berl.  KHn.  Wochenschr.,  1879.  Sy/'/'ife— Allbutt,  St.  Geo.  Hosp.  Eep. 
iii.,  iv.;  Heubner,  Die  luetische  Erkrankung  der  Hirnarterien,  1874;  Baumgaeten, 
Virch.  Arch.,  Ixxiii.;  Huber,  do.,  Ixxix. 

II.— DISEASES  OF  THE  VEINS. 

1.  Thrombosis. — This  is  of  very  frequent  occurrence  in  veins.  The  full 
description  of  this  process  in  a  previous  section  applies  especially  to  the 
veins.  As  the  blood  in  the  veins  is  normally  at  a  low  pressure  and 
flows  slowly,  it  is  readily  brought  to  a  standstill,  especially  in  the 
pouches  of  the  valves.  Hence,  any  cause  which  produces  prolonged 
passive  hypersemia  or  weakness  of  the  circulation  is  apt  to  induce 
thrombosis.  Thrombosis  is  also  a  result  of  inflammation  of  veins,  such 
inflammation  being  mostly  septic. 

Thrombosis  induces  an  Inflammation  of  the  wall  of  the  vein, 
whether  the  thrombus  be  specially  irritating  or  not.  In  the  case  of  a 
simple  thrombus  its  presence  induces  a  chronic  inflammation  which 
extends  through  the  wall  of  the  vein  to  its  adventitia  and  surrounding 
connective  tissue.  There  are  thixs  Adhesions  formed  between  the  vein 
and  its  sheath,  and  these  may  extend  to  the  sheath  of  the  neighbouring 
artery,  causing  considerable  matting  around.  A  vein  containing  an  old 
thrombus  is  therefore,  as  a  rule,  somewhat  difficult  to  dissect  clean 
from  the  surrounding  tissue. 

2.  Inflammation  of  veins.  Phlebitis.— The  simplest  form  of  phlebitis 
is  that  just  referred  to  in  which  a  thrombus  causes  a  chronic  inflamma- 
tion of  the  wall  of  the  vein.  We  may  also  have  an  inflammation  of  the 
wall  from  inflammations  in  the  neighbourhood  which  may  or  may  not 
induce  thrombosis  secondarily. 

Septic  phlebitis  or  Thrombo-phlebitis  is  a  condition  formerly  of 
frequent  occurrence  and  much  discussed  in  medical  literature.  This 
condition  mostly  results  from  the  entrance  of  septic  matter  into  a  vein, 
whose  mouth  lies  open  in  a  wound,  hut  it  may  occur  from  the  exten- 
sion of  a  septic  inflammation  along  the  sheath  of  the  vein  and  thence 
inwards. 

Septic  matter  introduced  into  the  calibre  of  a  vein  induces  coagula- 
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tion  of  the  blood  which,  from  the  circumstances  of  the  case,  is  usually 
already  stagnant.  The  thrombus  thus  formed  is  not  a  simple  one,  but 
contains  septic  microbes,  namely,  pyogenic  micrococci.  There  is  thus  a 
strong  irritant  inside  the  vein,  and  this  induces  an  acute  inflammation  of 
its  wall.  There  is  an  exudation  of  leucocytes  and  of  blood-plasma, 
which  accumulate  in  the  interstices  of  the  wall  and  infiltrate  the 
external  and  middle  coats.  The  exudation  rapidly  becomes  purulent, 
and  the  coats  are  still  further  opened  out.  Viewed  from  Avithin  there 
may  be  little  collections  of  pus  visible  beneath  the  internal  coat  like 
pustules.  The  pus  passes  into  the  calibre  of  the  vein,  and  as  the 
thrombus  softens  the  vein  will  often  come  to  be  filled  with  pus.  The 
softening  of  the  thrombus  is  partly  the  effect  of  the  pus,  but  is  partly 
also  from  septic  decomposition.  The  contents  of  the  vein,  by  the 
softening  of  the  thrombus,  are  allowed  to  pass  into  the  circulation, 
although  fresh  thrombosis  may  from  time  to  time  shut  them  off.  The 
phenomena  of  PysBmia  result  from  the  carriage  of  septic  matter  by  the 
blood  and  the  consequent  infection  of  distant  parts.  From  the  veins, 
the  most  direct  connection  is  vnth  the  lungs  where  septic  embolism  is 
set  up.  But  there  is  frequently  an  extension  beyond  the  lungs  by  the 
systemic  arteries  to  heart,  kidneys,  etc. 

Literature.— Hunter,  Works,  edited  by  Palmer,  1837,  iii.  581 ;  Hodgson,  Dis.  of 
art.  and  veins,  1815 ;  Eokitansky,  Handb.  d.  path.  anat.  ii.,  1844 ;  Vibchow,  Ges. 
Abhandl.,  1857  ;  Ebelino,  Ueber  phlebitis,  1880  ;  Panton,  Uterine  phlebitis,  Glasg. 
1840 ;  Lee,  Origin  of  infl.  of  veins,  1850. 

3.  Varix  or  Phlebectasis.— Varix  is  dilatation  of  veins  just  as 
aneurysm  is  dilatation  of  arteries. 

Causation. — We  saw  that  some  weakening  of  the  wall  is  always 
necessary  to  the  occurrence  of  aneurysm,  but  no  such  condition  is 
required  in  the  production  of  varicose  veins.  The  walls  of  veins  are 
already  thin,  and  the  blood-pressure  within  them  is  low.  '  In  the  case 
of  the  veins  of  the  skin  we  are  familiar  with  the  fact  that,  as  a  rule,  the 
blood-jDressure  is  not  sufficient  to  overcome  the  atmospheric  pressure  to 
any  considerable  extent  and  the  veins  are  flattened  or  partially  collapsed, 
a  slow  and  weak  current  passing  through  them.  The  circulation  must 
be  considerably  excited,  or  the  veins  must  be  obstructed  in  order  to 
make  them  stand  out  as  cylinders  under  the  skin.  Such  being  the  case 
it  may  be  conceived  that  the  thin- walled  veins,  accustomed  to  a  slight 
blood-pressure,  will  readily  dilate  when  exposed  to  an  increased  blood- 
pressure.  Varix  is  always  due  to  some  cause  which  is  calculated  to 
increase  the  blood-pressure  Avithin  the  veins,  such  as  obstruction  of  the 
veins  by  thrombi,  tumours,  the  gravid  uterus,  passive  hyperajmia  from 
heart  disease,  and  so  on.    It  should  be  added,  however,  that  the 
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tendency  to  varicose  veins  is  often  transmitted  by  inheritance,  so  that 
there  may  be  a  certain  weakness  of  the  walls  allowing  of  more  readj^ 
dilatation  from  comparatively  trivial  causes. 

Character  of  the  changes. — In  the  early  stages  of  varix,  as  we  have 
frequently  an  opportunity  of  seeing  it  in  the  legs,  there  is  simjDly  an 
exaggeration  of  this  natural  dilatation  above  the  valves.  When  we 
stand  erect  the  column  of  blood  in  the  veins  of  the  legs  is,  as  it  were, 
supported  at  each  valve,  and  the  downward  pressure  tells  on  the  valve 
and  the  portion  of  the  vessel  forming  the  valvular  sinus.  Hence  this 
part  of  the  vessel  is  the  first  to  dilate  when  the  blood-pressure  is 
increased,  and  the  first  sign  of  varix  is  an  exaggeration  of  the  knotted 
state  of  the  vein.  At  the  outset  each  valve  forms  a  kind  of  fixed  point, 
the  dilatation  occui'ring  at  its  level,  and  diminishing  as  the  valve  next 
above  is  approached.  As  the  dilatation  increases  and  extends  up  from 
the  valve,  the  vein  increases  in  length  as  well  as  in  calibre,  and  in  order 
to  be  accommodated  it  begins  to  form  Curves  or  Convolutions.  Thus 
begin  those  sinuosities  which  are  so  characteristic  of  varicose  veins,  and 
•which  tend  to  increase  as  time  goes  on.  The  dilatation  of  the  vein  has 
a  tendency  to  render  the  valves  incompetent,  and  this  occurs  all  the 
sooner  as  the  region  of  the  valves  is,  as  we  have  seen,  the  part  where  the 
pres.sure  is  most  exercised.  When  the  valves  become  incompetent  the 
pressure  tells  much  more  on  the  walls  of  the  veins,  as  the  column  of 
blood  is  now  arrested  at  longer  intervals.  The  pressure  acts  most  on  the 
dependent  parts  of  the  sinuosities,  and  will  increase  the  projection  of 
these.  In  this  way  we  may  have  wide  sinuses  with  their  convexity 
downwards,  and  in  some  cases  even  diverticula  or  pouches  projecting 
from  the  veins.  In  these  exaggerated  dilatations  the  blood  stagnates 
greatly,  and  it  is  not  uncommon  for  Thrombosis  to  occur.  The  vein  is 
obstructed  more  or  less  completely  by  the  thrombus,  which  may 
organize.  On  the  other  hand,  the  latter  often  dries  in  and  becomes  im 
pregnated  with  lime  salts.  In  this  way  varicose  veins  frequently 
become  the  seat  of  vein-stones  or  Phleboliths. 

Chronic  inflammation  is  common  in  the  tissues  around  varicose 
veins  wherever  they  may  l^e,  and  so  in  the  skin  we  often  have  very 
persistent  eczema  with  a  brown  coloration  of  the  skin,  which  may  be 
referred  to  haemorrhage  by  diapedesis  from  the  hypersemic  vessels. 
The  .skin  is  indurated  and  thickened,  and  this  alona:  with  the  swelling 
of  the  veins  may  be  so  great  as  to  produce  an  appearance  like  that  in 
elephantiasis.  Ulceration  is  often  induced,  and  the  ulcer  is  sometimes 
deep  and  sluggish  and  may  persist  for  years. 

A  varicose  vein  may  burst.  It  may  be  opened  by  the  ulcerative  pro- 
cess, or  it  may  come  to  the  surface  and  by  its  increasing  dilatation  at  last 
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rupture.  In  the  case  of  the  leg  the  results  are  sometimes  exceedingly 
serious.  As  one  effect  of  the  dilatation  is  to  render  the  valves  incom- 
petent, the  veins  of  the  entire  leg  may  come  to  be  virtually  devoid  of 
valves.  But  the  veins  in  the  abdomen  are  normally  devoid  of  valves,  and 
so  it  may  happen  that  from  the  lower  leg  up  to  the  heart  there  may  be 
a  single  column  of  blood  without  an  arresting  valve.  If  now  a  vein 
rupture  in  the  leg,  the  whole  system  up  to  the  heart  may  be,  as  it  were, 
tapped,  and  if  the  person  is  in  the  erect  posture  a  fatal  haemorrhage 
may  result.  The  haemorrhage  will  cease  if  the  person  lies  down,  but 
cases  have  been  known  in  which  an  immense  amount  of  blood  has  been 
shed  into  the  boots  Avithout  warning. 

Hsemorrhoids  are  varicose  veins  of  the  lower  rectum.  At  the 
lower  part  of  the  rectum  a  network  of  small  veins  surrounds  the  bowel, 
lying  immediately  under  the  mucous  membrane.  These  veins  com- 
municate with  the  inferior  mesenteric  vein  which  is  a  tributary  of  the 
portal,  and  with  the  internal  iliac  which  is  a  tributary  of  the  vena  cava. 
Any  obstruction  in  the  portal  circulation,  or  abnormal  pressure  -ndthin 
the  abdomen  is  apt  to  induce  dilatation  of  this  hsemorrhoidal  plexus.' 
The  dilated  veins  push  the  mucous  membrane  before  them  and 
protrude  as  bluish  flat  nodules  either  immediately  within  or  without 
the  anus.  They  may  assume  considerable  dimensions.  The  knots 
are  composed  originally  of  a  congeries  of  small  convuluted  veins 
(Fig.  177  b),  which  may  communicate  so  as  to  form  a  Idnd  of 
cavernous  tissue,  but  sometimes  there  are  large  ones  (Fig.  177  a). 


Fig.  177. — HsBmorrhoids  of  rectum,  in  section,  natural  size.  is  internal  surface  of 
voctum,  and  hi  tlie  mucous  membnuie  continued  over  tlie  haitnorrlioiJ.  At  m'  is  repre- 
sented tlie  muscular  coat,  the  dilated  veins  being  in  the  submucous  tissue.  At  .-1,  the 
veins  are  few  but  much  dilated,  one  especially  so,  just  beneath  the  mucous  membrane. 
At  Jl,  the  dilated  veins  are  more  numerous,  but  smaller.    Both  occurred  in  the  same  case. 

(ViRCUOVV.) 

Through  time  the  mucous  membrane  undergoes  alterations.  The  piles  at 
each  movement  of  the  bowels  are  exposed  to  mechanical  irritation,  and 
so  the  mucous  membrane  is  almost  constantlj?-  in  a  state  of  catarrh.  Then 
at  intervals,  when  the  blood-pressure  is  unusually  great  by  reason  of 
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an  attack  of  inflammation  or  otherwise,  the  veins  rupture,  and  so  there 
is  bleeding  both  in  the  substance  of  the  mucous  membrane  and  on 
to  the  surface.  The  haemorrhoids  thus  get  greatly  altered.  They 
become  condensed  from  inflammatory  ne^vformation  of  connective 
tissue.  They  sometimes  become  the  seat  of  collections  of  blood,  which 
may  form  blood-cysts.  Phleboliths  may  also  form  in  the  veins.  More 
severe  inflammations  sometimes  occur,  resulting  in  abscesses,  fissures, 
fistulas,  ulcers. 

"Varicocele  is  a  dilatation  of  the  veins  of  the  spermatic  cord  and 
the  external  scrotal  veins.  It  aff"ects  in  a  greatly  preponderating 
proportion  the  left  side,  the  explanation  of  this  being  apparently  that 
the  left  spermatic  vein  has  a  circuitous  course,  and  enters  the  renal  vein 
at  a  right  angle,  while  the  right  opens  into  the  lower  vena  cava.  The 
varicosity  generally  begins  at  the  external  inguinal  ring,  and  extends 
downwards  as  far  as  the  testicle.  There  is  not  infrequently  atrophy  of 
the  testicle,  and  sometimes  hydrocele  or  hsematocele. 

Varix  may  occur  in  other  veins,  such  as  those  of  the  neck  of  the 
bladder  and  prostate.  It  is  also  met  with  in  the  female  in  the  vesical 
plexus  and  veins  of  the  vagina,  and  this  may  be  combined  with  varix  of 
the  broad  ligament.  Varicosity  also  occurs  in  the  veins  of  the  dura 
mater. 

4.  Newformations  in  veins.— Syphilis  rarely  attacks  veins,  but  a 
gummatous  inflammation  has  been  observed  in  the  portal  vein  and  in 
the  umbilical  vein  in  new-born  children.  Leprosy  may  attack  the  large 
veins  of  the  extremity. 

Tuberculosis  afi"ects  veins  in  organs  which  are  the  seat  of  this  process, 
and  produces  results  similar  to  those  in  arteries.  As  the  walls  of  veins 
are  thin  the  process  more  readily  penetrates  to  their  calibre,  and  the 
tubercular  bacillus  may  thus  find  entrance  to  the  blood.  Tuberculosis 
of  veins  is  the  most  frequent  cause  of  general  tuberculosis,  as  already 
described. 

Primary  tumours  of  veins  are  excessively  rare.  A  few  cases  of  small 
Myomata  have  been  described,  and  a  larger  tumour  which  was  regarded 
as  a  myo-sarcoma  (Perl).  Tumours  not  infrequently  penetrate  into 
veins,  on  account  of  the  thinness  of  their  walls,  but  do  not  produce 
tumours  in  them. 

Literature.— BnoDiE,  Lectures  on  Path,  and  Surgery,  1846 ;  Nunn,  Varicose  veins 
and  ulcers,  1852  ;  Ch^vpman,  On  varicose  veins,  1856  ;  Gay,  Varicose  dis.  of  lower 
extrera.,  1868 ;  A.  Cooper,  On  spermatocele,  Guy's  Hosp.  Eep.  vol.  iii.;  Viechow, 
Virch.  Arch,  iii.;  Cohnheim,  do.,  xxxvii.;  Koster,  (Phlebectasis  in  intestine)  Berl. 
Klin.  Wochenschr.,  1879;  Lesser,  Virch.  Arch.  ci. ;  Epstein,  do.,  cviii. ;  Perl, 
Virch.  Arch.  liii. 
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SECTION  I.— Continued. 

C— DISEASES  OF  THE  LYMPHATIC  SYSTEM,  SPLEEN, 
AND  BONE-MARKOW. 

I.  The  Lymphatic  Vessels. — Inflammations.  Dilatations.  Obstruction  of  th< 
thoracic  duct.  Cancerous  obstruction.  II.  The  Lymphatic  Glands.— jTAtr/ 
structure,  and  general  pathology.  Pigmentation  leading  to  induration.  De 
generations.  Acute  lymphadenitis,  Bubo.  Chronic  lymphadenitis.  Tubercu- 
losis, primary  and  secondary.  Syphilis.  Tumours.  III.  The  Spleen. 
structure.  Malformatioris  and  Malpositions.  Active  congestion  and  inflamma- 
tion; the  acute  splenic  tumour.  Chronic  inflammation;  the  chronic  splenic 
tumour.  Passive  hypercemia.  The  embolic  infarction.  Pupture.  Amyloid 
disease;  the  sago  spleen  ;  the  lardaceous  or  waxy  spleen.  Tuberculosis,  syphilis, 
and  tumours.    IV.  Some  aefections  oe  the  bone-makho-w. 

I.— THE  LYMPHATIC  VESSELS. 

WE  have  already  had  occasion  to  observe  that  the  lymphatic  system 
is  intimately  related  to  the  blood-vascular  system,  and  may  be 
regarded  as  a  part  of  it.  We  have  also  seen  that  this  system  has  close 
relations  to  the  connective  tissue,  the  spaces  in  the  latter  being  lymph 
spaces  lined  with  endothebum  and  having  direct  connections  with  the 
lymphatic  vessels.  Wherever  there  is  increased  exudation  from  the 
blood-vessels  the  serous  spaces  and  lymphatic  vessels  are  distended, 
and  the  current  through  them  increased.  We  have  seen  this  to  be  the 
case  in  inflammations  and  oedemas. 

Inflammation  of  the  lymphatics.  Lymphangeitis.— The  lympha- 
tics are  liable  to  inflammations  of  a  more  independent  kind,  and 
warranting  the  name  lymphangeitis.  In  order  to  such  inflammation 
there  must  be  in  the  vessels  some  irritant,  and  the  irritant  is  similar  to 
that  which  we  find  in  the  veins  in  suppurative  phlebitis,  namely  a  septic 
poison.  In  connection  with  wounds  which  have  been  exposed  to 
decomposing  juices,  such  as  dissecting  wounds,  we  sometimes  find  the 
course  of  the  lymphatic  vessels  marked  by  red  streaks  in  the  sldn. 
These  represent  inflammation  of  the  lymphatics  and  surrounding  con- 
nective tissue.  The  inflammation  not  infrequently  goes  on  to  suppura- 
tion, so  that  abscesses  form  at  intervals  in  the  course  of  the  vessels  or  in 
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the  lymphatic  glands.  The  inflammation  is  due  to  the  jjresence  of 
pyogenic  microbes  which  propagate  inside  the  vessels  and  so  cause  the 
inflammation  to  extend. 

Erysipelas  and  other  phlegmonous  inflammations  of  the  skin  are 
inflammations  primarily  of  the  lymphatics  and  of  the  serous  sjDaces  which 
form  the  radicles  of  the  lymphatics.  Microbes  are  present  in  the 
lymphatics  of  the  skin  in  such  cases  (see  under  Diseases  of  the  Skin) 
and  they  may  be  so  numerous  as  to  render  the  lymphatic  vessels  as  well 
as  the  serous  spaces  peculiarly  prominent,  when  the  sections  have  been 
stained  by  aniline  dyes.  The  phlegmonous  inflammation  of  the  parotid 
which  occasionally  occurs  in  cases  of  septic  wounds  is  probably  of  a 
similar  nature.  Epidemic  parotitis  (mumps)  may  perha,ps  be  placed  in 
the  same  category. 

We  have  already  seen  that  Elephantiasis  frequently  begins  in  re- 
current attacks  resembling  erysipelas,  in  which  the  lymphatic  vessels 
are  obviously  engaged.  There  are  often  red  streaks  passing  up  the 
limb,  and  the  lymphatic  glands  may  be  enlarged.  The  irritation  here 
is  slighter  and  more  chronic.  The  inflammation  results  in  great  thick- 
ening of  the  connective  tissue,  but  there  is  often  along  with  it  dilatation 
of  the  lymphatic  vessels,  so  that,  when  the  part  is  cut  into,  an  abundant 
lymphatic  fluid  exudes  which  sometimes  contains  oil. 

Lymphangiectasis.— The  lymphatic  vessels  are  occasionally  the  seat 
of  dilatation.  Obstruction  of  a  lymphatic  stem  may  produce  a  varicose 
dilatation  of  the  vessels,  and  even  their  rupture.  We  have  already  seen 
this  to  be  the  case  when  the  lymphatics  are  obstructed  by  the  ova  of  the 
filaria  sangiiinis,  resulting  in  Lymph-scrotum,  Chyluria,  etc.  In  the 
enlargement  of  the  tongue  called  Macroglossia,  which  is  frequently 
congenital,  there  is  commonly  a  great  enlargement  of  the  lymphatics, 
which  may  form  considerable  cysts.  The  dilatation  here  appears  to  be 
due  to  obstruction  of  the  lymphatics  from  interstitial  inflammation  of 
the  connective  tissue,  although  a  diff"erent  origin  has  been  asserted. 

There  is  sometimes  a  localized  dilatation  of  many  lymphatics  so  as 
to  form  a  distinct  vascular  tumour.  These  tumours  are  usually  cavern- 
ous in  structure  and  are  classed  as  Cavernous  lymphangiomas.  Some- 
times they  develop  actual  cysts,  which  arc  filled  with  serous  fluid,  and 
are  designated  Hygromas. 

Infective  and  other  tumours.— Tuberculosis  of  the  lymjohatics  arises 
by  extension  from  neighbouring  parts.  This  is  sometimes  of  importance 
as  the  tuljerculosis  may  pass  on  by  the  lymphatics  to  the  blood,  more 
particularly  if  the  thoracic  duct  be  affected.  (See  under  General 
Tuberculosis,  p.  207.) 

We  sometimes  find  lymphatic  vessels  dilated  in  the  neighbourhood 
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of  a  Cancer,  the  material  in  the  vessels  being  derived  from  the  tumour. 
This  occurs  mostly  in  the  case  of  cancers  which  are  undergoing  soften- 
ing. It  is  most  frequently  seen  in  connection  with  mammary  cancers,  ! 
where  the  lymphatics  may  have  the  form  of  firm  cylinders  as  large  as 
quills,  filled  with  white  material.  The  same  thing  is  seen  in  the  case  of 
secondary  cancer  of  the  lung,  where  there  are  nodules  immediately 
under  the  pleura.  The  subpleural  lymphatics  around  the  nodule  are 
found,  as  it  were,  injected  with  white  material.  So  is  it  sometimes  in 
the  capsule  of  the  liver  when  cancerous  nodules  are  near  the  surface. 
These  naked-eye  appearances  indicate  how  prone  cancerous  material  is 
to  pa.ss  into  the  lymphatics,  and,  under  the  microscope,  at  the  margins 
of  a  growing  cancer  the  lymph-spaces  may  sometimes  be  found  fiUed 
with  the  epithelial  masses.    (See  under  Cancer,  p.  266.) 

Obstruction  of  the  thoracic  duct.— This  is  not  an  infrequent  accident, 
arising  from  various  causes,  such  as  pressure  of  tumours,  aneurysms,  etc., 
in  its  neighbourhood,  but  more  particularly  from  thrombosis  of  the 
jugular  and  innominate  veins.  Experiments  on  animals  show  that 
ligature  of  the  duct  leads  to  dilatation  and  sometimes  to  rupture  of  its 
dilated  origin  in  the  abdomen,  which  forms  the  cysticerna  chyli  (Cooper). 
In  man  there  may  be  a  similar  rupture,  either  in  the  abdomen  or  pleura,  ] 
leading  to  accumulation  of  fluid  in  these  cavities.  As  the  fluid  in  the 
thoracic  duct  contains  fat,  the  exudation  in  the  peritoneum  or  pleiu-a 
will  be  chylous  (see  Chylous  Ascites  and  Hydrothorax).  Rupture  is, 
however,  only  an  occasional  result  of  obstruction  of  the  duct,  as  the 
anastomosing  connections  may  compensate,  so  that  there  may  even  be 
comparatively  little  dilatation. 

Literature.— Velpeau,  Arch.  g6n.  cTe  m6d.,  1835,  viii.;  BHESCHET,Le  syst^me  lym- 
phatique,  1836 ;  Cabtee,  (Lymphangiectasis  and  elephantiasis)  Trans,  of  Med.  Soc. 
of  Bombay,  1861 ;  Israel,  Ueb.  Lymphangioma,  1885  ;  Bradley,  Injuries  and  dis.  of 
lymphatic  system,  3rd  ed.,  1875;  Coopee,  Med.  records  and  researches,  1798;  Boge- 
HOLD  (Injmies  of  thor.  duct),  Arch.  f.  klin.  Chirurg.,  xxix.  443 ;  Coats,  Museum 
Catal.  of  Western  Infirmary,  pp.  56,  56  (Obstr.  of  thor.  duct  from  thrombosis  of  jug. 
vein,  2  specimens). 

II.— THE  LYMPHATIC  GLANDS. 
All  lymphatic  vessels  connect  themselves  directly  with  lymphatic 
glands  so  that  no  lymph  passes  into  the  circulation  without  first 
traversing  a  lymphatic  gland.  Dissolved  substances  introduced  into 
the  serous  spaces  of  the  skin  and  subcutaneous  tissue  are  rapidly  carried 
up  the  lymphatics  and  through  the  glands  into  the  general  circulation ; 
this  is  matter  of  experience  every  day  in  the  subcutaneous  injection  of 
medicinal  agents.  Granular  material,  however,  does  not  pass  through 
the  glands,  which  form  a  filter  for  all  solid  particles. 
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The  apparatus  by  which  the  Filtration  of  the  lymph  is  effected  is  illustrated  in  Fig. 
178.  When  the  afferent  lymphatic  vessel  coming  from  the  periphery  reaches  the 
gland,  it  first  forms  a  plexus  in  the  capsule.  On  the  other  hand  the  efferent  vessel 
emerges  from  a  plexus  of  vessels  at  the  hilus,  and  this  plexus  is  connected  with  the 
medullary  portion  of  the  gland.  In  passing  from  the  afferent  to  the  efferent  vessel 
the  lymph  traverses  a  series  of  sinuses  c,  c,  in  figure.  The  sinuses  are  not  clear 
spaces  but  contain  a  reticulum  or  mesh  work  shown  in  the  figure.    These  sinuses 


Fig.  173. — Section  of  normal  lymphatic  gland;  a,  a,  a,  follicular  or  lymphoid  cords;  c,  c,  lymph 
sinuses;  6,  6,  connective-tissue  trabeoulse ;  d,  d,  blood-vessels,    x  300.  (Reckhngoausen.) 


surround  the  proper  glandular  tissue  which  is  in  the  form  of  rounded  follicles  or 
cords  composed  of  densely  packed  lymph  cells  (a,  a,  in  figure).  The  lymph  first 
passes  from  the  afferent  plexus  into  the  sinuses  of  the  cortex,  then  into  those  of  the 
medullary  part,  where  originate  the  radicles  of  the  efferent  vessel.  The  sinuses 
being  occupied  by  the  fine  reticulum  will  catch  solid  particles  brought  to  the  gland, 
and  such  particles  will  therefore  be  most  readily  caught  at  the  cortical  portion  of 
the  gland. 

In  the  normal  gland,  according  to  the  researches  of  Flemming  and  Baumgarten 
there  is  an  active  newformation  proceeding  by  means  of  Karyomitosis.  This  occurs 
at  a  number  of  centres  in  the  cortex  whose  cells  are  less  deeply  stained  than  those 
elsewhere,  but  in  which  the  nuclear  figures  of  karyomitosis  are  visible.  There  is 
also  nuclear  division  in  other  parts,  but  to  a  less  degree.  These  appearances  probably 
mdicate  the  newformation  of  leucocytes. 

In  the  operation  of  Tattooing  granular  pigment,  such  as  Indian  ink 
or  vermilion,  is  introduced  into  the  skin.     Part  of  it  remains  perman- 
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ently  in  the  corium,  but  part  is  conveyed  up  the  lymphatics  and  is 
caught  by  the  glands,  where  it  remains  fixed. 

So  it  is  in  pathological  conditions.    The  lymphatic  glands  are  very  ' 
frequently  associated  in  morbid  processes  which  are  occurring  in  parts 
in  which  the  vessels  passing  to  the  glands  take  origin.    Dissolved  and 
solid  materials  are  thus  conveyed  to  the  glands,  and  according  to  the 
nature  of  the  material  will  it  affect  the  gland  or  not.    In  Septic  in- 
flammations, for  example,  the  microbes  are  often  conveyed  to  the 
glands  and  produce  inflammation  there.    As  these  are  in  the  form  of 
fine  particles  they  are  arrested  at  the  gland,  and  the  inflammation  makes 
a  pause  there  only  to  proceed  farther,  if  the  organisms  propagate 
onwards.    But  even  in  the  case  of  Simple  inflammations,  although  the 
products  are  for  the  most  part  dissolved,  still  they  are  frequently  of  an 
irritating  nature  and  the  glands  inflame.    We  have  seen  also  that  solid 
material  from  cancers  is  often  conveyed  along  the  lymphatic  vessels  and 
is  caught  at  the  glands. 

In  all  these  cases  the  material  may  produce  no  irritation  in  the  lym- 
phatic vessels  along  which  it  is  being  conveyed.  If  concentrated  or 
very  virulent  it  will  do  so,  but  it  often  does  not,  and  in  that  case  a  wide 
interval  of  healthy  structure  intervenes  between  the  primary  disease  and  ' 
the  lymphatic  gland.  Hence  it  is  common  to  speak  of  the  disease  being 
conveyed  to  the  glands  by  metastasis.  Indeed,  most  of  the  lesions  to 
which  the  glands  are  liable  are  secondary  to  diseases  elsewbere,  but 
there  are  some  which  may  be  regarded  as  idiopathic. 

Degenerative  changes  in  the  glands  are  not  of  common  occurrence 
apart  from  tuberculosis  and  syphilis.    Amyloid  disease  is  the  com- 
monest form  of  degeneration,  but  it  does  not  usually  occur  in  a  high 
degree,  and  it  is  only  occasionally  that  the  glands  are  enlarged  and . 
rendered  firmer  by  the  degeneration.    For  the  most  part  it  is  detected ! 
only  when  the  glands  are  examined  microscopically  Avith  the  aid  oft 
iodine  or  methylviolet.     The  disease  appears  to  attack  mainly  the- 
reticulum  of  the  gland,  and  one  can  sometimes  make  out  the  swolleni 
hyaline  netAvork,  or  even  detect  how  the  normal  reticulum  swells  out>t 
into  the  degenerated  network.  In  old  persons  a  Colloid  or  Hyaline  de- 
generation is  met  with.    The  gland  shows  a  series  of  alveoli  filled  ynth: 
colloid  material,  or  the  blood-vessels  and  trabecular  of  the  gland  becomes 
hyaline,  the  appearance  resembling  that  in  amyloid  disease  but  Anthout* 
the  reaction. 

Pigmentation  of  the  glands.— We  have  seen  boAv  pigment  artificially^ 
introduced  into  the  lymphatics,  is  arrested  at  the  glands.  Similarly,- 
carbonaceous  pigment  is  carried  from  the  lungs  and  deposited  in  tho 
bronchial  glands.     Again,  in  cases  of  extravasation  of  blood,  or  ini' 
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inflammations  with  considerable  haemorrhage,  the  red  corpuscles  are 
conveyed,  sometimes  in  large  numbers,  to  the  glands,  Avhich  may  thus 
be  deeply  coloured.  The  dissolved  colouring  matter  in  haemorrhages 
may  also  be  conveyed  and  stain  the  glands. 

The  pigment  is  carried,  in  part  at  least,  by  the  lymphoid  cells,  which 
are  to  be  found  in  the  lymphatic  fluid.  Arrived  at  the  gland,  the  jDigment 
is  first  caught  by  the  stellate  cells  which  form  the  reticulum  in  the 
sinuses  of  the  cortex,  and  hence  in  the  earlier  stages  we  may  have  the 
sinuses  marked  out  by  the  jjigmentation.  If  it  continues  to  arrive  at 
the  gland,  it  extends  into  the  follicles  and  finally  the  whole  gland  may 
be  deeply  and  uniformly  coloured.  When  present  in  such  quantity  the 
pigment,  although  generally  non-irritating,  jjroduces  a  Chronic  inflam- 
mation. There  is  increase  of  the  connective  tissue  formins^  the  trabe- 
culae,  and  a  corresponding  atrophy  of  the  glandular  follicles.  The 
afiected  gland  in  addition  to  the  pigmentation  is  enlarged  and  hard,  and 
in  this  state  it  is  probably  to  a  large  extent  stuffed  up  by  the  pigment 
and  rendered  impervious.  When  this  is  the  case  the  lymph  j^robably 
passes  by  anastomosing  vessels  to  other  glands  which  in  their  turn  be- 
come pigmented.  In  this  way  we  may  explain  how  pigmentation 
sometimes  extends  from  gland  to  gland  in  the  central  direction.  Thus 
in  anthracosis  of  the  lungs  we  may  have  not  only  the  bronchial  glands 
but  also  those  of  the  mediastinum,  and  even  those  of  the  abdomen  and 
at  the  porta  of  the  liver  pigmented. 

What  has  been  said  in  regard  to  pigment  applies  also  to  other  solid 
materials  introduced  similarly  into  the  lymphatics.  In  stone-masons 
the  particles  of  stone  which  get  into  the  parenchyma  of  the  lung  are  in 
part  carried  to  the  glands,  where  they  produce  similar  changes  to  those, 
mentioned,  but  even  more  readily,  as  from  their  mechanically  irritating 
characters  they  are  more  apt  to  i^roduce  chronic  inflammation. 

Acute  inflammation  of  lymphatic  glands,  Lymphadenitis. — As 
already  indicated,  this  condition  is  nearly  always  a  result  of  inflamma- 
tion in  the  peripheral  parts  from  which  the  vessels  come  to  the  gland. 
The  enlarged  and  inflamed  gland  is  called  a  Bubo.  The  most  serious  of 
the  acute  inflammations  are  connected  with  infective  processes,  as  in  the 
case  of  dissecting  wounds,  erysipelas,  phlegmonous  inflammations,  diph- 
theria, scarlet  fever,  splenic  fever,  and  the  plague  (Bubo-plague). 

The  inflamed  gland  is  enlarged,  its  vessels  hyperasmic,  and  the  tissue 
softened.  The  enlargement  is  due  to  a  great  increase  of  lymphoid  cells 
which  accumulate  largely  in  the  sinuses.  The  stellate  cells  forming  the 
reticulum  of  the  sinus  also  swell,  and  their  nuclei  divide.  The  sources 
of  the  added  lymphoid  cells  are  several.  They  arise  by  division  of  the 
existing  cells  of  the  gland,  as  evidenced  by  the  observation  of  karyo- 
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mitosis  in  these  cells ;  but  they  have  their  origin  in  part  in  the  emigra- 
tion of  white  corpuscles  from  the  blood-vessels  in  the  gland,  and 
further,  the  primary  inflanmiation  of  the  periphery  may  send  its 
contingent.  The  inflammation  may  subside  and  the  gland  return  to  its 
normal  condition ;  the  new-formed  cells  may  possibly  pass  on  into  the 
efferent  vessel  and  be  disposed  of  in  the  circulation. 

Not  infrequently  suppuration  occurs;  the  tissue  of  the  gland  breaks 
down  and  an  abscess  is  the  result.  "We  have  thus  a  Suppurating  bubo. 
The  inflammation  usually  extends  to  the  capsule  and  surrounding  tissue 
which  become  involved  in  the  suppuration.  In  this  waj'^  the  abscess 
advances,  and  the  pus  is  finally  discharged  at  a  surface.  It  is  a  common 
occuiTence  for  such  abscesses  to  discharge  on  the  surface  of  the  body, 
but  they  may  burst  into  bronchi,  into  serous  cavities,  etc.  Some  of 
these  severe  inflammations  have  a  hasmorrhagic  and  even  a  necrotic  or 
gangrenous  character. 

Chronic  lymphadenitis. — This  term  is  sometimes  used  so  as  to  include 
conditions  occurring  in  leukaemia,  Hodgkin's  disease,  and  scrofulous  dis- 
ease of  the  glands.  These,  however,  belong  to  special  categories,  and 
the  name  is  projDerly  used  for  a  simple  chronic  inflammation  in  connec- 
tion with  prolonged  irritation  of  the  glands.  This  is  most  directly  pro- 
duced by  the  introduction  of  foreign  substances,  where  the  solid  particles 
are  conveyed  to  the  glands  (see  above).  It  occurs  also  in  connection 
with  prolonged  peripheral  irritation,  as  where  an  eczema  of  the  leg  or 
the  scalp  produces  an  enlargement  of  the  corresponding  glands.  The 
inflammation  here  results  in  increase  of  the  entire  elements  of  the  gland, 
or  else  in  a  prejDonderating  increase  of  the  connective-tissue  stroma 
with  atrophy  of  the  proper  gland  tissue  and  induration  of  the  gland. 

Tuberculosis  of  the  lymphatic  glands  (Scrofula). — Tuberculosis  occurs 
in  the  lymphatic  glands  as  elsewhere,  by  the  action  of  the  tubercular 
bacilli.  In  some  cases  there  is  an  obvious  propagation  of  these  micro- 
organisms from  an  existing  local  tuberculosis  at  the  periphery,  but  there 
are  many  cases  Avhere  the  primary  seat  appears  to  be  in  the  glands. 

Primary  tuberculosis  occurs  for  the  most  part  in  glands  which  have 
connections  with  mucous  membranes  having  absorbent  functions. 
There  is  usually  at  the  outset  catarrh  of  the  mucous  membrane,  and  it 
may  be  presumed  that  here  as  elsewhere  the  exuded  products  of  inflam- 
mation are  conveyed  to  the  glands.  There  is  no  reason  to  believe  that 
these  catarrhs  are,  in  the  proper  sense,  tubercular,  but  it  appears  that, 
along  with  the  inflammatory  products,  tubercular  bacilli  may  be  carried 
from  the  surface.  In  susceptible  persons  these  will  multiply  in  the 
glands  and  produce  a  tuberculosis.  Such  primary  tuberculosis  mostly 
occurs  in  glands  whose  radicles  are  connected  Avith  the  mouth,  pharynx, 
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fauces,  or  intestine,  and  they  are  mostly  situated  about  the  jaws  or 
neck,  and  in  the  mesentery. 

The  tuberculosis  is  characterized  by  the  formation  of  tubercles,  which 
takes  place  chiefly  in  the  follicular  cords.  This  is  accompanied  l)y 
inflammatory  swelling  of  the  gland,  just  as  in  other  forms  of  tubercu- 
losis. There  is  usually  a  great  newformation  of  cells  which,  in  the 
more  chronic  cases,  have  mostly  the  character  of  epithelioid  cells.  The 
amount  of  swelling  and  its  acuteness  vary  greatly.  There  may  be  a. 
rapid  increase  of  size  with  redness  and  other  appearances  of  inflamma- 
tion, or  it  may  be  a  slow  and  indolent  process. 

Caseous  necrosis  soon  presents  itself;  at  first  in  a  number  of  centres, 
but  as  it  proceeds  involving  more  and  more  of  the  gland,  while  the 
areas  coalesce.  The  extension  of  the  tuberculosis  goes  on  while  the 
older  parts  are  caseous,  till  the  caseous  condition  comes  to  involve  the 
whole  gland.  The  completely  caseous  gland  is  hard,  and  on  section  is 
firm  to  the  touch,  presents  a  homogeneous  yellow  aspect  which  has 
been  aptly  compared  to  that  of  the  cut  surface,  of  a  raw  potato.  Some- 
times at  the  periphery  there  is  a  grey  transparent  zone  representing  the 
still-advancing  tuberculosis,  but  the  caseous  condition  may  extend  to  the 
capsule. 

The  Infective  character  of  the  process  is  manifested  by  its  extension 
to  neighbouring  glands.  There  is  sometimes  in  the  neck  a  complicated 
tuberculosis  of  many  glands,  some  lying  deeply  among  the  muscles  and 
fascia.  It  is  noteworthy,  however,  that  there  is  little  or  no  tendency 
to  extension  through  the  capsule  unless  it  be  first  ruptured  or  destroyed. 
This  accords  with  the  fact  that  tuberculosis  does  not  usually  penetrate 
connective  tissue  membranes. 

The  caseous  condition  being  thus  brought  about,  the  disease,  so  far  as 
the  individual  glands  are  concerned,  may  undergo  certain  farther  de- 
velopments. The  caseous  matter  may  simply  remain  as  a  piece  of  dead 
material,  surrounded  by  connective  tissue.  It  often  becomes  infiltrated 
with  lime  salts,  and  converted  finally  into  a  putty-like  or  stony  mass. 
This  is  most  liable  to  occur  in  glands  which  are  protected,  such  as  the 
mesenteric  and  other  abdominal  glands.  It  is  quite  common  to  meet 
with  stony  and  pultaceous  masses  in  the  mesenteries  of  adults,  these 
being  the  obsolete  remains  of  a  tuberculosis  in  childhood. 

In  the  case  of  superficial  glands,  which  are  exposed  to  mechanical 
irritation,  there  is,  on  the  other  hand,  frequently  a  Softening  associated 
with  inflammation.  A  process  akin  to  suppuration  ensues,  in  which  the 
matter  is  partly  composed  of  the  debris  of  the  caseous  matter  and  partly 
of  pus.  The  capsule  is  perforated  and  the  matter  passes  towards  the 
surface  where  it  opens  as  a  chronic  abscess.    In  its  passage  the  matter 
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produces  a  tuberculosis  of  the  parts  with  which  it  comes  in  contact  so 
that  Tubercular  sinuses  and  ulcers  are  frequent  results.  It  is  well 
known  that  recovery  from  this  condition  is  only  insured  by  careful  re- 
moval of  all  infective  material. 

Secondary  tuberculosis  is  very  common  in  glands  connected  with 
organs  which  are  the  seat  of  local  tuberculosis.  This  applies  especially 
to  the  bronchial  glands  which  are  always  secondarily  involved  in  phthisis 
.pulmonalis.  The  process  here  is  often  a  very  chronic  one,  and  the 
glands  sometimes  instead  of  caseating  become  indurated  as  in  chronic 
inflammation.  Indeed,  in  fibroid  phthisis  the  two  processes  of  indura- 
tion and  tuberculosis  often  go  together.  Secondary  tuberculosis  also 
arises  in  the  mesenteric  and  other  abdominal  glands  from  tubercular 
ulcers  of  the  intestine. 

The  glands  are  also  commonly  affected  in  General  tuberculosis.  They 
are  the  seat  of  small  miliarjr  tubercles  and  are  generally  enlarged  and 
hypersemic. 

Syphilitic  disease  of  lymphatic  glands.— This,  as  we  have  seen,  is  a 
constant  result  of  the  primary  syphilitic  infection,  and  constitutes  the 
syphilitic  or  Indurated  bubo.  The  glands  slowly  enlarge  by  newforma- 
tion  of  round  cells,  and  they  remain  enlarged  for  months  or  years. 
There  is  little  caseous  necrosis  in  the  glands,  but  the  connective  tissue 
trabeculge  arc  thickened.  During  the  secondary  stage  other  glands  may 
swell,  such  as  those  of  the  neck. 

Gummata  sometimes  form  in  the  glands  in  inherited  syphilis  and  in 
the  late  tertiary  stage  of  ordinary  syphilis.  There  is  enlargement  and, 
it  may  be,  extension  to  neighbouring  glands.  The  enlarged  glands  may 
or  may  not  become  caseous.    (See  account  by  Birch-Hirschfeld.) 

Tumours  of  lymphatic  glands. — We  have  already  described  several 
forms  of  newformation  of  lymphatic  tissue,  some  of  which  attain  to  the 
dignity  of  actual  tumours,  and  are  designated  lymphoma  or  lymphaden- 
oma.  There  is  the  typhoid  lymphoma,  the  leuktemic  lymphoma,  and 
the  malignant  lymphoma  or  Hodgkin's  disease.  All  of  these  partake  of 
the  character  of  infective  i)rocesses,  and  it  .is  only  in  the  case  of  the  last 
mentioned  that  any  claim  can  be  made  for  a  place  among  tumours 
proper.  Under  this  view  it  is  sometimes  called  lympho-sarcoma.  (See 
under  Malignant  Lymphoma,  p.  217.) 

Of  the  tumours  proper  the  primary  forms  are  rare  but  the  secondary 
frequent.  The  Myxoma  is  sometimes  primary,  and  the  Chondroma  has 
been  observed  as  a  secondary  tumour. 

In  a  case  by  Virchow  a  chondroma  oceuiTed  in  the  axillary  glands  in  connection 
with  a  primary  tumour  of  the  scapula,  and  in  one  by  Paget  in  the  glands  of  the 
groin  in  a  case  of  chondroma  of  the  testis. 
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Sarcoma  occurs  primarily  as  a  hard  or  soft  tumour.  The  harder 
form  is  rare  and  is  usually  a  fibro-sarcoma.  The  soft  form  may  be  a 
spindle-celled  tumour  but  is  more  frequently  round-celled.  It  may  be 
an  alveolar  sarcoma.  The  commoner  round-celled  sarcoma  resembles  in 
structure  the  lymphoma,  and  is  liable  to  be  mistaken  for  it,  but  it  does 
not  present  the  tendency  to  spread  from  gland  to  gland,  and  in  its 
metastasis  does  not  affect  the  lymphatic  system  specially.  The  tumours 
usually  grow  rapidly  and  form  large  fungating  masses.  Secondary 
growths  frequently  form  in  the  lungs.  These  tumours  originate  chiefly 
from  the  retroperitoneal,  mediastinal,  and  bronchial  glands.  In  the 
alveolar  form  the  newformation  occurs  chiefly  in  the  adventitia  of  the 
vessels. 

Sarcoma  does  not  readily  occur  secondarily  in  the  lymphatic  glands, 
but  according  to  Butlin  it  does  so  more  frequently  than  is  usually  stated. 
Sarcomas  of  the  foot,  tonsils,  testicles,  and  probably  the  kidney  are 
liable  to  affect  the  lymphatic  glands  secondarily.  The  pigmented  and 
softer  forms  of  sarcoma  are  more  likely  to  affect  the  glands. 

Cancer  does  not  occur  as  a  primary  growth  in  the  lymphatic  glands 
but  is  very  frequent  as  a,  secondary  affection.  Cancerous  tumours  by 
their  irritation  may  lead  to  a  simple  inflammatory  enlargement,  but, 
even  in  those  which  are  very  slightly  enlarged,  there  are  usually  can- 
cerous developments  detectible  by  the  microscope.  (See  further  under 
Cancer,  p.  266.) 

Literature. — Structure — Eecklinghausen,  Strieker's  Histology,  Syd.  Soc.  trans., 
voL  i. ;  Flemming,  Arch.  f.  mikrosc.  Anat.,  xxiv. ;  Aenold,  Virch.  Arch.,  xciii.  and 
xcv. ;  Baujigaeten,  Zeitschr.  f .  kUn.  Med.,  ix.,  1885.  Figmentation — VnicHow, 
Cellular  Path.;  Orth,  (Absorption  of  blood)  Virch.  Arch.,  Ixi.  269;  Miillee,  Lymph- 
driisen  bei  Resorp.  von  Blutextrav.,  1879.  Tuberculosis — ScnijppEL,  Untersuch. 
iiber  Lymphdriisentuberkulose,  1871 ;  Kostee,  Virch.  Arch.,  xlviii.  95  ;  FeiedlXndeb, 
Ueber  locale  Tuberculose,  Volkmann's  Vortr.,  No.  49 ;  Koch,  Etiology  of  tubercu- 
losis, in  Microparasites  in  Disease  (Syd.  Soc.  trans.),  1886,  p.  120.  Syphilis — Lan- 
CEBEAux,  Traite  de  la  Syph.,  pp.  147  and  168 ;  Biech-Hjeschfeld,  Lehrb.  d.  Path. 
Anat.,  3rd  ed.,  1887,  ii.  153.  Tummirs — Viechow,  Virch.  Arch.,  v.  2,  30 ;  Paget, 
Med.  chir.  trans.,  xxxviii. ;  Puttiata,  (Sarcomas)  Virch.  Arch.,  Ixix.  245 ;  Butlin, 
Internat.  Encycl.  of  Surg.,  1884,  iv.  600.  Degenerations — Viechow,  (Amyloid  dis.) 
Wikzb.  Verh.,  vii.  222;  Eberth,  Virch.  Arch.,  Ixxx. ;  Coenil  et  Eanvibe,  (Colloid) 
Histol.  path.,  2nd  ed.,  1881,  i.  650 ;  Wiegee,  (Hyaline)  Virch.  Arch.,  Ixxx.  188. 

III.— THE  SPLEEN. 

The  exact  nature  of  the  function  of  this  organ  is  somewhat  obscure. 
In  order  to  understand  the  various  changes  which  it  undergoes,  it  will 
be  necessary  to  bear  in  mind  certain  facts  as  to  its  structure.  The 
splenic  artery  as  it  enters  the  organ  is  accompanied  bj^^  cormective  tissue 
which  forms  a  continuous  sheath  around  its  branches.    In  this  sheath 
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there  develop  at  intervals  little  masses  of  lymphoid  tissue,  forming  the 
Malpighian  bodies,  which  are  therefore  lymphatic  follicles  closely  related 
to  the  arterial  branches.    The  arteries  break  up  into  capillaries  which 

are  mostly  distributed  in 
the  Mali^ighian  bodies, 
where  they  form  a  some- 
what wide-meshed  net- 
work. At  the  periphery 
of  the  Malpighian  bodies 
the  capillaries  ojjen  into 
the  splenic  pulp,  Avhich 
is,  as  it  were,  interposed 
between  the  capillaries 
and  the  veins.  This  con- 
sists of  a  honeycomb-like 
structure,  with  frequent 
trabeculse  and  meshes 
(see  e,  e,  Fig.  179).  The 
meshes   contain  blood. 

Fig.  179.— Structure  of  spleen.  A,  capsule;  h,  trabeculte ;  but  alsO  large  cells  and 
c,  c,  Malpighian  bodies;  in  that  to  the  right  au  artery,  cut  .  . 

transversely,  is  seen  ;  d,  d,  injected  arteries,  one  running  into  Cells  Containing  blood- 
a  Malpighian  body ;  e,  honeycomb-like  pulp.    (Kor.nKEB.)  ,  ,  . 

corpuscles  and  pigment. 

The  mesh-work  of  the  pulp  develops  occasionally  wider  channels  or 
sinuses  which  are  virtually  the  radicles  of  the  veins.  The  pulp  has  a 
brownish  colour  both  ft'om  its  pigment  and  from  the  fact  that  it  is  full  of 
blood.  The  Malpighian  bodies  being  lymphoid  in  structure,  and  sparely 
vascularized,  are  whitish  in  colour.  It  is  clear  from  this  structure  that 
the  blood  passing  into  the  spleen  by  the  arteries  mil  linger  long  in  the 
organ,  and  will  especially  stagnate  in  the  meshes  of  the  pulp.  It  seems 
probable  that  in  the  pulp  the  red  corpuscles  are  to  some  extent 
destroyed.  The  existence  in  the  normal  spleen  of  cells  containing 
red  corpuscles  and  pigment  seems  to  indicate  this.  The  spleen  also 
probably  gives  origin  to  white  corpuscles,  but  it  shares  this  function 
with  the  lymphatic  glands  and  the  medulla  of  bone,  as  well  as  probably 
with  the  widely  diffused  connective  tissue  throughout  the  body.  Some 
have  supposed  that  the  spleen  also  forms  red  corpuscles,  but  this  is 
exceedingly  doubtful. 

From  these  remarks  it  will  be  understood  that  the  amount  of  blood 
in  the  spleen  will  be  subject  to  great  variations  according  as  the  pulp  is 
more  or  less  distended.  The  pulp  forms  by  far  the  greatest  part  of  the 
substance  of  the  spleen,  and  according  as  its  honeycomb  structure  is 
more  or  less  full  of  blood  will  the  size  of  the  organ  vary.  Accordingly 
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there  is  no  organ  in  the  body  which  varies  so  much  in  size,  even  under 
physiological  circumstances.  During  digestion  there  is  an  active  hyper- 
ajmia  which  causes  enlargement  of  the  organ.  Again,  the  capsule  and 
trabeculEe  of  the  spleen  are  abundantly  supplied  with  smooth-muscle 
fibre-cells,  and  its  size  is  influenced  by  the  state  of  contraction  of 
these.  It  is  well  known  that  by  electric  stimulation  the  size  of  the 
organ  may  be  diminished,  the  muscular  tissue  contracting. 

Malformations  and  Malpositions.— In  addition  to  the  spleen  in  its 
usual  site,  and  of  its  ordinary  size,  there  are  very  frequently  small  Super- 
numerary spleens  lying  in  its  neighbourhood.  These  are  generally 
round  in  shape,  and  have  the  dark  red  or  blue  colour  and  soft  structure 
of  the  ordinary  organ.  There  are  sometimes  several  of  these  present, 
and  although  usually  seated  in  the  neighbourhood  of  the  spleen  they 
may  be  away  from  it,  having  even  been  found  embedded  in  the  head  of 
the  pancreas.  Cases  have  occurred  in  which  there  have  been  two 
spleens  of  nearly  equal  size.  The  spleen  is  also  liable  to  variations  in 
shape  and  position.  These  may  be  congenital,  but  Alterations  in 
position  may  occur  during  life,  chiefly  when  the  organ  is  enlarged  and 
increased  in  weight.  Again,  there  may  be  an  unusual  length  of  the 
ligaments  so  as  to  allow  of  an  undue  mobility  of  the  organ.  This  also 
may  be  congenital,  or  it  may  be  due  to  a  stretching  of  the  ligaments 
from  increased  weight. 

Active  or  Congestive  hypersemia  and  Inflammation.— We  have 
already  seen  that  an  active  hypereemia  of  the  spleen  occurs  physiologi- 
cally during  digestion.  It  is  met  with  as  a  distinctly  pathological 
condition,  and  frequently  in  a  very  exaggerated  form,  in  a  variety  of 
acute  general  diseases.  In  this  country  it  is  often  seen  in  the  highest 
degree  in  typhus  fever,  but  it  is  found  also  in  other  Acute  fevers,  in 
pyaemia,  pneumonia,  diphtheria,  erysipelas,  etc.  In  this  group  of 
diseases  the  blood  is  in  a  peculiarly  irritating  condition,  and  we  know 
that  the  various  parenchymatous  organs,  the  muscles  and  the  glands, 
are  enlarged  as  a  result  of  cloudy  swelling,  which  is  to  be  traced  to  the 
irritating  condition  of  the  blood.  In  these  organs  there  is  doubtless 
dilatation  of  the  vessels,  but  in  the  case  of  the  spleen  the  hypersemia 
produces  much  more  marked  results  on  account  of  the  structure  of  the 
organ.  The  hypersemic  spleen  is  greatly  enlarged,  and  the  capsule 
stretched.  In  some  cases  of  typhus  and  intermittent  fever  the  enlarge- 
ment has  been  so  great  and  sudden  as  to  rupture  the  capsule.  The 
name  Acute  splenic  tumour  is  sometimes  given  to  this  hypera3mic 
enlargement.  It  will  be  inferred  that  in  this  condition  the  splenic 
tissue  is  exceedingly  soft,  sometimes  almost  diffluent,  and  the  colour  of 
the  cut  surface  is  a  dark  red. 
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But  the  condition  does  not  continue  as  a  pure  hyperaemia.  The  cells 
forming  the  honeycomb  structure  of  the  pulp  enlarge,  the  blood-vessels 
and  the  meshes  of  lihe  pulp  come  to  contain  more  round  cells  or  white 
blood-corpuscles.  These  are  all  indications  of  inflammation,  and  a 
further  indication  is  sometimes  afforded  by  the  deposition  of  fibrine  on 
the  capsule  of  the  spleen.  The  Malpighian  bodies  sometimes  undergo 
enlargement  in  this  stage,  but  not  in  all  the  diseases  named.  This  is 
most  frequently  seen  in  the  later  stages  of  Typhoid  fever  and  Small- 
pox, and  when  it  occurs  the  consistence  of  the  organ  is  firmer  than  is 
usual  in  the  acute  splenic  tumour.  In  this  stage,  in  which  more  definite 
inflammatory  processes  are  superadded  to  the  congestion,  the  spleen  is 
even  larger  than  in  the  earlier  stage,  and  it  may  reach  two,  three,  or 
even  four  times  the  normal  size.  The  organ  is  unduly  soft,  and  on 
section  may  look  half-diffluent,  although  it  is  firmer  than  in  the  cases 
without  enlargement  of  the  MaliDighian  bodies.  The  colour  of  the  cut 
surface  is  considerably  paler  than  in  the  earlier  period,  being  more  of  a 
greyish  or  whitish'  red.  On  scraping  the  surface  a  thick  juice  is 
obtained  which  is  not  unlike  pus  mixed  with  blood.  There  is  not  in- 
frequently hsemorrh'age  in  the  substance  of  the  spleen  so  affected,  and 
it  may  take  the  form  of  the  wedge-shaped  haemorrhagic  infarction. 

As  a  general  rule  the  acute  splenic  tumour  diminishes  as  the  primary 
disease  passes  off",  and  the  spleen  may  be  left  soft  and  loose  vdth 
wrinkled  capsule  and  unduly  prominent  trabeculae.  Sometimes  there 
■results  a  chronic  inflammation  with  thickening  of  the  trabecule,  but 
this  hardly  occurs  unless  there  have  been  repeated  attacks  of  hyper- 
aemia as  in  malarial  fevers,  and  occasionally  in  tyj^hoid  fever. 

It  is  a  very  rare  circumstance  for  suppuration  to  occur  in  the 
inflamed  spleen,  but  this  has  been  met  with  in  intermittent  fever.  In 
such  cases  the  pus  appears  in  numerous  little  points  which  represent  the 
Malpighian  follicles,  or  there  is  a  more  diffuse  suppuration  of  the  spleen. 
If  the  abscess  bursts  a  fatal  peritonitis  residts. 

Among  the  cases 'of  suppurative  inflammation  of  the  spleen  should 
be  mentioned  those  in  which  Ulcerative  endocarditis  or  Pyasmia  is  the 
primary  disease.  In  that  case  minute  emboli  are  carried  to  the  spleen 
as  to  other  structures,  and  being  of  a  septic  nature  they  each  form  the 
focus  of  an  acute  inflammation,  which  has  at  first  a  hjemorrhagic 
character,  and  afterwards  passes  on  to  suppuration.  The  spleen  as  a 
whole  is  enlarged  by  active  hyperaemia. 

Chronic  inflammation. — In  cases  where  the  inflammatorj'^  enlarge- 
ment is  repeated  frequently,  or  there  is  a  more  continuous  irritation  of 
the  spleen,  we  have  a  chronic  inflammation,  causing  the  Chronic  splenic 
tumour.    This  is  very  common  in  malarious  districts,  and  is  regulaidy 


ENLARGEMENTS  OF  THE  SPLEEN.  ,  445 
•  •  •  . 

met  Avith  in  persons  who  have  been  repeatedly  subject  to  attacks  of 
ague.  But  in  such  districts  it  occurs  even  in  persons  who  have  had  no 
apparent  ague,  so  that  almost  every  post-mortem  examination  reveals  a 
chronic  Ague  cake.  Syjjhilis  in  the  acute  stages  produces  an  acute 
splenic  tumour,  which  may  result  in  the  chronic  |orm,  but  by  no 
means  constantly.  Again,  the  chronic  form  may  occur  in  congenital 
syphilis  and  in  rickets. 

The  enlargement  in  ague  may  depend  on  a  General  hypertrophy  of 
the  sjDleen,  so  that  the  consistence  of  the  organ  is  nearly  normal.  There 
is,  however,  considerable  increase  of  the  lymphoid  elements  and»the  tra- 
beculfe  are  thickened.  There  is  frequently  also  increased  pigmentation. 
In  other  cases  there  is  a  marked  newformation  of  connective  tissue  in 
the  trabecula?,  the  pulp  is  firmer  and  the  blood  spaces  reduced  in  size. 
This  condition  warrants  the  designation  Fibrous  induration  of  the 
spleen.  The  organ  as  a  whole  is  not  so  much  enlarged  as  in  the  other 
form,  but  it  is  much  firmer  and  harder,  so  that  the  name  ague  cake  is 
peculiarly  applicable  here.  In  extreme  cases  there  is  atrophy  of  the 
proper  constituents  of  the  spleen ;  the  pulp  is  much  encroached  on,  and 
the  Malpighian  follicles  are  greatly  destroyed.  There  is  usually  also 
much  deposition  of  pigment  in  the  splenic  tissue,  especially  in  the  pulp, 
but  also  to  a  slight  extent  in  the  Malpighian  bodies,  and  in  the 
thickened  connective  tissue  around  the  vessels  (see  Melansemia). 

In  both  forms  of  chronic  tumour  of  the  spleen  the  capsule  is  generally 
thickened,  a  condition  being^  thus  brought  about  which  is  sometimes 
called  Perisplenitis,  and  is  analogous  to  a  similar  thickening  of  the  cap- 
sule of  the  liver,  perihepatitis  (see  also  under  Chronic  Peritonitis).  The 
thickening  is  usually  irregular,  and  we  have  tendon-like  patches  or  loose 
shreddy  connective  tissue  on  the  surface.  Sometimes  the  capsule 
acquires  adhesions  to  neighbouring  structures,  and  the  spleen  may  be 
so  buried  in  adhesions  as  to  make  it  difficult  to  dissect  it  out.  It  is  to 
be  remembered,  however,  that  such  adhesions  are  very  frequent  apart 
from  any  proper  disease  of  the  spleen  at  all,  being  due  to  inflammations 
in  its  neighbourhood.  There  are,  indeed,  occasional  patches  of  dense 
fibrous  or  cartilaginous  consistency  occupying  the  capsule  of  the  spleen, 
whose  origin  it  is  difficult  to  ascertain,  but  which  are  to  be  regarded  as 
the  results  of  local  peritonitis.  In  most  cases  of  perisplenitis  originating 
outside  the  spleen  the  organ  is  small  and  atrophied. 

Passive  hyperasmia. — This  condition  occurs  in  the  spleen  when 
there  is  any  considerable  obstruction  of  the  portal  circulation.  Hence 
we  meet  with  it  in  cirrhosis  of  the  liver,  and  in  cases  of  heart  disease 
which  have  gone  on  to  general  venous  engorgement,  the  hyi^ersemia 
being,  as  it  were,  transmitted  through  the  liver.    It  may,  indeed,  occur 
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in  consequence  of  any  local  or  general  obstrijctib'n  whose  effects  extend 
to  the  splenic  vein.  The  organ  is  enlarged,  mit  riot  to  such  an  extent 
as  in  the  congestive  form.  As  in  other  cases  of  passive  hypersemia,  the 
connective  tissue  increases  in  firmness,  and  so  the  whole  organ  is  denser 
than  usual,  while  the  tissue  presents  a  deep  red  colour.  The  thicken- 
ing of  the  connective  tissue  affects  the  trabeculas  and  the  sheaths  of  the 
blood-vessels. 

The  embolic  infarction. — This  is  probably  of  more  frequent  occur- 
rence in  the  spleen  than  in  any  other  organ,  except  perhaps  the  lungs. 
The  explanation  of  this  is  probably  the  large  size  of  the  splenic  artery. 
We  have  already  seen  that  this  artery  and  all  its  branches  are  end- 
arteries,  and  that  obstruction  of  one  of  them  can  hardly  fail  to  cause 
the  infarction.  The  infarction  has  sometimes  the  hsemorrhagic  character, 
but  this  is  frequently  absent  except  at  the  marginal  parts,  and  the 
greater  part  is  white  or  yellow.  Even  when  originally  red  it  soon  loses 
much  of  its  colour.  The  infarction  has  more  or  less  the  form  of  a  wedge 
with  its  base  at  the  capsule.  On  handling  the  organ  it  is  to  be  detected 
by  its  density,  forming  a  hard  mass  in  the  midst  of  the  soft  tissue. 
As  a  rule,  there  are  several  infarctions  in  the  same  spleen,  and  as  the 
embolus  in  a  larger  trunk  may  break  up  and  be  distributed  irregularly 
to  various  branches,  we  may  have  very  complicated  forms  assumed  •  by 
the  infarction.  For  example,  it  is  not  uncommon  to  find  the  superficial 
parts  of  the  spleen  involved  over  a  large  area,  while  the  infarction  does 
not  extend  much  beneath  the  surface,  as  if  the  emboli  had  been  swept 
into  a  number  of  terminal  branches  near  the  surface.  The  spleen,  as  a 
whole,  is  enlarged,  the  obstruction  of  the  arteries  leading  to  a  collateral 
hypersemia  by  dilatation  of  those  remaining  open.  This  enlai-gement 
may  reach  considerable  dimensions.  On  the  capsular  surface  of  the 
infarction  there  is  often  a  deposition  of  fibrin  e,  and  it  is  interesting 
to  know  that  during  life  the  existence  of  this  has  been  sometimes 
diagnosed  by  the  discovery  of  friction  sound. 

The  affected  area  of  splenic  tissue  is  in  a  state  of  coagulation-necrosis, 
and  presents  the  usual  characters  of  that  condition,  chiefly  the  absence 
of  the  nucleus  when  the  tissue  is  stained.  The  blood-colouring  matter 
is  dissolved  out,  being  partly  absorbed  and  partlj;-  deposited  in  solid 
granules  throughout  the  infarction  or  at  its  marginal  parts.  Around  the 
infarction  a  chronic  inflammation  occurs  with  the  usual  newformation 
of  granulation  tissue  which  eats  into  the  infarction.  As  the  infarction 
becomes  absorbed,  the  connective  tissue  Avhich  develops  from  the  granu- 
lation tissue  draws  together,  the  final  result  being  a  cicatrix  in  Avhich 
some  cheesy  matter  may  be  found  representing  the  original  infarction. 
During  these  processes  the  spleen  gradually  returns  to  its  normal  size 
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and  condition,  with,  it  may  be,  some  thickening  of  the  capsule.  We 
frequently  meet  with  one  or  more  cicatrices  in  the  spleen  from  old 
embolism.    These  are  always  visible  at  the  surface  and  penetrate  in- 
■  wards,  but  often  they  have  little  depth. 

The  condition  of  the  spleen  in  Leukaemia  has  been  already  described, 
.  and  it  is  to  be  remembered  that  the  spleen  may  be  enormously  increased 
i  in  size,  up  to  a  weight  of  40  pounds.  The  condition  in  malignant 
:  lymphoma  or  Hodgkin's  disease  has  also  been  described. 

Rupture  of  the  spleen. — This  occurs  occasionally,  as  we  have  seen, 
in  acute  enlargements  of  the  organ.  But  traumatic  rupture  is  much 
;  more  frequent. .  This  is  effected  by  blows  or  falls  on  the  abdomen,  and 
also  by  injuries  to  the  chest  by  which  the  lower  ribs  are  forced  against 
the  organ.  There  may  be  considerable  rupture  without  any  external 
marks  of  injury.  It  is  important  to  remember  that  the  enlarged  and 
hard  spleen  is  more  liable  to  rupture  than  the  normal  one,  both  on 
account  of  its  more  brittle  character  and  its  size.  This  is  important  in 
a  medico-legal  aspect,  especially  in  malarious  districts.  The  rupture 
may  lead  to  fatal  htemorrhage,  but  bleeding  is  often  associated  with 
other  injuries,  and  only  plays  a  part  in  the  result.  On  the  other  hand, 
the  haemorrhage  may  be  slight,  and  the  wound  may  heal  and  leave  a 
cicatrix. 

Degenerative  changes. — Of  these  by  far  the  most  important  is 
Amyloid  disease.  It  has  already  been  mentioned  that  the  spleen  is 
more  frequently  the  seat  of  this  disease  than  any  other  organ,  and  that 
it  appears  in  a  majority  of  cases  to  be  the  organ  primarily  affected. 
There  are  two  forms  of  amyloid  disease,  called  respectively  the  Sago 
form  and  the  Diffuse  form  or  waxy  spleen.  In  the  former,  the  Mal- 
pighian  bodies  are  mainly  engaged  ;  in  the  latter  the  pulp.  We  are 
entirely  ignorant  of  the  conditions  which  induce  these  differences  in 
the  situation  of  the  degeneration,  but  it  may  be  said  that  the  sago 
spleen  is  peculiarly  that  which  occurs  in  phthisis  pulmonalis,  while 
the  waxy  form  occurs  in  syphilis. 

The  Sago  spleen  is  a  moderately  enlarged  organ.  On  section  we  ob- 
serve on  the  cut  surface,  instead  of  the  normal  small  Malpighian  bodies, 
transparent  glancing  areas  which  have  been  very  aptly  compared  to  grains 
of  boiled  sago.  These  are  dotted  over  the  surface  in  great  profusion. 
On  applying  a  solution  of  iodine  the  affected  areas  stand  out  as  brown 
spots,  which  become  of  a  deeper  colour  on  adding  dilute  sulphuric  acid. 
Microscopic  sections  (see  Fig.  180)  show  transparent  hyaline  areas  of 
round  shape  and  larger  or  smaller  size,  often  so  large  that  they  are  con- 
tinuous with  one  another  at  their  peripheries.  These  areas  represent 
Malpighian  bodies,  whose  normal  structure,  when  the  disease  is  advanced, 
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is  entirely  replaced  by  a  nearly  homogeneous  transparent  naaterial.  In 
the  early  stages,  however,  the  addition  of  methylviolet  or  iodine  brings 
out  a  beautiful  network  in  the  Malpighian  body,  and  it  is  obvious  that 
the  reticulum  is  first  attacked.  Even  in  the  early  stage  it  can  be  seen 
that  the  lymphoid  corpuscles  are  also  to  some  extent  involved,  and  as 
the  disease  progresses  they  are  more  and  more  affected,  although  to 
some  extent  they  may  be  destroyed  by  the  enlargement  of  the  reticulum. 


Fig.  ISO.— Section  of  a  sago  spleen.  The  enlarged  and  translucent  Malpighian 
bodies  are  seen.    In  the  middle  an  artery  with  amyloid  waUs.    x  20. 


The  arteries  whose  lymphoid  bodies  are  thus  affected  are  often  them- 
selves degenerated,  but  they  may  remain  unaffected.  In  advanced 
stages  of  the  disease  the  enormous  enlargement  of  the  Malpighian  bodies 
causes  atrophy  of  the  pulp,  and  we  may  have  the  spleen  presenting 
little  beyond  large  round,  sago-like  bodies.  The  pulp  may,  however, 
itself  take  part  in  the  amyloid  disease  at  the  periphery  of  the  Mal- 
pighian bodies. 

The  diffuse  amyloid  spleen  presents  much  greater  enlargement  than 
the  sago  form.  It  is  in  the  highest  degree  hard  and  heavy,  and  the 
edges  rounded.  On  section  the  tissue  seems  homogeneous  and  inelastic, 
and  of  a  dark  transparent  appearance,  Avhich  has  been  compared  to 
that  of  Avax  or  bacon,  hence  the  names  Waxy  and  Lardaceous  spleen, 
which  are  most  appropriately  applied  to  this  form.  The  degeneration 
affects  the  greater  part  of  the  spleen,  but  there  may  be  islands  of 
normal  pulp  visible.  The  Malpighian  bodies  are  hardly  visible,  and 
the  cut  surface  has  a  smooth  uniform  appearance.    The  application  of 
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iodine  produces  a  general  deep  brown  coloration  of  the  tissue, 
the  microscope  (as  shown  in  Fig.  181) 
it  is  seen  that  the  trabeculse  of  the  pulp 
involved.      On    account  of  the 


Under 


are 


Fig.  181.— Diffuse  amyloid  spleen.  The 
swollen  and  translucent  tissue  of  the 
pulp  (a)  is  shown,  x  400.  (After  Ktbeb.) 


greater  density  of  the  amyloid  material 
the  honeycomb  structure  of  the  puljj 
is  often  brought  out  in  a  much  more 
striking  manner  than  is  possible  in  a 


normal  spleen.  This  is  more  marked 
if  the  sections  be  stained  with  methyl- 
violet,  the  trabeculse  assuming  a  bright 
colour  and  becoming  very  manifest.  In 
the  later  stages  the  appearance  is  more 
uniform,  but  indications  of  the  trabecular 
arrangement  may  still  be  visible.  By 
the  enlargement  of  the  pulp  the  Mal- 
pighian  bodies  are  greatly  atrophied, 
but  they  may  show  traces  of  amyloid 
disease.  In  this  form  the  walls  of  the 
arteries  and  veins  are  usually  amyloid. 

Infective  and  other  tumours  of  the 
spleen. — Tuberculosis  does  not  occur  in 
the  spleen  as  a  primary  disease,  but  in 
acute  general  tuberculosis  we  frequently  find  tubercles  in  great  abun- 
dance. The  tubercles  are  usually  seated  in  the  neighbourhood  of  arteries, 
and  are  often  diflficult  to  distinguish  from  the  lymphoid  Malpighian 
bodies  which  have  a  similar  seat.  The  existence  of  the  giant-cell  struc- 
ture and  the  tendency  to  caseous  degeneration  will  assist  in  distinguish- 
ing them.  Occasionally  we  meet  with  large  caseous  masses  in  the  spleen, 
which  may  reach  the  size  of  walnuts.  These  occur  mostly  in  children 
who  are  the  subjects  of  scrofulous  disease  of  the  lymj^hatic  glands  of  the 
abdomen.  The  general  distribution  of  the  nodules  suggests  that  the 
infective  material  has  been  carried  by  the  blood,  and  in  some  cases  there 
may  have  been  a  rupture  of  a  softened  gland  into  the  si)lenic  artery. 
Syphilitic  gummata  are  very  rare  in  the  spleen,  and  have  been  met 
"vnth  chiefly  in  congenital  cases.  In  Hodgkin's  disease  the  spleen  is 
generally  the  seat  of  newformations,  and  there  is  usually  great  enlarge- 
ment of  the  organ  (see  p.  217). 

Tumours  proper  are  equally  rare,  but  cases  of  Fibroma,  Sarcoma,  and 
one  case  of  a  pulsating  Cavernous  angioma  have  been  observed.  Sar- 
comas occur  secondarily  in  the  spleen  with  greater  frequency  than  any 
primary  tumour,  and  this  is  especially  true  of  melanotic  sarcomas,  which 
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may  possibly  originate  in  the  spleen.  Secondary  cancers  are  very  rare 
and  only  occur  in  cases  where,  from  the  general  diffusion  of  such 
tumours,  we  may  infer  that  the  infective  material  has  found  its  way 
into  the  blood. 

Parasites  are  very  unusual  in  the  spleen.    The  Echinococcus  is  the 
most  common,  forming  hydatid  cysts,  sometimes  of  large  size. 

Literature.— Heinuich,  Die  Kranldi.  der  Milz ;  Bibch-Hibschfeld,  Arch.  d.  Heilk., 
xiii.  389,  and  Lehrb. ;  Friedreich,  Acute  splenic  tumour,  in  Volkmann's  Samml., 
Syd.  Soc.  transi;,  2nd  series,  1877;  Moslbr,  Ziemssen's  Encycl.,  1878,  viii.; 
Prbnneb,  Gewicht  der  Milz  bei  verschied.  Krankh.,  1885 ;  Heusinger,  Entziind  d. 
Milz,  1823;  Moxon  (Abscess  in  ulcerative  endocarditis),  Path,  trans.,  xix.  168; 
Bright,  (Chronic  splenic  tumour)  Guy's  Hosp.  Rep.,  iii.;  Langans,  (Cavernous 
turn.)  Virch.  Arch.,  Ixxv.  373;  Spillmantj,  (Cystic  hrematoma)  Arch,  de  Phys., 
1876,  419;  Weichselbaum,  (Sarcoma)  Virch.  Arch.,  Ixxxv.  562;  Baumgabten, 
(Syphilis)  Virch.  Arch.,  xcviii.   Bastian,  (Hydatid  cyst)  Path,  trans.,  xviii.  257. 

IV.— CEETAIN  AEFECTIONS  OF  THE  BONE-MAEEOW. 
The  bone-marrow  is  to  be  regarded  from  two  aspects,  first  as  a  part  of 
the  osseous  system,  and  second  as  an  organ  presenting  some  special 
relations  to  the  blood,  and  partaldng  in  many  of  the  diseases  in  which  ^ 
the  spleen  is  involved.  In  its  structure  the  normal  bone-marrow  is 
divisible  into  two  forms,  namely,  the  red  marrow,  which  is  composed  of 
round-celled  or  lymphatic  tissue,  and  the  yellow,  which  is  simply  adipose 
tissue. 

While  the  red  marrow  is  present  in  nearly  all  the  bones  of  the  foetus,  it  is  greatly 
limited  in  its  distribution  after  birth.  In  the  adult  it  is  present  in  the  bones  of  the 
head,  and  most  of  those  of  the  trunk,  bemg  in  many  cases,  however,  associated  with 
a  considerable  amount  of  adipose  tissue.  The  bones  of  the  extremities  contain 
almost  exclusively  yellow  marrow,  but  there  may  be  some  red  marrow  in  the  heads 
of  the  femur  and  humerus. 

The  pathological  changes  in  the  bone-marrow  are  essentially  related  to  - 
those  of  the  blood.  In  its  physiological  relations  to  the  blood  it  may  be  • 
primarily  involved  along  with  the  other  blood-forming  organs,  or  it  may  • 
be  secondarily  affected  when  the  constitution  of  the  blood  is  altered.  In  i 
all  of  these  it  closely  follows  the  spleen  in  its  lesions. 

In  Leukaemia,  as  mentioned  in  a  previous  page,  there  is  an  increase  in  i 
the  lymphoid  tissue  of  the  bone-marrow,  a  real  hypertrophy  or  hyper- 
plasia of  this  tissue.    In  a  certain  sense  this  is  a  restoration  of  the  red ' 
marrow  which  existed  in  the  foetal  state,  but  as  the  cellular  growth 
increases  the  marrow  often  ceases  to  be  red,  and  becomes  yellow  like 
pus.    (See  under  Leukaemia. ) 

In  a  case  lately  observed  by  the  author,  the  bone-marrow  had  rather  the  charac- 
ters usual  in  Pernicious  anremia,  presenting  chiefly  large  granular  cells,  many  of 
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them  fatty.  It  was  very  peculiar  that  the  blood,  which  to  the  naked  eye  was  greatly 
altered,  contained  large  numbers  of  similar  cells,  many  of  them  also  fatty.  These 
cells  were  distinguishable  from  leucocytes  by  their  larger  size,  and  by  the  possession 
of  large  oval  or  round  nuclei.    The  spleen  was  also  greatly  enlarged. 

In  Pernicious  anaemia,  and  to  a  certain  extent  in  other  angemias,  there 
is  what  at  first  sight  looks  "like  a  conversion  of  the  yellow  marrow  into 
red.  It  is  true  that  the  yellow  marrow  is  replaced  by  a  red,  almost 
diffluent  structure,  but  this  is  not  a  proper  lymphatic  tissue.  We  have 
not  the  small  lymphoid  cells,  but  rather  large  granular  cells,  some  con- 
taining red  corpuscles,  and  various  forms  of  red  corpuscles,  some  of  them 
nucleated.  This  change  is  probably  secondary  to  the  anaemia,  and  is 
perhaps  to  be  regarded  as  a  retrograde  change  rather  than  as  a  hyper- 
trophy. 

In  Acute  fevers  the  bone-marrow  is  alfected  like  the  spleen.  It  is 
hypersemic,  and  there  are  large  granular  cells  visible,  especially  in  the 
coats  of  the  vessels.  There  are  sometimes  haemorrhages,  which  may 
take  the  form  of  inftirctions.  According  to  Golgi,  the  bone-marrow  in 
Hasmorrhagic  small-pox  shows  everywhere  diffuse  haemorrhages. 

The  more  definite  septic  inflammations,  included  under  the  term 
Osteomyelitis,  fall  to  be  considered  along  with  the  affections  of  the 
bones. 

Literature.— Neuiiann,  Arch.  d.  Heilk.,  x.  and  xi.,  Centralb.  f.  d.  med.  Wissensch, 
1882,  p.  .321;  Golgi,  Eiv.  clin.  di  Bologna,  1873;  Ponfick,  Virch.  Arch.,  Ivi.,  Ix.; 
GEEuniTDEN,  (Historical  account  and  literature  as  well  as  independent  observations) 
Virch.  Arch.,  cv.,  p.  136. 
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SECTION  11. 

DISEASES  OF  THE  BONES  AND  JOINTS. 

A.  Of  the  Bones. — Introduction  as  to  development  and  structure.    I.  Malforma- 

tions. II.  Rickets,  a  disease  of  growing  bones,  caused  by  general  ill-health. 
Character  of  lesions  at  ossifying  cartilage  and  under  periosteum ;  Deformities 
due  to  rickets  in  long  bones,  chest,  vertebra},  pelvis,  head.  Recovery.  III.  Retoo- 
GBADE  CHANGES  (1)  Atrophy;  (2)  Osteomalacia  or  Mollities  ossium.  IV.  Inflam- 
mations— Introductory.  (1)  Acute  and  -mpjmrative  inflammations,  traumatic 
and  infective,  the  latter  important;  (2)  Chronic  inflammations,  implying  rare- 
faction and  newformation.  V.  Hypertrophy.  VI.  Necrosis — Causation. 
The. resulting  lesions  mainly  inflammatory  ;  separation  of  sequestrum;  absorption 
of  dead  bone.  Phosphorus  necrosis.  VII.  Regeneration.  (1)  Healing  of 
fractures;  production  and  structure  of  calhis.  (2)  Transplantation  of  bone. 
VIII.  Specific  Newformations.  (1)  Tuberculosis ;  causation;  lesions;  includ- 
ing caries,  cold  abscess,  etc.;  healing  of  lesions.  (2)  Syphilis;  gummata  and 
lesions  of  congenital  syphilis.  (3)  Actinomycosis.  IX.  Spinal  Curvatures — 
Introduction.  Forms  of  curvature,  antero -posterior  or  lateral.  X.  Tumours, 
chiefly  exostoses  and  sarcomas. 

B.  The  Joints.    I.  Dislocations  and  Misplacements,  congenital  forms;  talipes; 

traumatic;  spontaneous.  11.  Anchylosis.  III.  Inflammations.  IV. 
Syphilis  and  Tuberculosis.   V.  Loose  bodies. 

A. — Of  the  Bones. 

INTRODUCTION.— Bone  differs  materially  in  structure  and  fiuiction 
from  most  of  the  other  tissues  of  the  body,  and  these  peculiarities 
exercise  an  important  influence  on  the  pathological  changes  to  which  it 
is  liable. 

During  the  period  of  growth  bone  is  in  a  condition  of  great  activity, 
the  growth  of  bone  being  effected  by  processes  which  are,  in  souk; 
respects,  special  and  peculiar.  The  proper  bony  tissue  {tela  ossea)  is 
composed  of  a  rigid  calcified  matrix,  enclosing  the  living  cells  or  bone- 
corpuscles  in  their  lacunje.  This  tissue  once  formed  is,  like  the  mason 
work  of  a  house,  fixed  in  form  and  insusceptible  of  expansion  or  plastic 
alteration  in  shape.  It  can  only  be  altered  by  being  taken  doAYn  and 
rebuilt.  But  in  the  growing  bones  there  is  necessarily  a  very  active 
process  of  reconstruction  going  on.    The  bone  as  a  whole  is  expand- 
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ing,  and  this  is  effected,  not  merely  by  apposition  of  new  bony  tissue 
to  the  old,  but  it  involves  a  process  of  destruction  and  reconstruction. 
It  has  been  shown  by  Meyer  and  Wolffe  that  bones  have  a  special 
architectiu-al  construction,  their  trabecule  being  arranged  so  as  to  meet 
the  various  lines  of  pressure  to  which  they  are  opposed.  In  a  growing 
bone  the  architecture  is  continually  requiring  modification  as  the  bone 
expands,  and  this  implies  a  constant  reconstruction.  The  extent  to 
which  reconstruction  is  necessary  is  emphasized  when  one  remembers 
that  the  shaft  of  a  young  child's  femur  is  no  greater  in  diameter  than 
the  medullary  cavity  of  that  of  an  adult.  In  fact,  in  the  course  of 
growth  the  whole  bone  is,  in  many  cases,  taken  down  and  recon- 
structed several  times  over. 

The  growth  of  bone  is  effected  by  the  so- 
called  process  of  Ossification.  In  a  longi- 
tudinal section  of  a  growing  long  bone,  such 

as  that  illustrated  in  Fig.  182,  the  process 

of  ossification  from  cartilage  may  be  seen, 
At  the  upper  part  of  the  figure  (a)  there 

is  the  normal  appearance  of  hyaline  cartilage. 

As  the  ossifying  margin  is  approached  the 

cells  multiply,  and  at  first  they  form  ir- 
regular groups,  as  at  b.    Still  nearer  the 

margin  the  multiplying  cells  become  ar- 
ranged in  rows  parallel  to  the  long  axis 

of  the  bone,  the  elongated  groups  being 

separated  by  narrower  elongated  pieces  of 

hyaline  matrix.    The  beginning  and  end 

of  this  zone  of  multiplying  cartilage  cells 

are  quite  abrupt,  and  form  nearly  straight 

transverse  lines.    This  zone  appears  to  the 

naked  eye  as  a  narrow  bluish  band.  Next 

occurs  an  infiltration  of  the  hyaline  matrix 

between  the  groups  with  lime  salts,  the 

matrix   becoming    oi)aque   and  granular 

(c  in  figure).    This  forms  a  yellow  zone  as 

seen  with  the  naked  eye.     This  zone  is 

also  suddenly  interrupted,  and  at  a  definite 

level  the  gToups  of  cartilage  cells  give  place 

ation^o/rnVTiWp'l.!^^^^^^^^^  '"''m"""  °^  bono  ossifying  from  cartilngo,  a,  commGnoomont  of  proUfer- 
fnfTi^lu;  V  ^  ^u?  1"  longitudinal  groups;  c,  matrix  of  cartilage  imprcg- 

nated  w  th  lune,  thU  calcified  matrix  i«  continued  beyond  tlio  ossifying  l,order  (c  on  Hgl  t  lidof  • 
d,  medullary  spaces  containing  round  cells  re,,lacing  cartilage  cells  ;  e,  c,  formation  of  bono  at 
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to  cavities  filled  with  foetal  marrow,  consisting  of  round  cells  and  blood- 
vessels (d).  It  is  from  these  cells  that  the  formation  of  true  bone  occurs. 
The  cells  contained  in  the  spaces  have  the  power  of  producing  bone,  and 
are  hence  called  Osteoblasts.  These  fix  themselves  to  the  walls  of  the 
cavities,  which,  as  we  have  seen,  are  composed  of  calcified  cartilaginous 
matrix,  and  each  cell  forms  around  itself  a  certain  portion  of  bone- 
tissue,  apparently  by  a  process  of  secretion.  The  tela  ossea  thus  formed 
encloses  the  cell  which  has  formed  it,  and  which  remains  as  a  bone 
corpuscle.  In  such  a  section  as  that  under  review  one  constantly  sees 
at  the  borders  of  the  cavities  layers  of  osteoblasts  with  oval  areas  of  new- 
formed  tela  ossea  around  them,  e  in  figure.  Thus  the  calcified  cartila- 
ginous matrix  is  encroached  upon,  and  the  bone  is  formed. 

Besides  this  ossification  from  cartilage,  we  have  what  is  commonly  but 
not  quite  correctly  called  Ossification  from  membrane.  In  all  such 
cases  we  have  cells  similar  to  those  in  the  cavities  mentioned  above, 
which  have  the  characters  of  osteoblasts,  and  form  bone  in  a  similar 
fashion.  These  osteoblasts  form  a  layer  under  the  periosteum,  they 
exist  also  in  the  spongy  parts  of  bones,  and  at  the  ossifying  margins  of 
flat  bones. 

The  destruction  of  bone  is  also  effected  by  active  cells  which  are 
distinguished  by  the  name  of  Osteoclasts.  By  several  authors  the 
giant-cells  or  myeloplaques  which  exist  in  foetal  bone-marrow  are  re- 
garded as  having  this  function.  Where  absorjition  is  going  on  they 
have  been  found  attached  to  the  bone,  and  lying  in  gaps  apparently 
formed  by  them  and  called  Howship's  lacunfe.  It  should  be  added  that 
this  view  is  not  universally  accepted.  Some  believe  that  the  myeloplaques 
are  not  necessary  for  absorption,  and  some  hold  by  the  opinion  of 
Virchow,  that  the  Howship's  lacunae  arise  by  the  action  of  the  bone- 
corpuscles,  the  rounded  gap  representing  a  district  belonging  to  a  bone- 
corpuscle  which  has  undergone  solution. 

When  the  period  of  growth  is  finished,  the  osteoblasts  and  the  osteo- 
clasts have  completed  their  work,  but  the  bone  remains  penetrated  in 
every  part  by  soft  tissue.  We  may  accept  the  view  of  Ranvier,  accord- 
ing to  which  the  bone  in  the  adult  state  is  enveloped  in,  and  peneti'ated 
by  the  remaining  potential  osteoblasts.  This  tissue  constitutes  the  bone- 
marrow  and  the  internal  layer  of  the  periosteum  (called  Fenosteal  nuirroio 
by  Ranvier),  while  between  these  two  there  is  a  connecting  network 
traversing  the  Haversian  canals. 

From  these  observations  it  appears  that  in  childhood  the  bones  are  in 
an  extraordinary  state  of  activity,  a  process  of  enlargement  and  recon- 
struction continually  going  on.  At  the  same  time,  the  function  of  the 
bones  as  substantial  props  is  in  full  activity.  It  is  not  remarkable,  there- 
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fore,  that  in  childhood  the  bones  are  peculiarly  liable  to  disease,  which 
may  take  origin  from  without  or  be  due  to  inherent  weakness. 

In  the  diseases  both  of  children  and  adults  again,  there  may  be  a 
partial  return  to  the  conditions  of  the  period  of  growth,  and  osteoblasts 
and  osteoclasts  resume  their  operations,  the  processes  being  now  jiatho- 
logical. 

Another  characteristic  of  pathological  processes  in  bone  is  the  occur- 
rence, formerly  alluded  to,  of  Metaplasia.  Bone,  cartilage,  and  con- 
nective tissue  are  fundamentally  the  same  tissue,  and  ajaparently  the 
same  cells  may  be,  according  to  circumstances,  osteoblasts,  fibroblasts,  or 
chondroblasts.    This  mil  be  illustrated  under  Fractures. 

L— MALFOEMATIONS  OF  BONE. 

The  more  important  malformations  of  bone  are  connected  with  gen- 
eral malformations,  and  have  been  considered  in  an  earlier  psnct.  We 
have  defects  of  the  skull  in  anencephalus,  and  of  the  vertebrae  in  spina 
bifida. 

Besides  these,  we  have  congenital  reduplication  of  bones,  such  as  of 
the  vertebrae,  the  ribs,  the  fingers,  and  toes.  Supernumerary  vertebrae 
are  met  with  in  any  of  the  regions  of  the  column.  Supernumerary  ribs 
may  be  cervical  or  lumbar.  In  Supernumerary  fingers  and  toes  the 
bones  may  be  absent,  or  may  be  represented  only  by  cartilage. 

Malformations  of  the  skull  have  been  ascribed  to  premature 
coalescence  of  the  bones  at  the  base,  or  of  the  sutures  of  the  cranium, 
a  condition  designated  Synostosis.  The  basilar  parts  of  the  occipital 
and  sphenoid  bones  are  formed  from  cartilage.  The  basilar  part  of  the 
sphenoid  is  originally  in  two  parts,  presphenoid  and  postsphenoid,  which 
unite  before  birth.  The  sphenoid  and  occipital  bones  are  separated  by 
cartilage  up  till  the  twentieth  year,  and  as  this  cartilage  has  the  charac- 
ters of  ossifying  cartilage,  the  growth  in  length  of  the  base  of  the  skull 
depends  on  it.  A  premature  synostosis  of  these  two  bones  will  check 
growth  and  lead  to  a  Shortening  of  the  base  of  the  skull.  To  this  is 
ascribed  the  existence  of  abnormal  retraction  of  the  nose. 

The  bones  of  the  calvarium  grow  at  their  margins,  or  in  other  words, 
at  the  sutures.  A  premature  coalescence  of  the  bones  or  Closure  of  the 
sutures  will  stop  this  growth.  According  to  the  sutures  aff'ected  the 
result  varies.  If  the  whole  sutures  close  there  will  be  a  general  small- 
ness  of  the  head,  a  Microcephalus.  If  there  be  a  premature  synostosis  of 
the  coronal  and  lambdoidal  sutures,  the  growth  in  length  is  checked,  and, 
as  a  compensatory  growth  in  breadth  occurs,  the  head  is  abnormally 
wide  and  flat  on  the  vertex,  conditions  designated  by  the  terms  Brachy- 


466 


DISEASES  OF  THE  BONES. 


cephalus  and  Platycephalus.  When  the  sagittal  suture  is  aifected, 
growth  in  breadth  is  interfered  with  and  an  abnormally  long  cranium  is 
jDroduced,  a  Scaphocephalus. 

There  seems  no  doubt  that  microcephalus  arising  in  this  way  may 
lead  to  arrest  of  the  growth  of  the  brain,  some  cases  of  idiocy  being  thus 
explained.  On  the  other  hand,  smallness  of  the  brain  will  be  associated 
with  smallness  of  the  skull,  Imt  this  will  not  be  associated  with  prema- 
ture synostosis. 

n.— EICKETS  OE  EACHITIS. 
Causation.- — This  disease  occurs  in  children  during  the  earlier  periods 
of  growth,  and  so  far  as  the  bones  are  concerned  it  is  a  disease  of 
development,  the  normal  process  of  ossification  being  interfered  mth. 
Cases  have  been  observed  of  congenital  rickets,  but  these  are  rare,  and 
in  the  majority  of  cases  it  begins  in  the  first  or  second  year,  its  com- 
mencement being  very  rarely  delayed  beyond  the  fourth  or  fifth  year. 
In  a  large  proportion  of  cases  its  onset  seems  to  be  in  the  latter  half  of 
the  first  year  or  the  first  half  of  the  second. 

All  endeavour  has  been  made  to  make  out  that  rickets  is  merely  a  manifestation 
of  hereditary  syphihs,  but  this  view  has  not  received  acceptance  in  this  countiy.  It 
has  been  pointed  out  again  and  again  that  rickets  is  very  common  in  cities  where 
syphiUs  is  uncommon.  In  the  city  of  Glasgow,  for  instance,  rickets  is  very  common 
among  the  poorer  classes,  but  syphilis  is  very  uncommon.  It  is  so  also  in  Aberdeen, 
Edinburgh,  Belfast,  and  elsewhere.  We  shall  see  afterwards  that  syphilis  produces 
changes  in  the  bones  in  some  respects  analogous  to  rickets,  and  atrophy  of  the 
cranial  bones,  sometimes  designated  Craniotabes,  although  foimerly  regarded  as 
rachitic,  is  probably  in  most  cases  syphilitic ;  the  two  diseases,  however,  are  essentially 
separate. 

Eickets  occurs  amongst  children  who  are  injudiciously  fed  and  badly 
housed,  and  the  disease  in  the  bones  is  to  be  regarded  as  part  of  a  gen- 
eral loss  of  health.  The  body  is  weakened,  and,  besides  the  bones,  there 
are  other  parts  that  sufi'er.  According  to  Macewen,  it  supervenes  in  a 
considerable  number  of  cases  on  an  attack  of  one  of  the  acute  fevers, 
as  measles  or  scarlet  fever,  such  an  attack  leaving  the  child  in  an  ill- 
nourished  condition.  There  are  usually  symptoms  of  indigestion  and 
intestinal  catarrh,  sometimes  with  fever,  and  in  a  certain  proportion  of 
cases  there  is  enlargement  of  the  spleen  and  sometimes  also  of  the  Liver 
and  lymphatic  glands.  The  bones,  being  the  most  actively  groAdng 
parts  at  this  period  of  life,  are,  however,  specially  affected. 

Eickets,  or  a  condition  analogous  to  it,  has  been  produced  artificially  in  growing 
animals  by  feeding  them  with  small  doses  of  iiliosphorus,  or  by  giving  them  lactic 
acid,  by  the  mouth  or  subcutaneously.  In  both  cases  the  diet  must  be  deficient  in 
lime  salts.  In  the  latter  case  it  has  been  supposed  that  the  lactic  acid,  being  a  ready 
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solvent  of  lime,  prevents  its  deposition  in  the  bones,  and  it  has  been  inferred  that  in 
the  human  subject  gastric  derangement  causes  the  formation  of  an  excess  of  lactic 
acid,  which  is  the  cause  of  the  disease  in  the  bones.  There  is,  however,  the  objection 
to  this  view,  that  rickets  is  not  always  accompanied  by  any  considerable  gastric 
disorder,  and  such  a  view  does  not  explain  its  occasional  occurrence  in  the  foetus. 
Besides,  the  disease  is  clearly  an  error  in  development,  and  were  it  due  merely 
to  absence  of  the  lime  salts,  we  should  expect  the  bony  matrix  to  be  formed  without 
the  Lime  salts.  The  very  opposite  frequently  occurs ;  we  have  often  an  impregnation  of 
the  cartilage  with  lime  salts,  a  calcification  of  the  cartilage  (see  Fig.  183,  b,  h),  while 
true  ossification  lingers.  Eickets  can,  in  most  cases,  be  cured  by  supplying  suffi- 
cient food  and  proper  lodging,  and  this  points  to  its  origin  in  the  opposite  of  these. 

Character  of  lesions. — The  lesions  in  rickets  may  be  summed  up  in 
the  statement  that  the  preparatory  stages  of  ossiiication  are  exaggerated, 
while  the  completion  of  the  process  is  delayed. 

At  the  ossifying  cartilaginous  border  the  conditions  may  be  studied 
by  examining  Fig.  183,  and  comparing  it  with  Fig.  182,  which  repre- 
sents normal  ossification,  both  figures  possessing  a  similar  degree  of 
magnification.  The  most  pronounced  difference  from  the  normal  is  the 
enormous  exaggeration  of  the  zone  of  multiplication  of  the  cartilage 
cells  {a,  a).  The  groups  of  cells  are  in  much  larger  numbers  and  occupy 
ii  much  greater  space;  at  the  same  time  they  have  not  always  the 
normal  arrangement  in  rows  parallel  to  the  long  axis  of  the  bone.  The 
cells  of  the  groups  also  vary  considerably  in  size.  In  the  normal  bone 
the  cells  in  the  deepest  part  of  this  zone  are  large,  but  in  rickets,  while 
some  are  large,  as  at  b,  there  are  others  even  at  the  same  level,  or  deeper, 
of  small  size. 

Next,  in  regard  to  the  zone  in  which  the  cartilaginous  matrix  becomes 
calcified,  this  also  is  represented  here  in  the  most  .irregular  fashion. 
Calcification  of  the  matrix  occurs,  and  calcification  of  the  cartilage  cells 
(as  at  b  on  left),  but  it  is  very  irregular.  There  will  be  calcification  of 
the  cartilage  high  up,  as  at  b,  while  there  are  numerous  groups  lower 
than  that  uncalcified.  In  many  cases  also,  whether  calcified  or  not,  the 
cartilage  cells  lose  to  a  considerable  extent  their  grouping  into  rows  (as 
below  b  on  left). 

Then  as  to  the  formation  of  medullary  cavities  and  development  of 
bone,  the  figure  shows  how  irregularly  this  occurs.  Blood-vessels 
appear  with  considerable  frequency  in  the  midst  of  the  cartilage,  and 
towards  the  deeper  parts  there  are  medullary  spaces  with  osteoblasts  in 
them.  These  may  even  be  seen  forming  new  bone,  as  at  d.  But  the 
medullary  cavities  do  not  occur  with  any  greater  regularity  than  the 
other  stages  in  the  process,  and  it  is  not  always  apparent  that  they  have 
to  do  with  the  formation  of  the  bone.  It  will  be  seen  in  the  figure 
that  at  a  certain  somewhat  indefinite  level,  which  is  lower  at  the 
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Vig.  18;i.— Longitudinal  section  of  oseifyinjf  margin  of  a  long  bone  in  rickets,  a,  pi-onferuting 
curtilage  cells,  the  area  of  tlioso  very  greatly  extended  and  the  arrangement  quite  irregular;  b,  b, 
calcification  of  tlie  cartilaginous  matrix  at  dilTercnt  levels,  but  not  followed  by  formation  of 
medullary  cavities.  The  formation  of  medullary  cavities  {e,  c)  and  of  bono  is  occurring  quite 
irregularly,  the  level  boini;  higlier  at  the  right  (o)  than  at  the  left  (f).  At  d  the  osteoblasts  are 
forming  bone.  In  various  places,  especially  at  il,  pieces  of  cartilage  arc  seen  in  the  midst  of  bone, 
.ind  an  apparent  transition  of  the  one  into  the  other  is  seen,    x  S)0.  (Thirrfei.dei!.) 
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left  side  than  at  the  right,  bony  trabeculse  appear  (c,  c).  But  it  will  also 
be  seen  that  the  bone  is  directly  continuous  with  cartilage,  the  differ- 
ence in  the  two  being  indicated  chiefly  by  the  difference  in  the  cells. 
It  appears  also  that  in  the  cartilage,  which  is  thus  immediately  con- 
tinuous with  the  bone,  the  individual  cartilage  cells  are  separated  by  a 
matrix  just  as  the  bone  corpuscles  are  (see  figure).  In  fact  there  is 
here  a  conversion  of  cartilage  into  bone,  and  there  are  even  appear- 
ances suggestive  of  the  gradual  transformation  of  cartilage  cells  into 
bone  corpuscles.  It  will  be  seen  in  various  places,  but  especially  at  d, 
that  pieces  of  cartilage  survive  in  the  midst  of  the  neAv-formed  bone. 
The  cartilage  may  be  calcified  or  not. 

To  the  naked  eye  the  changes  described  above  are  indicated  in  a 
longitudinal  section  of  a  rickety  long  bone.  The  blue  zone,  which  forms 
a  straight  narrow  transverse  line  in  the  normal  bone,  is  here  greatly  in- 
creased and  its  boundaries  are  irregular.  The  yellow  zone  of  calcifica- 
tion of  the  cartilage  is  still  more  irregular,  and  yellow  pieces  crop  up  in 
the  midst  of  the  blue  zone.  Blood-vessels  appear  also  at  different 
levels.  In  the  area  of  the  blue  zone  the  cartilage  is  greatly  swollen  as 
the  enormously  multiplying  cells  take  more  space  than  normal. 

Under  the  periosteum  the  normal  thin  layer  of  osteoblasts  is  in- 
creased till  it  forms  a  layer  of  considerable  thickness.  Bone  is  formed 
to  a  very  limited  extent  and  very  imperfectly,  so  that  instead  of  a 
proper  dense  bone,  such  as  should  be  formed  on  the  surface  of  the 
shaft,  there  is  a  loose  irregular  spongy  bone.  But  even  the  trabeculse 
of  this  spongy  bone  are  not  properly  formed.  Immediately  under  the 
thick  subperiosteal  layer  the  new-formed  bone  does  not  show  in  its 
matrix  the  homogeneous  character  of  the  matrix  of  bone  ;  it  is  granular,, 
and  the  lime  is  obviously  deposited  without  combining  with  the  matrix 
in  the  normal  manner.  It  is  a  calcification  rather  than  an  ossification, 
and  the  trabeculse  are  rather  osteoid  than  osseous.  On  passing  inwards 
the  tissue  becomes  more  strictly  osseous  however,  although  hardly 
acquiring  the  regular  arrangement  of  the  dense  bone  of  the  shaft. 

Corresponding  with  the  structiire  described  are  the  naked-eye  char- 
acters. The  subperiosteal  layer  is  seen  in  the  form  of  a  red  vascular 
layer  of  some  thickness.  This  is  so  obvious  in  some  cases  that,  at  one 
time,  it  was  described  as  if  a  blood-clot  were  formed  under  the  perios- 
teum. Beneath  this  the  spongy  character  of  the  bone  can  be  seen, 
while  the  shaft  is  considerably  thicker  than  normal  and  obviously  more 
easily  bent. 

Deformities  of  the  bones  due  to  rickets. — In  considering  the  de- 
formities so  often  produced  by  rickets,  it  is  to  be  remembered  that 
the  two  chief  changes  in  the  bones  are,  in  the  first  place,  enlargement 
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and  softening  of  the  epiphyseal  extremities  of  the  bones  from  the 
affection  of  the  cartilage,  and,  in  the  second  place,  thickening  with 
loss  of  resistance  of  the  shaft  from  the  periosteal  lesion.  These  con- 
ditions do  not  always  go  strictly  parallel,  one  or  other  being  frequently 
the  more  prominent  in  a  particular  bone.  The  various  bones  of  the 
body  also  present  very  commonly  different  degrees  of  rickets,  although 
the  disease,  being  a  general  one,  usually  affects  many  bones.  Even  in 
bones  affected  to  a  similar  extent,  however,  the  resulting  deformities 
present  very  great  variations ;  the  deformities  consist  largely  of  curva- 
tures of  the  bones  from  the  application  of  external  forces,  and  the  bones 
are  differently  placed  in  relation  to  such  forces. 

Deformities  of  the  long  bones.— The  most  obvious  change  at  the  outset  is  swelling 
of  the  cartilaginous  ends  of  the  long  bones,  giving  a  clubbed  or  knobbed  appearance 
to  the  Hmbs.  This  is  common  to  all  the  long  bones,  and  is  the  condition  generaUy 
taken  in  practice  as  evidence  of  the  existence  of  the  disease.  The  bones  are 
also  arrested  in  their  growth,  so  that  they  are  stunted  while  at  the  same  time 
they  are  unduly  thick. 

The  remaining  deformities  occur  in  the  majority  of  cases  in  the  lower  limbs,  and 
are  the  result  of  the  weight  of  the  body  acting  on  the  bones  in  their  weakened 
condition.  Similar  deformities  are  met  with  in  the  bones  of  the  arms  in  cases 
where  external  force  is  frequently  applied  to  them,  as  where  a  child  in  creeping  leans 
on  the  arms,  or  where  a  nurse  frequently  lifts  a  child  by  one  arm  (Macewen).  The 
deformities  consist  mainly  of  curvatures  of  the  shafts  of  the  bones,  along  with 
shifting  of  the  epiphyses  in  some  cases. 

Shifting  of  the  epiphyses  is  due  to  the  condition  of  the  ossifying  cartilage.  The 
extended  blue  zone  at  the  cartilaginous  border,  being  soft,  allows  the  epiphysis  to 
change  its  position  according  to  the  direction  of  pressure,  and  so  at  the  ankle  the 
epiphysis  is  sometimes  displaced  inwards,  and,  as  it  were,  overhangs  the  joint  on  its 
internal  aspect.  The  same  may  occur  at  the  knee-joint,  and  the  internal  condyle 
may  exceed  in  length  the  external  even  after  the  disease  has  been  cured. 

The  curvatures  of  the  bones  are  due  mainly  to  the  weight  of  the  body  acting  on  the 
softened  shafts,  and  as  the  pressure  acts  mainly  on  the  lower  limbs  the  two 
principal  forms  are  genu  valgum  and  genu  varum. 

Genu  valgum,  or  Imock-lmee,  is  a  condition  in  which  the  thigh  and  leg  form  an 
angle  at  the  knee  with  its  apex  inwards.  This  deformity  depends  usually  on 
several  alterations.  There  is  generally  a  curve  of  the  lower  third  of  the  femur,  with 
its  convexity  inwards,  the  effect  of  this  being  that  the  intei-nal  condyle  is  lower  and 
the  external  higher  than  normal.  Along  with  this  there  is  usually  the  lengthening 
of  the  internal  condyle  already  referred  to.  As  a  rule  the  tibia  is  not  bent,  the  two 
conditions  named  taking  the  chief  part  in  producing  the  deformity,  but  sometimes 
the  shaft  of  the  tibia  is  at  an  angle  with  the  epiphysis,  as  if  the  latter  were  to  some 
extent  overhanging  the  former.  In  addition  the  femur  or  tibia  sometimes  shows  an 
anterior  curvature,  which  of  course  does  not  increase  the  valgum  condition. 

Genu  varum,  or  bow-legs,  is  the  converse  condition  to  genu  valgum.  The  shafts 
of  the  femur  and  tibia  are  curved,  with  the  convexity  outwards,  but  these  bones 
take  part  in  the  deformity  in  very  different  degrees,  the  tibial  curve  being  more  fre- 
quent and  usually  more  pronounced  than  that  of  the  femur. 
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The  long  bones  being  soft  and  flexible  are  not  so  Kable  as  normal  bones  to  com- 
plete fractures,  but  they  are  specially  liable  to  Partial  fractures  or  infractions.  If  the 
bone  is  suddenly  bent  it  does  not  break  across,  but  is  partially  torn  as  when  an 
attempt  is  made  to  break  a  green  stick.  In  this  case  the  concave  surface  of  the 
bent  bone  gives  way  and  the  convex  surface  does  not.  The  marrow  is  torn  by  the 
broken  concave  portion,  the  broken  edges  of  which  may  be  projected  through  the 
marrow  to  the  opposite  internal  wall.  This  kind  of  fracture  has  been  aptly  com- 
pared by  Virchow  to  the  breaking  of  a  quill.  These  infractions  occur  most  frequently 
at  the  lower  part  of  the  tibia,  also  in  the  pelvis  and  ribs,  and  less  frequently  in  thfe 
bones  of  the  arm. 

Deformities  of  the  chest. — The  jvmction  of  the  cartilaginous  and  bony  ribs  is 
analogous  to  the  ossifying  cartilage  of  a  long  bone,  and  undergoes  a  similar 
thickening  in  rickets.  These  parts  of  the  ribs  are  therefore  knobbed,  and  there  is 
thus  a  row  of  knobs  on  each  side  of  the  chest — the  so-called  Rachitic  rosary.  The 
chest  is  also  liable  to  deformity  from  the  flexibility  of  the  ribs.  During  inspiration 
the  lateral  aspects  of  the  ribs  are  drawn  inwards  from  being  unable  to  withstand  the 
atmospheric  pressure,  so  that  instead  of  the  natural  arch  with  the  convexity  out- 
wards, these  lateral  portions  are  flattened  or  even  rendered  concave.  As  the  ribs 
take  thus  a  straighter  course  the  sternum  is  j)ushed  forward,  and  the  antero- 
posterior diameter  of  the  chest  increased. 

Deformities  of  the  vertebrae. — The  vertebra  very  often  escape  in  the  milder  forms 
of  rickets,  but  in  many  cases  they  also  are  composed  of  abnormally  spongy  bone, 
and  allow  of  the  occurrence  of  curvature.  Such  curvatures  are  mostly  exaggera- 
tions of  the  normal  antero-posterior  curves,  but  lateral  curvature  also  occurs.  Any 
considerable  curvature  will  cause  narrowing  of  the  chest,  and  if  this  be  associated 
with  the  deformity  mentioned  above  the  interference  with  the  circulation  and 
respiration  may  be  serious. 

Deformities  of  the  pelvis. — These  are  of  great  importance  in  the  female  in  relation 
to  the  possible  occurrence  of  pregnancy  in  after  life.  The  chief  deformity  is  pro- 
duced by  the  weight  of  the  body  acting  through  the  vertebral  column  on  the 
sacrum.  This  bone  is  pushed  forward  and  the  pelvis  undergoes  a  corresponding 
displacement  of  its  parts,  the  antero-posterior  diameter  being  diminished.  The 
growth  of  the  bones  here  also  is  stunted,  and  the  pelvis  therefore  remains  unduly 
small. 

The  bones  of  the  head  frequently  undergo  very  marked  deformities.  The  bones  of 
the  face,  like  the  bones  generally,  are  stunted  in  their  growth  so  that  the  face  is 
small.  It  is  also  stated  that  the  jaws  by  the  action  of  the  muscles  undergo  changes 
in  shape  by  which  the  lower  jaw  is  shortened  and  the  upper  jaw  lengthened,  so  that 
the  teeth  of  the  latter  overlap  very  much  those  of  the  former.  While  these  are 
the  conditions  in  the  face  the  bones  of  the  cranium  present  striking  peculiarities. 
The  flat  bones  ossify  from  membrane,  and  in  rickets  we  have  the  ossification 
lingering  behind  so  that  at  their  borders  these  bones  present  somewhat  broad  areas 
in  which  there  is  soft  tissue  like  that  under  the  periosteum.  The  efl'ect  of  this  is  to 
cause  an  apparent  widening  of  the  sutures  and  extension  of  the  fontanelles.  The 
closure  of  the  fontanelles  is  also  delayed.  The  cranium  is  enlarged  in  rickets,  at 
least  its  circumference  is  greater,  and  at  the  same  time  it  is  commonly  flattened  on 
the  summit.  The  enlargement  of  the  cranium  with  the  stunted  condition  of  the 
face,  causes  the  well-known  overhanging  of  the  brow  so  often  seen. 

Another  occasional  consequence  of  rickets  is  the  condition  designated  Craniotabes. 
As  we  shall  see  afterwards  this  is  frequently  a  consequence  of  syphilitic  disease  of 
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the  bones,  but  it  occurs  also  in  rickets.  The  bone  in  rickets  is  soft,  possessing  less 
power  of  resistance  than  normal  bone.  If  the  child  be  lying  constantly  on  one  spot, 
or  if  the  contents  of  the  skull  be  increased,  as  in  chronic  hydrocephalus,  then  the 
pressure  on  the  bone  may  cause  it  to  waste.  This  occurs  most  frequently  when 
both  these  conditions  are  present,  and  the  bone  is  as  it  were  between  two  pressures. 
In  this  way  may  occur  thinning  and  actual  perforation  of  the  skull,  so  that  in  the 
midst  of  the  bones  there  will  be  holes,  where  the  brain  is  covered  by  the  soft  parts 
alone.  From  the  nature  of  the  case  it  will  be  understood  that  these  apertures  are 
■mostly  in  the  occipital  or  the  parietal  bone,  according  as  the  child  Ues  mostly 
on  its  back  or  side. 

Recovery. — This  takes  place  in  rickets  by  the  removal  of  the  in- 
sanitary conditions,  or  by  the  termination  of  the  period  of  groAvth. 
The  ossification  advances  in  the  cartilage  and  under  the  periosteimi. 
The  spongy  bone  produced  under  the  periosteum  becomes  dense,  and 
so  the  bone  may  be  unduly  heavy  and  thick,  while  it  is  stunted.  The 
deformities  having  occurred  in  a  rigid  structure  are  rendered  even  more 
fixed  by  the  completion  of  the  ossification.  There  is,  however,  in  the 
course  of  time  an  effort  on  the  part  of  nature  to  restore  the  normal 
architecture  of  the  bones ;  where  they  are  bent  absorption  occurs  on 
the  convex  surfaces  and  increased  newformation  on  the  concave  ;  there 
may  be  considerable  restoration  of  the  proper  shape  in  the  long  bones, 
but  usually  much  less  in  the  pelvis,  head,  and  thorax. 

Literature. — Glisson,  De  rachitide,  1650  and  1671;  Bbosifield,  Chir.  obs.  and 
cases,  1757,  vol.  ii. ;  Stiebel,  in  Virchow's  Handb.  der  spec.  Path.  u.  Therap.,  Bd. 
i.,  1854;  AiTKEN,  in  Eeynold's  Med.,  i.,  1866;  Smith,  in  Internat.  Syst.  of  Sm-g.,  i., 
1882 ;  Kassowitz,  Die  normale  Ossiiication,  1881 ;  Pommeb,  Osteomalacic  und 
Eachitis,  1885 ;  Neumann,  Ueber  fotale  Eachitis,  1881 ;  Macewen,  Osteotomy, 
1880. 

III.— RETEOGRADE  CHANGES. 

1.  Atrophy. — The  bones  are  liable  to  various  forms  of  atrophy.  One 
of  the  commonest  forms  is  that  described  as  Atrophy  from  pressure, 
which,  however,  is  not  a  true  atrophy  but  an  absorption  of  bone.  It  is 
illustrated  by  the  case  of  Aneurysms  which  in  their  gro"\Hh  meet  -with 
bony  structures,  such  as  the  vertebrae  (see  Fig.  174,  p.  421),  or  the 
sternum  and  ribs.  The  bone  is  eroded,  while  any  related  cartilage  is 
preserved.  In  this  way  the  intervertebral  cartilages  or  the  cartilaginous 
ribs  may  be  rendered  unduly  prominent  by  destruction  of  the  bone.  A 
similar  erosion  of  the  bone  is  sometimes  produced  in  the  skull  by  the 
Pacchionian  bodies,  which  may  produce  deep  pouches  in  the  internal 
table.    Tumours  also  lead  by  pressure  to  destruction  of  bone. 

Senile  atrophy  of  the  bones  is  a  true  atrophy.  It  consists  in  a 
general  diminution  in  the  organic  matrix  of  the  bone  so  that  the 
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proportion  of  lime  salts  increases,  but  there  is  at  the  same  time  fre:- 
quently  a  diminution  in  thickness  or  an  increased  porosity  of  the  bone. 
In  old  age  the  neck  of  the  femur  is  frequently  shortened  and  fornls  a 
Avider  angle  -with  the  shaft.  The  calvarium  in  old  people  is  frequently 
diminished  in  thickness  and  very  translucent,  but  this  is  by  no  means 
constant,  nor  is  it  limited  to  old  people. 

Atrophy  from  disuse  and  from  nervous  lesions  occurs  chiefly  in 
cases  of  paralysis.  A  case  of  pseudo-hypertrophic  paralysis,  for  ex- 
ample, in  the  museum  of  the  Western  Infirmary,  shows  great  atrophy 
of  the  bones  of  the  lower  limb.  In  infantile  paralysis  and  locomotor 
ataxia  there  is  also  frequently  atrophy  of  the  bones  at  the  joints. 
After  Fractures  which  have  not  united,  the  bones  may  atrophy,  some- 
times from  disuse  but  at  other  times  from  interference  with  the  nutrient 
artery. 

Finally,  atrophy  occurs  in  the  bones  without  manifest  cause.  It 
may  be  a  simple  thinning  or  increased  porosity  of  the  bones,  but  in 
other  cases  it  takes  the  form  of  softening  such  as  is  described  in  next 
section.  Increased  porosity  may  be  associated  with  enlargement  of  the 
bones,  as  in  the  disease  described  by  Paget  under  the  name  Osteitis 
deformans.    (See  under  Hypertrophy.) 

2.  Osteomalacia  or  Mollities  ossium. — This  condition  is  liable  to  be 
confused  with  rickets  on  the  one  hand  and  simple  atroishy  on  the  other. 
It  differs  from  rickets  in  being  a  disease  of  mature  bone,  rarely  occur- 
ring in  children.  It  leads,  like  rickets,  to  weakness  of  the  bones, 
rendering  them  liable  to  various  curvatures  and  deformities. 

In  its  causation  the  disease  is  often  obscure,  but  pregnancy  seems  in 
many  cases  the  determining  cause.  It  may  come  on  during  pregnancy 
and  run  a  rapid  course.  It  has  also  been  observed  in  cases  of  insanity, 
and  here  the  softness  of  the  bones  may  lead  to  fractures  from  com23ara- 
tively  slight  violence. 

The  disease  usually  begins  in  the  bones  of  the  pelvis,  vertebrae,  or  ribs, 
but  extends  to  the  rest  of  the  skeleton,  continuing  to  progress  iq)  till 
death.  In  extreme  cases  the  bones  may  be  bent  in  any  direction,  and 
the  parts  exposed  to  pressure  are  curved  inwards.  In  less  severe  cases 
there  arc  various  curvatures  and  partial  fractures.  The  pelvis  is 
specially  liable  to  deformity,  the  acetabula  being  jjushed  inwards  and 
the  cavity  narrowed.  The  bones  as  seen  after  death  are  soft  and  light 
so  that  they  will  float  in  water,  and  they  are  easily  cut  with  the  knife 
or  scissors. 

The  lesion  consists  in  a  solution  of  the  bone  with  a  corresponding 
increase  in  the  medullary  spaces.  It  begins,  as  shown  in  Fig.  184,  in  a 
decalcification  of  the  bony  trabeculse,  in  the  parts  next  the  medullary 
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spaces  and  Haversian  canals,  so  that  instead  of  these  trabeculse  having 
in  the  fresh  state  a  homogeneously  opaque  appearance,  they  show  at 
their  peripheries  a  transparent  zone  in  which  the  bone  corpuscles  are 
visible  but  without  their  canaliculi.  The  ajjpearance  of  these  parts  is 
precisely  that  of  bone  artificially  decalcified  by  steeping  in  an  acid. 
The  decalcified  parts  may  be  rendered  prominent  by  staining  with  car- 
mine, the  unaffected  bone  remaining  uncoloured  while  the  affected  parts 
are  stained.  The  disease  advances  by  the  decalcified  parts  dissolving 
so  that  the  medullary  spaces  increase,  while  the  decalcification  further 
encroaches  on  the  bony  trabecular. 


Fig.  1S4.— A  fragment  of  bone  from  a  case  of  osteomalacia.  The  central  part  shows 
the  usual  appearance  of  bone,  while  the  marginal  parts  are  transparent,  being  devoid 
of  lime  salts,  although  still  showing  bone  corpuscles,    x  90. 

The  bone-marrow  is  in  some  cases  rei^laced  by  round-celled  tissue  as 
if  the  process  partly  partook  of  an  inflammatory  character ;  in  other  cases 
the  adipose  tissue  of  the  marrow  seems  to  undergo  increase,  so  as  to  fill 
the  enlarged  spaces.  This  appears  to  have  been  the  case  in  specimens 
examined  by  John  Hunter,  which  he  thus  describes  :  "  The  component 
parts  of  the  bone  were  totally  altered,  the  structure  being  very  diflferent 
from  other  bones,  and  wholly  composed  of  a  new  substance  resembling 
a  species  of  fatty  tumour,  and  giving  the  appearance  of  a  spongy  bone 
deprived  of  earth  and  soaked  in  soft  fat."  In  these  cases  the  medulla 
forms  a  bright  yellow,  pink  or  deep  crimson  material,  and  when 
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examined  microscopically  presents  free  oil  in  great  quantity  with 
crystals  of  margarine. 
Necrosis  is  considered  in  a  special  section  after  inflammation. 

Literature.— John  Hunter  quoted  by  Paget,  Lect.  on  Surg.  Path.,  1870,  p.  103; 
Stansky,  Eech.  sur  Post6omalacie,  1851 ;  Eokitansky,  Handb.  d.  path.  anat. ;  Eind- 
FLEiscH,  Path.  Hist. ;  Cohnhbim,  Path.  Anat.,  i. ;  Pomiier,  Unters.  iiber  Osteomalacia 
imd  Eachitis,  1885;  Eehn  (a  case  in  childhood),  Jahrb.  f.  Kinderheilk.,  xii.;  Vincent, 
in  Internat.  syst.  of  surg.,  1886 ;  Shattock,  Path,  trans.,  xxxviii.,  1887. 

IV.— INFLAMMATIONS  OF  BONE.    OSTITIS,  PEEIOSTITIS, 
OSTEOMYELITIS. 

Introductory.— Inflammations  of  bone  are  sometimes  distinguished 
according  as  they  affect  the  periosteum  (Periostitis),  the  bone  proper 
(Ostitis),  or  the  bone-marrow  (Osteomyelitis).  Such  a  distinction,  how- 
ever, is  not  consistent  with  actual  fact.  We  have  already  seen  that  in 
the  growing  bone  the  proper  tela  ossea  is  enveloped  in  an  active  cellular 
tissue,  which  is  beneath  the  periosteum,  in  the  substance  of  the  bone 
filling  its  spaces,  and  in  the  medulla.  In  the  adult  the  remains  of  this 
tissue  is  still  present  and  capable  of  activity.  In  inflammations  it  is  this 
tissue,  which  by  some  writers  is  together  regarded  as  the  bone-marrow, 
which  is  specially  affected.  The  majority  of  cases  of  inflammation  of 
bone  occur  in  childhood,  when  this  tissue  is  still  active,  and  when 
inflammation  occurs  in  adults  the  state  of  activity  is  restored.  ^\Tiilc 
this  is  true  it  will  be  understood  that  the  phenomena  of  inflammation 
are  frequently  most  manifest  on  the  surface  or  in  the  marrow  of  bones, 
because  the  soft  tissue  is  most  abundant  there.  It  is  also  to  be  remem- 
bered that  the  surface  of  bones  is  most  exposed  to  injury,  and  that 
inflammations  may  thus  arise  which  will  chiefly  affect  the  periosteum 
and  superficial  layers  of  the  bone. 

It  will  be  convenient  to  divide  the  inflammations  into  the  acute  sup- 
purative, and  the  chronic,  although  the  former  frequently  pass  into  the 
latter. 

1.  Acute  and  suppurative  inflammations  of  bone.— It  has  been 
pointed  out  in  the  earlier  pages  that  suppuration  is  virtually  always  due 
to  the  action  of  pyogenic  microbes.  These  may  be  directly  introduced 
from  without  or  may  reach  the  bone  by  the  blood,  and  hence  two  forms 
may  be  distinguished. 

(a)  Acute  traumatic  ostitis. — This  occurs  chiefly  in  cases  of  Com- 
pound fracture  where  septic  processes  have  occui-red  in  the  wound.  It 
used  to  be  very  common  before  the  introduction  of  antiseptic  surgery. 
The  suppurative  inflammation  extends  between  the  broken  ends  of  the 
bones,  and  amongst  the  .surrounding  soft  tissues,  and  abscesses  fre- 
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quently  form  around  the  seat  of  injury.  There  may  also  be  pus  in  the 
medullary  cavity,  disintegrating  the  bone-marrow.  Extension  of  the 
septic  process  to  the  veins  is  not  uncommon,  so  that  thrombo-phlebitis 
and  pyaemia  result. 

A  suppurative  inflammation  involving  the  periosteum  and  superficial 
layers  of  the  bone  may  occur  in  connection  with  a  suppurating  wound 
or  abscess  which  has  penetrated  to  the  bones. 

(b)  Acute  infective  ostitis. — This  name  may  be  applied  to  a  form  of 
disease  which  has  attracted  much  attention  of  late  years  and  has  been 
described  under  various  names,  such  as  Acute  periostitis,  Malignant 
osteomyelitis,  Epiphyseal  ostitis.  Infective  ostitis,  Pseudo-rheumatic 
ostitis,  Typhus  of  the  limbs.  These  names  refer  to  special  featiires 
presented  by  different  cases.  The  disease  consists  in  an  acute  inflam- 
mation which  nearly  always  goes  on  to  suppuration,  and  occurs  mthout 
any  apparent  sufiicient  cause. 

Causation. — The  essential  cause  here  is  a  pyogenic  microbe  which  in 
a  number  of  cases  has  been  identified  as  the  Staphylococcus  pyogenes  aureus. 
In  a  case  observed  by  the  author  a  plate  cultivation  showed  the  presence 
of  great  multitudes  of  this  microbe.  Experiments  on  animals,  akeady 
alluded  to,  show  that  when  a  bone  is  injured  and  cultures  of  this  microbe 
are  injected  into  the  animal,  the  former  will  settle  in  the  injured  bone 
and  produce  a  suppurative  inflammation.  In  man  the  bone  is  always 
so  far  predisposed  in  respect  that  the  disease  is  one  of  Adolescents  in 
whom  the  tissues  are  excessively  active,  and  there  is  usually  also  the 
history  of  an  injury  inflicted  before  the  beginning  of  the  illness.  The 
bones  most  frequently  affected  are  those  most  exposed  to  injury.  The 
fact  that  boys  are  much  more  frequently  attacked  than  girls,  points  in 
the  same  direction.  It  may,  perhaps,  be  said  that  when,  by  accident, 
the  microbes  in  question  are  present  in  the  blood,  perhaps  by  absorption 
from  the  alimentary  canal,  an  injury,  otherwise  tri^aal,  may  determine 
their  settlement  in  a  bone,  and  so  the  disease  may  be  induced. 

Character  of  lesions. — The  inflammatory  process  j^resents  varying 
degrees  of  severity  and  extent,  as  weU  as  considerable  variety  in  its 
seat.  The  bones  most  frequently  affected  are  the  long  bones,  more 
especially  the  tibia,  but  it  occurs  in  the  pelvic  bones,  the  vertebrae, 
especially  the  atlas,  and  in  other  situations. 

In  some  cases  the  periosteum  is  chiefly  affected,  and  to  these  the 
name  of  Acute  periostitis  is  often  given.  The  periosteum  is  swollen 
and  hypersemic,  and  suppuration  usually  ensues  rapidly.  The  pus 
accumulates  between  the  periosteum  and  the  bone,  and  the  periosteum 
is  sometimes  gangrenous.  The  bone  beneath  frequently  undergoes 
necrosis,  but  this  result  is  by  no  means  constant. 


CHRONIC  INFLAMMATIONS  OP  BONE. 


467 


111  Other  cases  there  is  a  more  diffused  inflammation,  affecting  the 
bone  and  medulla  as  well  as  the  periosteum,  or  there  may  even  be  a 
special  involvement  of  the  medulla.  In  these  cases  pus  is  present  in 
the  medullary  cavity  and  in  the  substance  of  the  bone.  According  to 
Oilier  the  inflammation  frequently  localizes  itself  in  the  neighbourhood 
of  the  ossifying  borders  of  the  shafts  of  long  bones.  This  region  as  it  is 
next  the  epiphysis  (though  a  portion  of  the  diaphysis)  he  designates 
Juxta-epiphyseal.  The  reason  of  this  localization  will  be  apparent 
from  the  fact  that  this  is  the  region  of  greatest  activity. 

Along  with  these  local  phenomena  there  is  commonly  more  or  less 
fever,  and  this  may  be  very  great  in  comparison  with  the  local  pheno- 
mena. The  designation,  'typhus  of  the  limbs,'  points  to  the  occasional 
occurrence  of  such  severe  febrile  phenomena. 

Necrosis  may  occur  in  the  several  forms  of  this  disease,  but  it  is  by 
no  means  uniformly  present,  its  occurrence  depending  chiefly  on  local 
interference  with  the  blood-supply,  and  perhaps  also  on  the  condition  of 
the  person  affected.    (See  under  Necrosis.) 

Pyaemia  occasionally  develops  as  a  result  of  the  extension  of  the 
septic  process  to  the  veins. 

(c)  Post-febrile  ostitis. — An  acute  ostitis  in  many  respects  similar  to 
that  just  described,  sometimes  follows  the  acute  fevers,  such  as  acute 
rheumatism,  typhoid  fever,  scarlet  fever,  measles,  dysentery,  etc. 

(d)  Abscess  in  bone.  —Abscesses  are  met  with  in  the  cancellous  tissue 
of  the  ends  of  the  long  bones,  where  they  are  probably  the  result  of  an 
infective  or  post-febrile  ostitis.  The  abscess  expands  the  end  of  the 
bone,  which  may  attain  large  dimensions. 

2.  Chronic  inflammations  of  bone.  Chronic  ostitis.— In  its  Causa- 
tion, chronic  ostitis  is  very  varied.  All  sorts  of  irritants  acting  on  the 
bones  lead  to  it.  Traumatic  agents  causing  wounds  and  more  especially 
fractures  are  a  frequent  cause.  The  processes  concerned  in  the  healing 
of  fractures  are  essentially  those  of  chronic  inflammation.  Necrosis, 
from  whatever  cause,  leads  to  a  chronic  ostitis  around  the  dead  jjiece. 
Again,  inflammations  of  joints,  whether  tubercular,  traumatic,  rheumatic, 
or  other,  lead  to  inflammations  of  the  neighboimng  parts  of  the  bones, 
the  agent  which  causes  the  inflammation  in  the  joint  acting  also  by 
absorption  and  in  a  diluted  form  on  the  bone.  Syphilis  and  tuberculosis, 
although  producing  specific  lesions,  also  lead  to  ostitis.  Phosphorus 
produces  a  peculiar  form  of  ostitis  associated  with  necrosis.  (See  under 
Necrosis.) 

The  chronic  inflammation  produces  activity  in  the  soft  structures  of 
the  bones.  These  become  cellular  so  as  to  be  converted  into  Granula- 
tion tissue.    This  will  occupy  the  various  situations  already  referred  tp 
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as  those  occupied  by  the  active  tissue  of  growing  bones.  It  will  be 
present  in  the  medullary  spaces,  in  the  Haversian  canals,  and  on  the 
surface  of  the  bone  beneath  the  periosteum.  It  is  an  active  tissue  and 
produces  changes  analogous  to  those  of  the  similar  tissue  in  growing 
bones.  These  changes  consist  in  absorption  of  the  existing  bone  on  the 
one  hand  and  nevpformation  of  bone  on  the  other.  It  is  thus  possible 
to  distinguish  a  rarefying  or  destructive  and  a  formative  effect.  These 
two  processes  commonly  co-exist  in  the  same  case,  but  the  one  or  other 
may  predominate. 

The  Earefaction  of  bone  (sometimes  called  rarefying  ostitis)  occurs  by 
enlargement  chiefly  of  the  smaller  spaces  and  channels,  such  as  the 
Haversian  canals.  It  is  manifested  chiefly  in  the  shafts  of  long  bones, 
where  the  dense  bone  may  be  converted  into  a  loose  cancellous  tissue. 
There  is  usually  at  the  same  time  newformation  of  bone,  so  that  the 
thickness  of  the  shaft  is  increased.  The  granulation  tissue  acting  on 
the  bony  trabecules  causes  absorption  of  the  bone,  and  it  is  believed  that 
the  giant-cells  or  myeloplaques  are  chiefly  engaged  in  the  process. 

Newformation  is  a  more  constant  and  important  effect.    In  all  forms 


Fig.  1S5. — Newformation  of  boue  iu  connection  with  iufiammatiou. 
The  osteoblasts  are  getting  surrounded  by  bony  matrix  and  becoming 
bone-corpuscles,    x  85. 

of  inflammation  there  is  liable  to  be  thickening  of  the  bones  from  new- 
formation  on  the  surface.  As  this  takes  jjlace  luider  the  periosteum  it 
is  generally  ascribed  to  periostitis,  and  this  membrane  is  generally 
credited  with  a  special  power  of  bone-formation.  It  is,  however,  merely 
thc  local  circumstances  which  determine  the  situation  of  the  newforma- 
tion, and  there  is  not  infrequently  an  encroachment  on  the  medullary 
cavity  as  well  as  apposition  on  the  surface.  Moreover,  the  thickening  is 
not  necessarily  all  due  to  apposition.  With  rarefaction  there  may  be  an 
expansion  outwards  of  the  graniilation  tissue  in  the  bone.    The  new- 
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formed  bone  has  a  rough  tiiberculated  surface  such  as  that  shown  in 
Fig.  186,  p.  471.  The  newformation  may  follow  on  the  process  of  rare- 
faction so  that  a  dense  thickened  bone  may  be  the  result  {condensing 

The  process  of  neAvformation  is  similar  to  that  in  ordinary  ossification. 
The  granulation  cells  act  as  osteoblasts  (see  Fig.  185),  surround  them- 
selves with  osseous  matrix,  and  remain  buried  in  this  as  the  bone- 
corpuscles. 

Literature.— Stanley,  On  diseases  of  bones,  1849 ;  Klebs,  Beitr.  zur  path.  Anat. 
der  Schusswunden,  1872;  Eosenbach,  Mikroorganismen  b.  d.  Wundinfectionskr., 
1884 ;  Gaeee,  Fortschritte  der  Med.,  1885  ;  Ollieb,  in  Internat.  Encyel.  of  Surg.,  vi., 
1886. 

V. -HYPERTROPHY  OF  BONE.  HYPEROSTOSIS,  PERIOSTOSIS. 
The  distinction  between  hypertrophy  of  bone  and  chronic  inflamma- 
tion is  sometimes  a  difficult  one  to  draw.  In  the  former  there  is  a  new- 
formation,  as  in  the  latter,  and  it  may  be  only  the  absence  of  a  definite 
inflammatory  irritant  which  may  determine  the  distinction.  In  true 
hypertrophy  new  bone  is  formed  of  a  strictly  normal  character,  and  the 
result  is  a  general  or  local  enlargement  of  the  bone.  A  general  enlarge- 
ment of  a  bone  is  called  Hyperostosis,  while  a  partial  enlargement  is 
Periostosis. 

The  Causation  is  in  most  cases  obscure.  It  may  be  determined,  as 
already  mentioned  (p.  180),  by  a  prolonged  hypersemia,  which  gives  rise 
to  increased  nutritive  activity,  but  in  general  we  have  to  do  with  a 
gradual,  apparently  causeless,  enlargement. 

A  General  hyperostosis,  in  which  the  bones  generally  are  enlarged, 
has  been  described  by  Paget  under  the  designation  Osteitis  deformans. 
As  the  name  implies,  Paget  regards  the  condition  as  the  result  of  inflam- 
mation. The  disease  usually  aff"ects  in  the  first  place  the  bones  of  the 
lower  limb  and  the  cranium.  These  undergo  great  enlargement,  while 
at  the  same  time  their  tissue  is  opened  out  as  by  a  rarefying  ostitis. 
The  bones  are  also  softened  so  that  various  curvatures  are  produced. 
The  enlarged  medullary  spaces  are  filled  as  in  inflammation  with  a  tissue 
which  is  abundantly  cellular.    The  name  Osteoporosis  is  also  given. 

A  peculiar  feature  in  this  disease  is  the  frequent  co-existence  of 
tumours,  which  may  be  either  sarcomatous,  cancerous,  or  lymphatic  (as 
in  a  case  of  Goodhart's),  but-are  not  seated  in  the  bones. 

A  hyperostosis  affecting  single  bones  has  been  observed  chiefly  in  the 
skull  and  face.  These  bones  may  bo  enormously  enlarged,  and  the  fiicc 
in  particular  may  take  on  characters  which  have  suggested  Virchow's 
name  of  Leontiasis  ossea. 
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A  Periostosis  is  more  unusual  apart  from  inflammatory  enlargement, 
but  sometimes  partial  enlargements  of  the  processes  of  bones  have  been 
observed. 

Literature. — Paget,  Med.  chir.  trans.,  vol.  Ix.,  1876 ;  Treves,  Path,  trans.,  xxxii., 
1881;  SiLCOCK,  ibid.,  xxxvi.,  1885;  Eobinsox,  ibid.,  xxxviii.,  1887;  Goodhab*,  ibid., 
xxxix.,  1888 ;  Glutton,  ibid. 

VI.— NECROSIS  OF  BONE. 

Death  of  bone  is  of  frequent  occurrence  and  it  leads  to  such  obvious 
Ijhenomena  that  the  term  Necrosis  has  been  almost  monopolized  by 
surgeons  for  this  condition. 

Causation. — Necrosis  in  bone  is  nearly  always  the  result  of  interrup- 
tion of  the  blood-sujDply.  From  its  frequency  it  might  be  supposed  that 
l)one  readily  succumbed  to  such  deprivation,  but  the  reverse  of  this 
seems  to  be  the  case,  Macewen's  observations  in  regard  to  transplanta- 
tion seem  to  show  this.  (See  under  Transplantation.)  Bone  receives 
its  supply  of  blood  partly  through  small  vessels  which  pass  from  the 
periosteum  and  partly  by  larger  vessels,  of  which  there  is,  generally  a 
special  one  for  each  bone,  Avhich  penetrate  the  bone  and  are  distributed 
from  within,  such  vessels  being  specially  named  the  nutrient  vessels. 

Necrosis  is  mostly  brought  about  by  the  periosteum  being  raised, 
sometimes  traumatically  but  generally  as  a  consequence  of  inflammation, 
esjiecially  when  ^^us  accumulates  between  the  membrane  and  the-  bone. 
In  this  way  the  periosteal  sujaply  is  cut  off,  and  the  nutrient  vessels 
may  also  be  severed.  According  to  Macewen  the  supply  of  the  nutrient 
vessel  of  a  long  bone  is  generally  sufficient  to  keep  the  bone  aHve  even 
when  the  whole  periosteum  is  stripped.  This  author  records  a  case  in 
which  the  whole  diaphysis  of  the  tibia  was  denuded  of  periosteum,  but 
in  which  the  persistence  of  the  nutrient  vessels  caused  all  the  bone  to 
survive  except  a  small  superficial  scale. 

Necrosis  is  an  occasional  result  of  inflammation  in  the  bone  itself,  and 
it  occurs  in  the  form  of  caseous  necrosis  in  tuberculosis.  Injuries,  by 
separating  a  portion  of  bone,  will  sometimes  produce  necrosis,  and  will 
do  so  almost  inevitably  if  sejjtic  processes  coincide. 

Resulting  conditions. — The  dead  piece  of  bone  is  in  itself  inert,  and 
undergoes  merely  passive  changes.  It  retains  its  form  and  general 
appearance,  but  being  macerated  by  the  juices  of  the  body  it  assumes 
the  characters  of  macerated  bone.  It  generally  appears  white  and  drj-, 
and,  as  it  contains  little  organic  matiter,  it  feels  hard  to  the  probe  and 
gives  a  sound  on  being  struck. 

Inflammation  is  a  constant  concomitant  of  necrosis.  If  the  latter  has 
not  been  due  to  inflammation,  then  it  leads  to  it  secondarily.    The  dead 
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piece  of  bone  seems  to  stimulate  the  surrounding  living  tissue,  and  to 
lead  to  a  chronic  inflanmiation.  By  means  of 
a  rarefying  ostitis  the  Haversian  canals  and 
medullary  spaces  enlarge  and,  the  bone  imme- 
diately around  the  dead  piece  being  replaced 
by  granulation  tissue,  the  necrosed  piece  be- 
comes a  Sequestrum. 

At  the  same  time  newformation  commonly 
occurs,  chiefly  in  the  subperiosteal  tissue  which 
has  probably  been  separated  from  the  dead 
bone,  but  also  in  the  medulla.  There  is  thus 
produced  an  irregular  layer  of  new  bone,  as 
shown  in  Fig.  186.  This  new  bone  is  largely 
subperiosteal  and  in  many  cases  it  forms  an 
external  shell  which  may  exercise  the  func- 
tion of  sujDport  instead  of  the  bone  which  has 
died.  This  external  shell  frequently  confines 
the  dead  piece  rendering  it  difficult  of  access 
for  removal  by  the  surgeon.  It  is  generally 
provided  with  apertures  called  Cloacse 
through  which  the  pus  of  the  original  sup- 
puration has  passed,  and  which  have  re- 
mained as  canals  or  gaps  in  the  new-formed 
sheU. 

The  ultimate  disposal  of  the  dead  bone 
occurs  in  different  ways  according  to 
circumstances. 

Absorption  of  dead  bone  is  of  frequent     Fig.  1S6.  —  Necrosis  of  femur. 

T      •       IP      i  • .  •  Til      The  smooth  necrosed  piece  is  seen 

OCClUrence.    in  simple  fractures  it  is  probable   with  irregular  new-formed  bone 

that  detached  pieces  of  bone  frequently  die 

and  become  absorbed.  Similarly  in  compound  fractures  pieces  are  not 
infrequently  visible  in  the  wound,  having  the  dead  white  colour  and 
hard  feeling  of  sequestra,  but  if  the  wound  remains  aseptic  they  are 
absorbed.  Again,  at  the  ends  of  stumjjs  sequestra  often  form,  and  they 
are  sometimes,  at  least  partially  absorbed.  In  all  these  cases,  and 
even  in  acute  infective  ostitis,  the  dead  bone  may  be  absorbed  if  septic 
changes  be  averted  or  overcome. 

The  absorption  is  effected  by  the  Osteoclasts.  In  Figs.  187  and  188 
the  appearances  are  shown  as  observed  by  the  author  in  a  case  of 
limited  necrosis  at  the  end  of  a  stump,  in  which  absorption  was  in 
progress.  Here  the  Haversian  canals  and  medullary  spaces,  as  seen  in 
Fig.  187,  are  enlarged  and  their  borders  have  a  worm-eaten  appearance. 
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This  latter  is  shown  in  Fig.  188  to  be  due  to  the  existence  of  Howship's 
lacunae  in  which  are  giant-cells  exercising  their  function  of  osteoclasts. 
Sometimes  a  regular  row  of  such  cells  was  visible,  as  if  feeding  on  the 


Fig.  187.  -Section  of  a  piece  of  necrosed  bone  which  had  heen  undergoing  ab- 
sorption. The  margins  of  the  bone  at  the  medullary  spaces  and  Haversian  canals 
have  an  eaten-out  appearance  from  the  presence  of  Howship's  lacuna;,    x  SO. 


Fig.  ISS. — Howship's  lacunas  witli  giant-cells  (osteoclasts)  in  them,  and  free 
giant-cells.    From  same  piece  of  necrosed  bone  as  preceding  figure,    x  3i0. 


bone,  and  they  were  occasionally  almost  buried  in  flask-shaped  spaces 
(as  at  the  left  in  Fig.  188).  By  this  jirocess  bone  may  be  entirely 
absorbed. 
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A  similar  process  of  absorption  occurs,  not  only  in  pieces  of  bone 
which  have  died  in  the  body,  but  in  pieces  of  ivory  or  bone  which  have 
been  introduced  for  therapeutic  purposes,  such  as  ivory  pegs  used  in 
^ases  of  ununited  fracture,  bone  drainage  tubes,  etc. 

Absorption  does  not  occur  where  the  dead  bone,  having  become 
septic,  is  itself  a  source  of  serious  irritation.  Thus  a  piece  of  dead  bone 
may  lie  for  years  in  a  suppurating  cavity  almost  unchanged.  Cornil 
and  Ranvier,  for  example,  figure  a  transverse  section  of  a  sequestrum  of 
the  femur  which  had  remained  thirty  years  bathed  in  pus.  In  this 
time  it  had  undergone  no  corrosion  and  had  all  the  characters  of  macer- 
.ated  bone.  The  position  of  the  sequestrum  inside  the  shell  of  new  bone 
often  causes  its  retention,  and  its  removal  is  only  effected  by  partial 
destruction  of  the  external  shell. 

Phosphorus-necrosis. — This  condition  occurs  chiefly  in  persons  who 
.are  employed  in  workshops  where  lucifer  matches  are  manufactured, 
and  who  are  thus  exposed  to  the  vapour  of  phosphorus.  The  vapour 
.acts  locally,  on  the  jaws  chiefly,  and  it  is  said  that  persons  with  carious 
teeth  are  particularly  liable  to  be  affected.  The  phosphorus  produces 
iin  inflammation  mainly  of  the  periosteum,  resulting  in  a  great  newfor- 
mation  of  cancellated  bone  on  the  surface  of  the  jaw.  This  bone  may 
iifterwards  become  condensed  by  the  ossification  encroaching  on  the 
medullary  spaces.  After  a  time  the  inflam.mation  leads  to  suppuration, 
"the  pus  forming  between  the  new-formed  bone  and  the  original  bone 
■of  the  jaw.  From  this  results  a  necrosis  of  the  jaw  which  may  involve 
the  entire  bone,  and  may  be  accompanied  also  by  necrosis  of  the  new- 
formed  bone.  The  resulting  suppurations  are  usually  fatal  in  their 
results,  but  after  removal  of  the  sequestrum  healing  may  occur. 

From  the  observations  of  Wegner  it  appears  that  phosphorus  acts  as  a  general 
stimulant  to  the  structures  concerned  in  the  formation  of  bone.  The  phosphorus 
vapour  acting  directly  stimulates  so  violently  as  to  produce  the  inflammation  and 
necrosis  just  described,  and  this  result  has  been  produced  also  in  rabbits  exposed  to 
the  vapour  of  phosphorus.  When  given  in  small  doses  internally,  phosphorus 
produces  in  growing  animals  a  distinct  stimulation  of  the  process  of  formation  of 
bone.  In  such  cases  the  bone  produced  at  the  ossifying  border  of  the  cartilage  is  not 
■a  spongy  bone,  but  a  dense  layer,  and  there  is  also  an  unusually  dense  bone  pro- 
duced beneath  the  periosteum.  It  is  noteworthy  that  in  growing  animals  to  whom 
small  doses  of  phosphorus  were  given,  while  insufficient  quantities  of  lime  were 
^supplied,  there  was  a  great  production  of  osteoid  tissue,  somewhat  like  that  produced 
in  rickets. 

Literature. — Macewen,  Annals  of  Surgery,  1887;  Wegneu,  Virchow's  Arch.,  Ivi., 
1872;  Coats,  Glasg.  Med.  Jour.,  vi.,  1874;  Bibba  und  Geist,  Krankh.  d.  Arbeiter  in 
'der  Phosphorfabriken,  1847  ;  Trelat,  De  la  n6crose  causae  par  le  phosphore,  1857; 
THrEKScn,  Arch.  d.  Heilk.,  18(58  ;  Weoner,  Virch.  Arch.,  Iv.,  1872  ;  Cameuon,  Glasg. 
Med.  Jour.,  xvi.  112,  1881. 
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VII.— REGENEEATIVE  PROCESSES.    HEALING  OF  FEACTUEES, 

TEANSPLANTATION, 

In  the  various  regenerative  processes  the  structures  above  referred  to 
as  having  to  do  with  the  growth  of  bone  are  concerned.  These  struc- 
tures become  cellular,  their  existing  cells  multiplying  by  karyomitosis, 
and  they  thus  renew  their  powers  of  newformation.  The  processes 
concerned  are  really  those  of  chronic  inflammation. 

1.  The  Healing  of  fractures.— In  the  case  of  simple  fractures  or  of 
those  Avhich  are  protected  from  septic  contamination,  the  process  of 
healing  generally  begins  soon  after  the  infliction  of  the  injury. 

The  actual  injury  induces  an  acute  inflammation.  There  is  hyper- 
semia,  serous  exudation  and  exudation  of  leucocytes,  and  there  is  also  a 
certain  amount  of  htemorrhage.  These  inflammatory  manifestations  are 
present  in  the  torn  periosteum,  and  in  the  medulla.  The  acute  in- 
flammation, however,  usually  subsides  in  a  few  days  ;  its  prolongation, 
as  m  sejDtic  cases,  is  inimical  to  healing.  Any  considerable  accumulation 
of  blood  is  also  inimical  to  healing,  but  as  a  general  rule  the  efiiised 
blood  is  carried  off"  by  the  inflammatory  exudation  or  transudes  inta 
the  tissues  around  and  so  passes  into  the  lymphatics. 

On  the  subsidence  of  the  acute  inflammation  the  soft  structures  show 
active  changes.  By  a  process  of  karyomitosis  (as  observed  by  Krafft) 
the  subperiosteal  and  medullary  cells  proliferate,  so  as  to  form  granula- 
tion tissue.  A  similar  process  is  visible  in  the  endothelium  of  the 
vessels,  by  which  means  new  vessels  are  formed.  The  tissue  of  the 
bone  itself  partakes  in  the  process,  so  that  it  is  opened  out  by  a  rare- 
fying ostitis.  We  have  thus  a  vascular  granulation  tissue  formed  in 
these  three  situations,  but  its  amount  varies  greatly  according  to 
circumstances. 

From  this  tissue  the  Callus  is  formed.  This  name  is  given  to  the 
new-formed  tissue  which  in  the  first  instance  unites  the  broken  ends 
of  the  bones.  The  callus,  as  shown  in  Fig.  189,  consists  under  varying 
circumstances  of  Different  forms  of  connective  tissue.  The  forma- 
tive cells  produced  in  the  way  mentioned  above  have  the  characters 
variously  of  osteoblasts,  fibroblasts,  or  chondroblasts,  and  may  develop 
bone  (c,  c,  c  in  figure),  cartilage  (b,  b,  b),  or  connective  tissue  (d,d,d).  The 
form  of  tissue  thus  produced  seems  to  depend  on  the  condition  of  the 
parts  as  to  movement.  In  parts  where  there  is  little  movement  bone 
will  form,  where  there  is  much  movement  filjrous  tissue,  while  cartilasrc 
will  take  an  intermediate  position.  From  this  it  arises  that  in  man, 
where  the  bones  are  usuidly  kept  rigid  liy  splints,  the  callus  is  formed 
chiefly  of  bone,  whereas  in  animals  it  is  largely  formed  of  cartilage  and! 
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fibrous  tissue.  But  in  man,  where  circumstances  do  not  allow  of  the 
parts  being  kept  at  rest,  then  we  have  cartilage  and  fibrous  tissue  along 


with  bone.    This  was  the  case  in  the  specimen  from  which  Fig.  189 
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was  taken.  A  number  of  fractures  had  occurred  in  the  ribs  in  an  insane 
person,  and  they  were  only  discovered  after  death. 

Circumstances  also  determine  the  Amount  of  callus.  When  the 
parts  are  kept  rigid  the  amount  is  small,  probably  because  the  irritation 
is  slight,  but  where  the  parts  are  moveable  there  will  be  much  callus,  as 
we  find  in  fractures  of  the  ribs  in  man  and  in  fractures  generally  in 
animals. 

It  not  infrequently  happens  that  a  Piece  of  bone  is  detached  and 
isolated.  This,  however,  does  not  interfere  with  the  process  of  healing. 
If  small,  the  piece  of  bone  will  survive,  and,  having  acquired  vascular 
adhesions,  will  undergo  a  rarefying  ostitis  and  assist  in  the  production 
•of  callus.  If  large,  or  if  unfavourably  situated,  it  may  die,  and  in  that 
•case  it  undergoes  absorption  by  the  granulation  tissue  (see  under 
Necrosis).  In  compound  fractures  it  is  not  uncommon  to  see  a  piece  of 
■dead  bone  eaten  into  and  penetrated  by  granulations. 

The  callus  produced  as  above  is  generally  described  as  Provisional 
callus,  because  much  of  it  is  removed  before  complete  restoration. 
Names  are  also  given  according  to  the  position  of  the  callus.  External 
callus  is  formed  at  the  surface  from  the  subperiosteal  layer,  Internal 
callus  is  formed  from  the  bone-marrow  and  endosteum,  while  Interme- 
diary callus  is  between  the  ends  of  the  bones  and  produced,  to  some 
•extent  at  least,  from  the  bone  itself. 

When  the  bone  has  become  fully  united  the  parts  of  the  callus  not 
necessary  for  the  preservation  of  the  continuity  of  the  bone  are  dis- 
closed of.  The  intermediary  callus  becomes,  for  the  most  part,  the  per- 
manent bond  of  union,  while  the  external  and  internal  disappear  except 
in  so  far  as  they  are  needed  to  fill  up  gaps  where  the  bones  have  not 
been  exactly  in  apposition.  Sometimes  the  bones  are  considerably  out 
•of  position,  and  a  large  amount  of  new  bone  remains  pei'manently  as 
the  bond  of  union. 

From  what  has  gone  before  it  will  appear  that  sometimes  the  amount 
•of  bone  produced  will  be  small.  If  the  parts  are  not  kept  at  rest  or  if 
the  blood-supply  be  insufficient,  from  tearing  of  vessels  or  otherwise, 
there  may  be  an  imperfect  production  of  callus.  In  some  cases  there  is 
•even  an  atrophy  of  the  broken  ends  of  the  bones.  In  this  way  may 
4irise  Ununited  fractures,  in  which  the  bones  are  connected  yvith  fibrous 
tissue.  In  some  cases  there  is  even  a  kind  of  False  joint  or  Pseud- 
arthrosis  formed,  with  smooth  articulating  surfiices  and  an  approach  to 
a  synovial  cavity. 

2.  Transplantation  of  bone.— It  has  usually  been  stated  that,  when 
pieces  of  the  periosteum  are  transplanted,  they  proceed  to  the  forma- 
tion of  bone.    This  is  only  true  in  regard  to  the  deep  layer  of  the 
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periosteum,  or  more  properly  the  subperiosteal  layer.  The  periosteum 
proper,  consisting  of  fibrous  tissue,  is  incapable  of  producing  bone.  On 
the  other  hand  the  bone  itself,  or  the  tissue  in  its  various  cavities,  as 
well  as  the  endosteum,  are  capable,  as  we  have  seen,  of  forming  bone. 
Hence  a  transplantation  of  periosteum,  including  the  subperiosteal  layer, 
or  of  pieces  of  bone,  may  be  followed,  not  only  by  survival  of  the  pieces, 
but  by  new^ormation  of  bone  from  them. 

Transplantation  of  the  periosteum  is  not  an  uncommon  pathological 
process.  The  periosteum  may  be  raised  by  the  accumulation  of  pus 
beneath  it,  or  it  may  be  stripped  off  by  an  injury,  and  in  that  case,  if 
the  ossifying  layer  be  preserved,  ossification  will  occur.  This  fact  is 
sometimes  taken  advantage  of  by  surgeons,  who  will  detach  the  perios- 
teum, and  displace  it  with  a  view  to  the  ultimate  formation  of  bone. 

The  Transplantation  of  bone  itself  has  been  demonstrated  chiefly  by 
Macewen.  It  is  apparent  from  his  observations  that  bone,  contrary  to 
what  might  be  expected,  has  great  power  of  retaining  its  vitality  Avhen 
detached  from  its  connections.  A  piece  of  bone  transplanted  will,  even 
when  of  considerable  size,  survive  long  enough  to  acquire  fresh  vascular 
connections,  and,  in  accordance  with  what  occurs  in  transplanted  struc- 
tures generally,  it  will  often  proceed  to  grow  in  its  new  position. 
Accidental  transplantation  must  often  occur  in  connection  with  frac- 
tures, and  the  detached  piece  of  bone,  as  mentioned  above,  usually 
survives. 

Advantage  has  been  taken  of  these  facts  in  an  ingenious  way  by  Macewen.  In  the 
operation  of  trephining,  a  circular  piece  of  bone,  often  of  considerable  size,  is  removed 
from  the  skull.  This  piece  of  bone  may  be  preserved  during  a  subsequent  operation 
on  the  brain  and  reimplanted  in  the  gap,  at  the  close  of  the  operation.  If  septic 
contamination  is  prevented,  the  bone  survives  and  grows  into  its  place,  filling  up 
by  new-formed  tissue  the  interval  made  by  the  saw. 

Still  more  interesting  are  the  results  of  transplantation  in  the  treatment  of  a  ease 
in  which  the  shaft  of  the  humerus  had  been  lost  by  necrosis.  In  this  case  pieces 
of  bone  removed  from  the  femurs  of  other  patients  (in  the  operation  of  Osteotomy) 
were  broken  up  into  small  pieces  and  inserted  amongst  the  muscles  into  a  sulcus 
where  the  shaft  of  the  bone  should  have  been.  By  three  operations  the  bone  was 
restored  to  the  extent  of  four  and  a  quarter  inches,  and  there  was  a  subsequent 
growth  in  the  course  of  seven  years  of  an  inch  and  three-quarters.  This  case 
demonstrates  that  pieces  of  the  bone  removed  from  one  person  to  another  not  only 
survive  but  grow  in  their  new  position.  Transplantation  from  one  of  the  lower 
animals  does  not  succeed,  the  foreign  bone  acting  as  an  irritant. 

Literature. — Maloaignb,  Trait6  des  fract.  et  luxat.,  1855;  Gtjelt,  Handb.  d. 
Lehre  v.  d.  Knochenbruchen,  1862 ;  Krafft,  in  Ziegler  and  Nauwerk's  Beitrage, 
1884 ;  Ollier,  Trait6  de  la  r6g6n6ration  des  os,  1867  ;  Macewen,  Phil,  trans,  of 
Roy.  Soc,  1881,  and  Annals  of  Surg.,  1887. 
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VIII.— SPECIPIC  NEWFOEMATIONS.     TUBERCULOSIS,  SYPHILIS, 

ACTINOMYCOSIS. 

1.  Tuberculosis  of  bone. — This  is  an  exceedingly  frequent  affection, 
and  one  attended  usually  by  very  serious  results.  The  lesions  to  be 
here  described  are  not  universally  recognized  as  tubercular  in  character, 
although,  as  observation  widens,  the  dissentients  from  this  view  diminish. 
The  term  Scrofulous,  here  as  in  other  structures,  is  equivalent  to  tuber- 
cular. Caries,  is  another  term  which,  as  wiU  be  explained  below,  is 
nearly  equivalent  to  certain  forms  of  tuberculosis. 

Causation. — The  tubercular  bacillus  in  most  cases  reaches  the  bones 
by  the  blood.  In  a  large  proportion  of  cases  both  joints  and  bones  are 
affected,  and  it  is  not  determined  to  what  extent  the  one  or  the  other 
is  the  primary  seat.  It  is  demonstrable  that  primary  disease  of  the 
bones  frequently  extends  to  the  joints,  and  it  may  afterwards  attack 
other  bones  entering  into  the  articulation.  On  the  other  hand  when 
primarily  affecting  the  joint  it  may  extend  to  the  bones  concerned  in 
the  joint. 

The  tuberculosis  begins  in  the  spongy  parts  of  the  bones.  It  is  very 
oomm^on  in  bones  which  are  largely  composed  of  spongy  tissue,  as  the 

vertebrae  and  the  bones  of 
the  hands  and  feet,  while 
in  the  long  bones  it  affects 
chiefly  the  articular  ex- 
tremities. In  the  case 
of  the  vertebrae,  it  mostlj- 
affects  simultaneously  the 
proximate  surfaces  of  two 
bodies  (see  Fig.  190),  as  if 
it  took  origin  in  the  inter- 
vertebral cartilage.  In 
this  respect  the  author's 
observations  correspond 
with  those  of  A^^ilks  and 
Moxon. 

While  spongy  bone  evi- 
dently forms  a  favourable 
nidus  for  the  tubercular 
The  interveitebrai  baciUus,  there  are  two  fur- 

ihown  by  the  white  ' 

^'^  ther  predisposing  elements 
frequently  traceable.  Tu- 
berculosis is  most  frequent  in  young  persons,  the  activel}'^  growing  bone 


Fig.  190. — Tuberculosis  of  vertebrw, 
cartilage  is  destroyed  and  the  disease,  as  sliown  by 
colour  (due  to  caseous  necrosis),  Is  invading  the  bodies, 
the  upper  there  is  a  small  isolated  patch. 
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apparently  predisposing  to  it.  This  applies  especially  to  the  bones  of 
the  extremities,  and  to  a  less  degree  to  the  vertebrae.  Injury  is  the 
other  predisponent.  This  is  a  fact  of  clinical  observation  which  has  been 
confirmed  by  the  experiments  of  Schiiller,  who  found  that  after  injecting 
tubercular  bacilli  into  the  blood,  he  could  induce  tuberculosis  of  the  joints 
by  iriflicting  injuries  such  as  otherwise  would  be  readily  recovered  from. 

Characters  of  the  lesion.— The  tuberculosis  affects  primarily  the  soft 
tissue  or  medulla  contained  in  the  meshes  of  the  cancellated  tissue,  and 
secondarily  the  bony  trabeculse.  These  spaces  become  occupied  by 
round-celled  or  granulation  tissue,  in  which  tubercles  with  their  typical 
giant-cells  are  visible.  The  granulation  tissue  eats  into  the  bony 
trabeculse,  so  that  the  latter  may  be  entirely  destroyed  in  the  affected 
area.  More  frequently  necrosis  occurs  in  the  tubercular  newformation 
before  the  bone  is  entirely  destroyed.  The  form  of  necrosis  is  caseation, 
and  in  a  case  of  any  standing  the  presence  of  the  disease  is  evidenced 
by  the  presence  of  yellow  caseous  matter  occupying  a  certain  portion  of 
the  cancellated  tissue.  This  is  shown  in  Fig.  190.  In  this  area  there 
are  the  thinned  remains  of  the  bony  trabeculas  which  are  also  necrosed. 
As  the  disease  is  an  advancing  one,  the  more  recent  affection  will  extend 
beyond  the  caseous  area. 

The  bone  so  affected  has  lost  much  of  its  mechanical  power  of  resist- 
ance, so  that  in  the  case  of  the  vertebrae 
the  bodies  wiU  collapse  and  lead  to  acute 
curvature,  as  in  Fig.  191,  while  in  other 
cases  the  bones  will  be  eroded  and  worn 
down  by  the  friction  at  the  joints.  In 
some  cases  the  necrosis  leads  to  the  forma- 
tion of  a  Cavity  in  the  bone.  This  may 
be  from  softening  of  the  caseous  tissue, 
but  in  some  cases  the  necrosed  piece  is 
separated  as  a  kind  of  Sequestrum 
which  may  be  found  lying  in  the  cavity. 
In  either  case  the  walls  of  the  cavity 
wiW  be  lined  with  tuberculous  granula- 
tion tissue.  In  the  case  of  small  bones, 
such  as  those  of  the  foot  or  hand,  which 
are  thus  excavated,  there  may  be  a  complete  collapse  of  the  bone,  so 
that  it  will  be  more  or  less  destroyed. 

It  is  to  some  of  the  conditions  indicated  above  that  the  term  Caries  is  sometimes 
applied.  The  characteristics  of  caries  are,  rarefaction  of  the  bone,  which  here  is 
produced  by  the  encroachment  of  the  tuberculous  tissue ;  undue  softness  of  the 
bone,  so  that  it  is  eroded  and  generally  exposed^at  an  articular  surface  or  in  the  wall 


Fig.  101. — Acute  curvature  from 
tuberculosis.  Tlie  bodies  of  two 
vortebrfe  have  been  destroyed,  while 
the  ones  above  aud  below  have  coal- 
esced at  a.  The  spinous  processes  are 
also  anchyloscd. 
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of  a  cavity;  the  presence  of  caseous  matter,  along  with  prominent  and  flabby 
granulation-tissue,  whence  the  name  fungous  caries.  (See  further  under  Diseases  of 
the  Joints.) 

The  tuberculous  bone  is  a  centre  of  irritation,  and  there  usually 
follows  a  suppurative  process  which  is  frequently  slow  in  developing. 
The  resulting  Cold  abscesses  are  most  typically  seen  in  connection  ^vith 
tuberculosis  of  the  vertebrae.  The  matter,  consisting  of  caseous  debri& 
with  pus-corpuscles  and  serous  fluid,  may  travel  considerable  distances, 
forming,  according  to  the  place  where  it  comes  to  the  surface,  the 
Lumbar,  Psoas,  or  other  abscess.  The  whole  track  of  the  abscess  is 
liable  to  be  infected  by  the  tuberculosis  so  that  there  may  be  an  exten- 
sive tubercular  surface. 

Healing  of  the  tuberculosis  occurs  not  infrequently.  It  may  take 
place  before  any  considerable  extension  of  the  process,  the  tissues^ 

overcoming  the  tubercular  infec- 
tion, and  ultimately  absorbing  the 
necrosed  products.  But  it  also 
occurs  after  the  process  of  softening 
and  formation  of  abscesses.  In  that 
case  when  the  tuberculous  matter 
has  been  cleared  out,  health}- 
granulation  tissue  will  be  produced. 
This  may  produce  new  bone,  so  as- 
to  some  extent  to  regenerate  and. 
replace  that  which  has  been  lost. 
Where  there  has  been  much  erosion 
or  collapse,  the  newformation  vnW 
do  little  towards  restoration,  and 
will  rather  tend  to  fix  the  bones  by 
Anchylosis  in  the  position  M'hich 
they  may  have  assumed.  In  Fig. 
192  for  example,  the  anterior  parts 
of  the  bodies  of  the  third  and  fourth 
cervical  vertebras  have  been  de- 
stroyed and  a  piece  of  dense  bone 
(at  a)  has .  been  formed  to  act  as  a 
support.  This  has  confirmed  the 
acute  curvature  which  is  shown  bj- 
the  direction  of  the  spinal  canal. 
In  Fig.  191  also,  there  has  been  a  complete  collapse  of  two  bodies,  whose 
spinous  processes  have  coalesced  (at  b)  while  the  bodies  of  the  vertebra? 
above  and  below  have  also  coalesced  (at  a). 


Pig.  102. — Healed  tuberculosis.  The  bodies 
collapsed  anteriorly.  Dense  bone  produced  at 
a  to  form  a  support.  Permanent  curvature 
and  narrowing  of  spinal  canal. 
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While  healing  may  thus  occur,  the  tubercular  virus  may  still  linger 
about  the  parts,  and  on  the  occurrence  of  a  favourable  opportunity  it 
may  renew  its  advance.  In  the  case  from  which  Fig.  191  was  taken, 
for  example,  the  history  showed  what  appeared  to  be  a  complete  re- 
covery (with  curvature)  three  years  before  death,  but  a  more  recent 
onset  ending  in  tubercular  pleurisy  led  up  to  the  fatal  issue. 

The  tubercular  process  is  accompanied  by  the  ordinary  phenomena 
of  chronic  inflammation,  so  that  in  the  neighbourhood  there  is  usually 
newformation  of  bone,  chiefly  subperiosteal,  and  the  surface  of  the 
bone  may  be  rough  with  irregular  projections. 

2.  Syphilitic  affections  of  bone.— The  Lesions  of  tertiary  syphilis  have 
usually  their  seat  of  origin  in  the  periosteum,  although  the  subjacent 
bone  may  be  simultaneously  involved.  The  condition  may  be  briefly 
described  by  stating  that  gummata  are  produced,  while  inflammation 
occurs  in  the  neighbourhood. 

Gummata  of  the  usual  structure  are  produced  in  the  internal  layers 
of  the  periosteum,  and  there  is  thickening  of  the  periosteum  around. 
This  membrane  being  tightly  stretched  over  the  tumour,  the  swelling  is 
hard  to  the  feeling,  but  often  with  a  certain  elastic  resistance.  The 
gumma  undergoes  caseous  necrosis  in  its  central  parts,  but  advances 
peripherally,  and  as  it  advances  against  the  bone  it  causes  erosion 
of  it.  The  advance  is  in  the  first  instance  along  the  vessels,  and  as 
erosion  occurs  around  them  a  worm-eaten  appearance  is  produced  in 
the  bone.  Beneath  the  gumma,  which  has  most  frequently  its  seat  on 
the  bones  of  the  skull,  especially  the  frontal  bone,  there  may  be  thus 
considerable  loss  of  substance,  so  that  even  the  entire  thickness  of  the 
skull  may  be  penetrated.  The  caseous  material  often  undergoes  soften- 
ing, and  suppuration  ensues;  there  may  be  very  obstinate  and  even 
progressive  ulcers  produced.  Without  ulceration  the  gumma  may 
undergo  resolution,  and  a  cicatricial  depression  result,  or  after  ulcera- 
tion healing  may  occur. 

Along  with  these  processes  immediately  related  to  the  gumma,  there 
are,  in  the  neighbourhood,  conditions  referable  to  inflammation.  The 
bone  around  is  condensed  by  newformation  filling  up  the  medullary 
spaces,  and  there  is  sometimes  a  thickening  of  the  bone  by  sub- 
periosteal inflammation.  This  is  much  less  common  in  the  skull  than 
m  the  long  bones,  especially  those  of  the  legs,  where  it  sometimes  leads 
to  a  very  striking  hypertrophy  of  the  bone,  whose  surface  is  exceedingly 
rough  from  the  loss  of  substance  in  some  parts,  and  the  irregular  new- 
formation  in  others.  The  bone  around  the  syphilitic  defect  or  ulcer  is 
dense  bone,  and  in  this  respect  contrasts  very  markedly  Avith  that 
around  the  ulceration  in  tuberculosis. 
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Congenital  syphilis  leads  to  important  changes  in  the  bones,  which, 
according  to  Wegner,  occur  in  a  large  proportion  of  syphilitic  foetuses. 
The  lesions  affect  the  structures  concerned  in  the  processes  of  ossifica- 
tion, and  in  this  respect  resemble  those  of  rickets,  but  they  partake 
more  of  the  inflammatory  character,  thus  agreeing  with  the  lesions  of 
hereditary  syphilis  generally  (see  p  197). 

In  the  Cranial  bones  the  periosteum  is  thickened  by  inflammation, 
and  this  leads  to  softening  of  the  bone  beneath.  Craniotabes  is  a 
frequent  result,  the  bone  being  lost  in  parts  exposed  to  pressure  when 
the  child  is  lying,  and  the  brain  being  so  far  covered  only  by  the 
soft  parts. 

In  the  Long  bones  the  ossifying  border  is  the  part  affected.  The 
cartilage  cells  undergo  excessive  proliferation,  as  in  rickets,  and  there  is 
an  irregular  calcification  of  the  matrix.  Beneath  this  the  proper  ossi- 
fying zone  frequently  shows  a  newformation  of  granulation  tissue  or 
pus,  so  as  to  produce  a  soft  layer  almost  interrupting  the  continuity  of  the 
bone.  There  may  be  a  partial  necrosis  of  the  calcified  cartilage.  The 
whole  process  occurs  very  irregularly,  the  ossifying  part  of  the  bone 
being  swollen  and  occupied  by  calcified  and  proliferating  cartilage  and 
inflammatory  tissue,  while  true  ossification  is  delayed  and  occurs 
irregiilarly.  A  not  infrequent  consequence  is  a  partial  fracture  of  the 
bone  or  a  Separation  of  the  epiphysis. 

The  disease  affects  many  bones,  but  may  present  different  degrees. 
According  to  Wegner  the  usual  seats,  in  order  of  frequency,  are,  lower 
end  of  femur,  lower  ends  of  bones  of  leg  and  forearm,  and  upper 
end  of  tibia. 

3.  Actinomycosis  in  bone. — This  affection  occurs  in  the  bones  of 
the  face,  and  sometimes,  by  extension,  the  vertebrae,  sternum,  etc.  The 
lesions  somewhat  resemble  those  of  tuberculosis,  the  new-formed 
granulation  tissue  opening  up  the  bone  and  leading  to  caries.  The 
granulations,  however,  are  more  exuberant  and  there  is  no  caseous 
necrosis,  but  rather  a  tendency  to  sujipuration. 

Literature. —  Tuberculosis — Nislaton,  L'aiiection  tuberculeuse  des  os,  1857;  Volk- 
MANN,  Arch.  f.  Klin.  Chir.,  iv. ;  Menzel,  Die  Haiifigkeit  der  Caries  in  den  verschied. 
Knochen,  ibid,  xii ;  Friedlandek,  in  Volkmann's  Sammlung,  No.  64;  Schdllek, 
Ueber  die  Enstehung  d.  tub.  Gelenkleiden,  1880 ;  Vincent,  in  Internat.  Eneycl.  of 
Surg.,  vi.,  1886  (with  French  Uterature).  SyiJhUi.i — Vikchow,  Krank.  Geschwilste, 
ii.,  1865  ;  Canton,  Path,  trans.,  xiii.,  1862  ;  Eicohd,  Traitd  des  malad.  v6n6r.,  1851 ; 
Lang,  Vorles.  iib.  Syph.,  1885;  Wegner,  Virch.  Arch.,  1.,  1870;  Staling,  ibid. 
Ixxxviii.,  1882  ;  Muller,  ibid,  xcii.,  1883  ;  Pakhot,  Arch,  de  Phys.,  iv.,  1872  ;  Cornii^ 
et  Banvieu,  Man.  d'hist.  path.,  i.  444,  1881. 
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IX.— SPINAL  CURVATUEES. 

Introductory. — The  spinal  column  is  comi^osed  of  vertebrae  whose 
bodies  are  separated  b}^  elastic  fibro-cartilages.  The  vertebrae  arti- 
culate with  each  other  at  four  other  points,  two  on  the  upper  and 
two  on  the  lower  surface  of  the  arch.  They  are  also  bound  together  by 
firm  ligaments  in  front  of  and  behind  their  bodies.  The  effect  of  these 
various  connections  is  that,  even  when  the  spine  is  separated  from 
all  its  attachments  except  the  ligaments,  it  retains  its  general  form, 
and  its  natural  conformation  may  be  studied  after  its  removal  from 
the  body. 

When  seen  in  profile  the  spine  presents  the  well-known  antero-posterior  curves, 
the  convexity  being  forwards  in  the  cervical  and  lumbar  regions,  and  backwards  in 
the  dorsal.  These  curves  are  capable  of  considerable  variation  in  the  movements 
of  the  body.  The  whole  of  the  curves  may  be  obliterated  and  converted  into  a 
general  convexity  backwards  by  stooping  forwards,  as  when,  with  the  arms  ex- 
tended and  the  legs  straight,  an  attempt  is  made  to  touch  the  toes  with  the  tips  of 
the  fingers.  By  arching  the  body  backwards  the  dorsal  curve  may  be  partially 
obliterated,  and  a  general  convexity  forwards  produced.  It  appears,  therefore,  that 
the  spine  is  capable  of  considerable  antero-posterior  movement.  These  antero- 
posterior movements  imply  a  considerable  degree  of  compressibiHty  of  the  inter- 
vertebral cartilages.  The  combined  cartilages  occupy  about  a  fifth  of  the  entire 
length  of  the  spinal  column,  and  their  compressibility  may  be  inferred  from  the 
fact  that  during  the  retention  of  the  erect  posture  the  entire  length  of  the  column 
gradually  diminishes,  so  that  the  stature  is  usually  half  an  inch  to  three  quarters 
less  at  night  than  in  the  morning.  This  is  believed  to  be  due  chiefly  to  the  com- 
pression of  the  cartilages,  which  recover  at  night  when  the  recumbent  posture  is 
assumed.  The  antero-posterior  movement  of  the  spine  is  freest  in  the  cervical  and 
lumbar  regions,  and  most  limited  in  the  dorsal. 

The  spine  is  capable  to  a  much  more  limited  extent  of  lateral  movement.  The 
articulating  processes,  being  situated  on  either  side  of  the  arches,  prevent  any  con- 
siderable lateral  deviation,  as  they  become  locked  against  each  other  when  that  occurs. 
If  the  surfaces  of  these  processes  were  horizontal,  facing  one  another  above  and 
below,  then  they  might  allow  of  freer  lateral  movement,  but  the  more  they  assume 
the  pei-pendicular  position,  and  the  more  they  face  inwards  and  outwards,  the 
gi-eater  is  the  impediment  to  lateral  movement.  It  will  be  found  that  on  passing 
from  above  downwards  the  articulating  surfaces  assume  more  and  more  of  a  per- 
pendicular position.  In  the  cervical  region  they  are  oblique,  and  face  slightly 
inwards  and  outwards ;  in  the  dorsal  they  are  more  perpendicular  and  face  nearly 
forwards  and  backwards,  while  in  the  lumbar  region  they  are  nearly  peiioendicular, 
and  face  each  other  nearly  inwards  and  outwards.  In  this  way  it  occurs  that  wliile 
lateral  movement  is  limited  in  all  regions  it  is  almost  impossible  in  the  lumbar 
region.  For-  a  similar  reason,  twisting  of  the  spine  on  its  axis  is  possible  to  a  very 
limited  extent. 

The  question  of  the  existence  of  a  natural  lateral  curvature  has  been  matter  of 
dispute.  It  is  generally  stated  that  there  is  a  slight  lateral  deviation  to  the  right 
in  the  upper  dorsal  region,  and  this  is  usually  ascribed  to  the  more  frequent  and 
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forcible  exertion  made  with  the  right  arm ;  but  the  existence  of  this  curve  has  been 
seriously  questioned  (Adams).  The  late  Dr.  Foulis  in  110  post-mortem  examina- 
tions found  lateral  deviation  in  no  less  than  58  cases.  He  did  not  observe  it 
siDecially  in  the  u^jper  dorsal  region  or  towards  the  right,  and  concluded  that  it  was 
due  to  the  positions  habitually  assumed  by  the  persons  at  their  various  trades.  We 
may  perhaps  conclude  that  normally  there  is  no  lateral  curvature,  but  that  a  veiy 
slight  permanent  deviation  is  often  assumed  when  a  frequently  repeated  position  of 
the  body  predisposes  to  it. 

Forms  of  spinal  curvature. — ^The  fvmction  of  the  spine  is  to  sujiport 
the  structures  attached  to  it,  and  to  hold  the  head  erect,  the  lattei- 
function  being  in  man  the  more  prominent  one.  Any  single  curvature 
of  the  spine  will  have  the  tendency  to  remove  the  head  from  the  erect 
position,  and  tilt  it  backwards  or  forwards  or  to  one  side,  and  in  order 
to  preserve  the  erect  position  there  is  required  a  curvature  in  the 
opposite  direction.  The  natural  antero-posterior  curves  are  in  this 
sense  mutually  compensatory,  the  lumbar  restores  the  position  lost  by 
the  sacral  curve,  and  the  cervical  that  of  the  dorsal.  AVhen  abnormal 
curvatures  occur  there  is  a  tendency  to  a  similar  compensation,  so  that 
these  curvatures  may  be  divided  into  Primary  and  Secondary.  It  -wdll 
not  be  necessarj^  to  consider  in  detail  the  secondary  curvatures ;  their 
amount  and  direction  may  be  inferred  from  those  of  the  primary  ones. 
It  may  be  stated,  however,  that  there  are,  frequently,  several  secondar}' 
or  compensating  curves,  the  spine  presenting  several  sinuosities  in  order 
to  reach  the  stable  position  for  the  head. 

1.  Antero-posterior  curvature. — There  are  two  quite  distinct  forms 
of  antero-posterior  curvature,  the  curve  in  the  one  form  being  rounded, 
and  mainly  an  exaggeration  of  the  natural  curvature,  and  in  the  other 
sharp  or  angular. 

(a)  Angular  curvature  or  Pott's  disease  of  the  spine. — This  de- 
pends on  disease  or  injury  to  the  bodies  of  the  vertebra.  For  the  most 
part  it  is  a  Local  tuberculosis  of  one  or  more  of  the  bodies  with  the 
caseous  necrosis  and  caries  described  al)ove.  The  softened  bodies  of 
the  vertebrse  give  way  under  the  superincimibent  weight,  and  the  spine 
is  bent  at  a  sharp  angle,  the  sijinous  processes  becoming  undulj'  pro- 
minent behind.  The  affection  of  the  bodies  may  be  unsymmetrica], 
and  if  collapse  be  more  at  one  side  than  the  other  the  angular  curvature 
will  not  be  exactly  antero-posterior. 

This  form  of  curvature  is  more  rarely  due  to  traumatic  causes, 
as  crushing  of  the  bodies  by  heavy  weights  falling  on  the  head  or 
•back,  or  by  a  fall  from  a  height.  This  condition  is  shown  in  Fig.  193 
where  a  vertebra  is  seen  crushed  and  with  part  of  it  displaced  against 
the  cord.  This  may  lead  immediately  to  an  angular  curvature,  or  maj- 
be  the  starting-point  of  a  necrosis  and  suppurative  inflammation. 
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It  is  worthy  of  special  notice  that  angular  curvature  is  much  more  obvi- 
ous in  the  dorsal  region 
than  elsewhere,  as  it  here 
increases  the  natural  pos- 
terior curvature .  In  the  cer- 
vical and  lumbar  regions, 
where  the  natural  con- 
vexity is  forwards,  there 
may  be  a  rounded  pos- 
terior curvature  produced, 
or,  even  with  extensive 
disease,  there  may  be  very 
little  posterior  curvature 
visible  externally. 

The  spinal  cord  is  not 
necessarily  injured  by  an- 
gular curvature,  but  in 
many  cases  it  is  crushed 
and  interruiJted.  It  may 
be  so  even  during  the  j^ro- 
cess  of  healing,  the  sclerosis 
or   condensation    of  the 

vertebrse   sometimes   cans-     v  ^'S-  IfS.— vertebra  crushed  and  part  of  it  displaced 

backwards  so  as  to  injure  tlie  cord.  There  was  acute 
mg  further  shrinkine;  and  curvature  and  paralysis.  (The  curvature  Is  not  shown  in 
.  °  figure,  as  the  parts  have  been  replaced  so  as  to  display  the 

increase  of  the  curvature.  lesion.) 

{b)  Kyphosis  or  Posterior  curvature.— In  angular  curvature  the 
convexity  is  backwards,  and  the  name  kyphosis  is  sometimes  applied. 
The  term  is  more  commonly  employed  to  indicate  a  more  gradual 
rounded  curvature.  Thi|  is  mainly  an  exaggeration  of  the  normal 
curvature  with  the  convexity  backwards  in  the  dorsal  region,  and  is 
due  chiefly  to  muscular  weakness  or  a  habit  of  stooping.  It  is  most 
frequent  in  children  and  old  people,  leading  in  its  most  exaggerated 
form  to  hump-back,  and  in  a  lesser  degree  to  round  shoulders. 

(r)  Lordosis  or  Anterior  curvature. — In  this  condition  the  convexity 
of  the  curve  is  forwards,  and  the  tendency  of  it  is  to  throw  the  head 
backwards.  It  is  most  common  in  the  lumljar  region,  and  in  the 
majority  of  cases  is  due  to  rickets.  Rickets  when  it  affects  the  pelvis 
causes  the  sacrum  to  assume  a  more  horizontal  position  than  normal, 
and  in  order  to  retain  the  erect  position  the  lumbar  anterior  curve  is 
exaggerated.  It  may  also  be  produced  by  congenital  dislocation  of  the 
hip-joint  (stated  by  Adams  to  be  of  considerable  frequency),  and 
anchylosis  of  the  hip.    There  may  be  also,  but  rarely,  a  direct  lordosis 
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in  the  lumbar  region  from  rickets,  the  natural  curvature  being  in- 
creased by  reason  of  the  softness  of  the  bones.  In  the  dorsal  and 
cervical  regions  lordosis  is  very  uncommon. 

2.  Lateral  curvature,  Rotatory  curvature,  Scoliosis. — In  the  intro- 
duction to  this  subject  we  have  seen  that  the  mechanism  of  the  spine 
allows  of  exceedingly  limited  lateral  deviation.  But  it  often  happens  that 
from  habitual  faulty  positions  at  work  or  otherwise  there  is  a  fre- 
quently repeated  tendency  to  lateral  deviation.  In  that  direct 
displacement  is  not  possible,  there  may  be,  especially  in  persons  consti- 
tutionally weak,  a  deviation  with  partial  Rotation  of  the  vertebrae. 
The  faulty  position  may  be  merely  the  result  of  a  bad  habit,  of  standing 
on  one  leg  for  instance,  so  as  to  cause  obliquity  of  the  pelvis  ;  or  it  may 
be  from  sitting  in  a,  constrained  position  at  study  or  manual  labour,  so 
that  either  the  pelvis  is  oblique  or  the  arms  are  used  particularly  in  one 
direction  so  as  to  displace  the  centre  of  gravity  to  one  side  ;  or  there 
may  be  a  hysterical  contraction  of  the  muscles  of  the  scapula  lasting  for 
a  long  period  and  altering  the  centre  of  gravity ;  or  there  may  be  an 
obliquity  of  the  pelvis  from  one  leg  being  shorter  than  the  other,  as 

sometimes  in  rickets.  There  is  also 
softening  of  the  bones  in  rickets,  and 
very  severe  curvatiu'e  may  occur 
when  this  is  associated  -with  obli- 
quity of  the  pelvis. 

The  mechanism  of  this  rotation 
will  be  understood  from  the  accom- 
panying diagram  (Fig.  194).  The 
dark  outline  indicates  the  natural 
position  of  the  vertebra,  the  dark 
straight  lines  indicating  the  natural 
axis  and  the  direction  of  the  trans- 
verse processes.  "N^Tien  rotation  oc- 
curs the  body  moves  round  so  as  to 
present  to  one  side  in  the  direction 
of  the  lines  a  a  and  a  a,  while  the 
spinous  process  deviates  very  little- 
In  the  figure  the  centre  of  rotation 
is  just  behind  the  tip  of  the  spine, 
and  there  is  a  slight  deviation  of  it ;  but  the  centre  of  rotation  may 
be  at  the  tip  of  the  spine,  and  with  -N-ery  marked  rotation  of  the  vertc- 
br£e  there  may  be  no  deviation  of  the  spines. 

Lateral  rotatory  curvature  is  met  with  chiefly  in  the  dorsal  and 
lumbar  regions,  being,  as  a  rule,  much  more  extreme  in  the  former,  ])ro- 


Fig.  194. — Diagnim  shovyiug  rotation  of  ver- 
tebra iu  lateral  curvature.  The  .various  lines 
show  the  positions  of  the  body  and  transverse 
processes  in  the  different  degrees  of  rotation. 
The  axiij  of  rotation  is  behind  the  tip  of  the 
spinous  process,  where  the  throe  lines  meet. 
(Adams.) 
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bably  from  the  greater  mobility  there.  There  is  usually  curvature  in 
both  these  regions,  the  two  cvirves  being  in  opposite  directions,  and  one 
of  them  in  a  certain  sense  secondary.  It  is  not  possible,  however,  to 
distinguish  rigidly  between  primary  and  secondary  curves,  as  the  two 
form  nearly  pari  passu  ;  a  slight  deviation  to  one  side  will  result  in  a 
similar  curve  to  the  opposite  side,  and  they  will  increase  together. 

We  have  seen  above  in  connection  with  Fig.  194  that  the  plane  of 
the  transverse  processes  is  altered  by  the  rotation  of  the  vertebrae.  An 
examination  of  that  figure  will  show  that  the  transverse  process  on  the 
side  of  the  convexity  is  considerably  displaced  backwards,  and  in  actual 
cases  it  may  be  felt  projecting  under  the  skin.  If  the  curve  be  in  the 
dorsal  region  the  rib  will  be  similarly  displaced,  and  its  angle  especially 
will  project.    As  shown  in  Fig.  195,  the  rib  in  that  case  commonly 


Fig.  195. — Diacrrammatic  section  of  normal  cliest  and  that  mth 
rotatory  curvature.  In  the  latter  it  is  seen  that  the  body  of  the 
vertebra  is  rotated  into  the  right  side  of  the  chest,  the  rib  on  this 
side  turning  at  an  unduly  sharp  angle.  Tho  prominence  of  the 
transverse  process  on  this  side  and  of  the  breast  on  the  opposite  side 
is  shown.  (Adams.) 

makes  a  sharp  curve  at  its  angle,  so  that  it  is  greatly  flattened  laterally. 
The  figure  also  shows  that,  in  such  a  case,  the  capacity  of  the  corre- 
sponding side  of  the  chest  is  greatly  diminished.  The  body  is  rotated 
into  that  side  of  the  chest  and  the  ribs  are  flattened  towards  the  ver- 
tebrge,  these  conditions  sometimes  attaining  to  such  a  degree  that  the 
bodies  of  the  vertebrae  approach  the  internal  surface  of  the  ribs.  There 
is  consequently  great  reduction  in  the  capacity  of  this  side  of  the  chest, 
the  lung  being  correspondingly  compressed  and  curtailed  in  its  move- 
ments. It  will  be  seen  also  that  posteriorly  there  is  prominence  of  the 
angles  of  the  ribs  on  the  side  corresponding  with  the  convexity  of  the 
curve,  while  anteriorly  the  breast  on  the  opposite  side  is  prominent. 

The  term  Spondylolisthesis  has  been  recently  introduced  to  designate 
a  rare  condition  in  which,  as  a  result  of  injury  or  inflammation,  the  fifth 
lumbar  vertebra  is  displaced  forwards  so  as  to  overhang  the  base  of  the 
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sacrum.  The  vertebra  carries  with  it  the  whole  spinal  column  above 
it  and  projects  into  the  pelvis  and  narrows  it. 

Literatftre.— Pott,  Remarks  on  that  kind  of  Palsy  which  is  often  found  to  accom- 
pany curvature  of  the  spine,  1779  ;  Further  remarks,  etc.,  1782  ;  Waud,  Prac.  obs.  on 
distortions  of  spine,  etc.,  1822 ;  Shaw,  in  Holmes'  Syst.  of  Surg.,  1883 ;  Adams, 
Lectures  on  curvature  of  spine,  2nd  ed.,  1882 ;  Little,  in  Holmes'  Syst.  of  Surg.! 
1883 ;  Neugebaubb,  Zur  Entwickelung  d.  spondyloUsthesis  des  Beckens,  1882 ;' 
SwEDLiN,  Arch.  f.  Gynaek,  xxii.,  1883  ;  Keukenbebg,  ibid.,  xxv.,  1884. 


X.— TUMOUES  OF  BONE. 

The  tumours  of  bone  spring  from  the  active  tissue  which  enters  into 
the  composition  of  bone,  and  this  has  been  shown  to  be,  on  the  one 
hand,  the  medulla,  forming  not  only  the  marrow  of  the  long  bones,  but 
occupying  also  the  spaces  of  the  spongy  bone  and  the  various  canals  of 
the  dense  bone ;  and,  on  the  other  hand,  the  subperiosteal  layer,  which 
really  constitutes  the  same  tissue  as  the  medulla.  The  tumours  of  bone 
may  be  distinguished  according  as  they  arise  from  the  medulla,  in  which 
case  they  may  be  called  Central  or  Myelog'enous,  or  from  the  sub- 
periosteal layer  when  they  are  designated  Peripheral  or  Subperiosteal. 
Originating  in  these  tissues,  they  frequently  present  ossifying  char- 
acters. 

The  primary  tumours  of  bone  belong  to  the  connective  tissue  series, 
but  from  the  near  connection  of  some  of  the  bones  (especially  the  jaws) 
vnth  epithelial  structiu-es,  we  may  have  tumours  composed  of  epithe- 
lium, such  as  cysts  and  cancers  growing  as  primary  tumours.  Of  the 
typical  tumours  the  commonest  are  the  Osteoma,  Chondroma,  and 
Fibroma,  while  the  Myxoma,  Lipoma,  and  Angioma  constitute  rare 
forms.  Amongst  the  atypical.  Sarcoma  in  various  forms  is  somewhat 
common  as  a  primary  tumour,  while  Carcinoma  is  frequent  as  a 
secondary  growth.    Cysts  are  frequent  in  the  bones  of  the  jaws. 

Osteoma  or  Osseous  tumour.— The  osseous  tumours  in  connection 
with  bone  have  been  distinguished  as  exostoses  when  they  grow  on  the 
surface,  and  enostoses  when  they  are  central.  The  former  are  much  the 
commoner.  According  to  structure  they  are  designated  ivory  exostoses 
when  they  are  composed  of  dense  bone,  and  spongy  exostoses  Avhen  of 
cancellated  bone.  In  some  of  the  exostoses  the  bone  is  formed  from 
membrane,  while  in  others  it  is  from  cartilage,  so  that  a  layer  of 
cartilage  covers  the  surface  of  the  tumour  so  long  as  it  is  growing. 
This  form  is  sometimes  called  the  Cartilaginous  exostosis. 

The  remarks  made  in  regard  to  the  exostoses  at  p.  224  need  not  be 
repeated  here.  It  may  be  added  that  Multiple  exostoses  are  of  occa- 
sional occiUTence.    In  the  case  from  which  Fig.  196  is  taken  (Virchow) 
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the  patient,  a  boy  ten  years  of  age,  had  suffered,  during  the  course  of 
three  years,  from  repeated  attacks  of  rheumatism  affecting  the  joints 
4Uid  muscles.  The  result  was  the  formation  of  sixty -five  exostoses  on 
\wious  bones  of  the  body.  Exostoses  also  occur  not  infrequently  at 
the  insertion  of  tendons,  growing  into  the  latter  and  sometimes  even 
separate  from  the  bones.  These  are  connected  in  their  origin  with  the 
contraction  of  powerful  muscles,  occurring  chiefly  where  such  muscles 
Are  inserted,  and  sometimes  induced  by  specially  violent  exercise  of  the 
muscles. 

Fibroma. — These  tumours  arc  mostly  peripheral,  but  they  have 
been  observed  also  centrally  in  the  lower  jaw,  vertebrae,  and  ends  of  the 
long  bones.  The  peripheral  ones  mostly  occur  in  the  bones  of  the  face 
Jind  cranium.  They  sometimes  grow  into  the  nares,  forming  naso- 
pharyngeal polypi.  In  structure  they  consist  of  an  intricate  meshwork 
•of  fibrous  tissue.  They  do  not  form  limited  tumours,  but  grow  out 
from  the  periosteum  over  a  considerable  area,  and  are  firmly  adherent  to 
the  bone. 

Chondroma. — This  occurs  both  as  a  central  and  as  a  peripheral 
tumour.  The  characters  of  the  cartilage  vary  somewhat  in  cliff"erent 
■cases. 

The  central  chondromata  originate  in  the  medulla,  especially  in  the 
.small  bones  of  the  hands  and  feet,  and  they  are  often  multiple.  They 
may  grow  till  they  distend  and  even  rupture  the  bony  shell  (see  p.  233, 
Fig.  65). 

The  peripheral  chondromata  occur  on ,  the  long  bones,  the  bones  of 
the  trunk  and  those  of  the  head.    They  are  generally  nodulated. 

The  name  Osteoid  chondroma  has  been  given  by  Yirchow  to  a  form 
of  tumour  which  merits  a  more  special  description.  The  tumour  is 
•composed  essentially  of  tissue  such  as  we  find  in  the  deep  layer  of  the 
periosteum  of  a  growing  bone,  or  in  callus,  its  main  constituents  being 
osteoblasts.  The  cells  are  smaller  than  cartilage  cells  and  mostly 
round ;  they  do  not  possess  a  capsule.  There  is  a  dense  inter- 
•cellular  substance  which  has  a  somewhat  fibrous  appearance.  In  the 
midst  of  the  tissue  bits  of  true  cartilage  may  be  found.  Being  formed 
■of  tissue  analogous  to  that  which  is  preliminary  to  ossification  it  fre- 
quently undergoes  calcification  and  even  conversion  into  true  bone. 
Such  tumours  form,  mostly,  under  the  periosteum  of  the  long  bones  and 
their  seat  of  election  is  the  lower  end  of  the  femur  or  the  upper  end  of 
the  tibia,  originating  probably  in  the  layer  of  osteoblasts  there,  and 
they  may  grow  to  large  dimensions.  They  thus  form  club-shaped 
expansions  of  the  long  bones  (Fig.  197).  On  section  the  tissue  is 
found  to  be  dense,  and  it  becomes  osseous  or  calcareous  on  passing 
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Fig.  100. 


Fig.  197. 


Fig.  Multijile  exostoses  of  femur,  tibia,  and  fibula. 

Tliese  are  grouped  towards  tlie  ends  of  the  diaphyses.  At  its 
lower  end  the  fibula  is  flattened  by  the  exostoses  growing  out 
from  the  tibia.  From  a  boy  10  years  of  age.  One  third  the 
natural  size.  (Vmcnow.) 

Pig.  107.— Osteoid  chondroma  of  the  tibia,  divided  obliquely. 
At  the  upper  extremity  the  tumour  lias  surromided  the  cnrti- 
1  iijos  of  the  knee,  and  new-formed  cartilages  liave  been  j->ro- 
duced.  Internally  the  bone  is  condensed  by  the  uewforniatiou 
of  bony  masses.    From  a  boy  13  years  of  age.  (Virchow.) 
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deeply,  where  it  is  incorporated  with  the  bono.  The  medullary  cavity 
of  the  bone  is  often  filled  with  new-formed  bone.  This  form  of  tumour 
sometimes  presents  a  tendency  to  become  sarcomatous,  and  even  with- 
out that  it  may  recur  after  removal. 

Myxoma. — This  form  of  tumour  is  very  rare,  but  cases  have  been 
observed  of  both  central  and  peripheral  origin.    A  pure  myxoma  is- 
rare,  the  tissue  being  usually  mixed  with  cartilage  or  other  tissue. 
The  growing  tumour,  whether  central  or  peripheral,  causes  atrophy  of 
the  bone.    The  commonest  seat  is  the  jaw-bones. 

Lipoma  is  still  more  rare.  Cases  have  been  described  in  the  upper- 
jaw  and  tibia. 

Angioma.— Tumours  composed  of  blood-vessels  are  very  rare  in  the- 
bones,  but  some  cases  are  recorded  in  which  cavities  filled  with  blood 
have  communicated  with  vessels.  These 
cavities  have  been  chiefly  at  the  ends 
of  long  bones.  The  cavities  are 
variously  regarded.  Some  consider 
them  true  vascular  tumours,  others 
believe  they  are  produced  by  rupture 
of  arteries,  and  are  False  aneurysms, 
while  others  assert  that  they  originate 
from  sarcomas  whose  vessels  have  en- 
larged. The  name  Hsematoma  is  also 
applied  in  the  view  that  they  originate 
in  haemorrhage. 

Besides  these  tumours,  others  may 
be  so  highly  vascular  as  to  be  pulsatile 
during  life.  This  applies  especially  to 
the  soft  sarcomas. 

Cysts  and  Cystoma. — Cysts  occa- 
sionally arise  in  bone  by  softening 
of  the  tissue  of  other  tumours  or 
of  the  bone-marrow  itself.  Fig.  198 
represents  a  case  in  which  the  head  of 
the  fibula  was  distended  by  a  unilocular 
cyst  which  contained  serous  fluid  and 
was  lined  by  a  vascular  membrane. 

Cysts  of  the  jaws  merit  special  atten- 
tion. These  originate  for  the  most  part 
near  the  alveolar  processes,  and  are  pro- 
bably related  to  the  teeth.  Some  of 
them  are  single,  Unilocular  cysts,  and  have  their  origin  in  teeth  which 


Fig.  1U8. — Cyst  of  uppoi-  end  of  flbiilu.. 
Tlio  upper  ])iii  t  of  the  bono  is  expandedi 
into  a  cyst  wliicli  contained  a  ruddish 
serous  fluid. 
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liave  not  undergone  the  usual  eruption.  A  tootli  or  pieces  of  hard 
-substance  (dentine)  are  usually  present  in  the  wall  of  the  cyst  Others 
nve  Multilocular  and  develop  out  of  a  gland-like  tissue,  the  cells  of 
which  undergo  colloid  degeneration,  and  in  this  way  form  cysts  In 
Its  original  structure  the  tumour  might  be  called  an  adenoma,  and  a 
■considerable  portion  of  it  is  sometimes  composed  of  solid  glandular  or 
<3pithelial  tissue.  According  to  Eve  the  tumour  arises  by  penetration 
downwards  of  the  epithelium  of  the  gums,  and  he  relates  this  to  the 
normal  penetration  of  this  epithelium  in  the  foetus  in  order  to  form  the 
•enamel  organ.  These  multilocular  cysts  are  mostly  innocent,  but  some- 
times the  epithelium  is  less  regularly  arranged,  and  they  approach  in 
structure  and  tendencies  to  the  cancers.  Both  forms  of  cysts  originate 
in  the  interior  of  the  jaws  and  distend  them ;  those  in  the  upper  jaw 
have  a  special  tendency  to  pass  into  the  antrum  which  they  may  fill 

Sarcomas.— These  form  the  most  important  group  of  tumours  of 
bone.    They  are  divisible  into  central  and  subperiosteal  forms. 

The  Central  or  Myelogenous  sarcoma  occurs  in  the  lower  jaw  and  in 
the  cancellated  tissue  of  the  long  bones,  especially  the  femur,  tibia,  and 
humerus.  They  present  a  somewhat  varied  structure.  Many  of  them 
are  giant-ccUed  or  myeloid  sarcomas.  Some  are  composed  of  large 
round  cells,  which  may  resemble  epithelial  cells  ;  some  are  spindfe- 
celled.  There  are  also  cases  in  which  large  cells  exist  in  nests,  forming 
■an  alveolar  sarcoma,  Avhich  resembles  cancer. 

The  central  sarcomas,  originating  in  the  bone-marrow  or  in  the  sub- 
,stance  of 'the  bone,  destroy  in  their  growth  the  bone-tissue.  In  this 
way  they  frequently  work  their  way  to  the  surface,  destroying  the  con- 
tinuity of  the  bone.    Spontaneous  fracture  is  the  result. 

In  some  cases  the  sarcomatous  tissue  almost  entirely  replaces  the  proper  bone, 
the  condition  suggesting  a  newformation  in  the  entire  medulla.  This  is  strikingly 
the  case  in  a  preimration  in  the  Museum  of  the  Western  Infirmary.  Here  the 
entire  humerus  is  replaced  by  a  bulky  tumour  consisting  of  round  and  spindle- 
■.shaped  cells,  no  trace  of  the  bone  persisting  except  the  condyles.  The  arm  was 
.amputated,  but  a  precisely  similar  tumour  developed  in  the  other  humerus,  which 
was  also  amputated. 

The  Subperiosteal  sarcomas  are  chiefly  round-celled  or  spindle- 
celled,  but  in  the  case  of  the  jaws  they  may  be  giant-celled.  The 
tumour  may  enclose  a  considerable  portion  of  the  bone,  especially  in 
he  case  of  the  long  bones,  and  may  present  a  somewhat  radiating 
-arrangement  from  the  shaft.  The  tissue  is  very  liable  to  undergo 
■ossification.  In  some  the  ossification  is  so  striking  a  feature  that  the 
whole  tumour  is  represented  by  a  mass  of  dense  bone,  on  the  surface  of 
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which  the  sarcomatous  tissue  is  present  as  a  comparatively  thin  layer. 
To  this  form  the  term  Osteoid  sarcoma  may  be  api)lied.  The  cells  on 
the  surface  of  this  tumour  are  variously  shaped,  and  the  bone  seems  ta 
arise  directly  from  these  cells,  which  act  as  osteoblasts 

The  sarcomas  of  bone  show  very  varying  degrees  of  Malignancy. 
They  grow  locally  at  the  expense  of  the  bone,  and  not  infrequently 
encroach  on  neighbouring  structures,  sometimes  penetrating  into  the 
joints.  Many  of  them  shoAv  merely  this  local  malignancy,  but  other.<> 
extend  by  metastasis  to  internal  parts.  Even  the  highly  ossifying 
forms  may  lead  to  secondary  tumours  in  the  lungs,  the  metastatic 
tumours  showing  a  similar  ossifying  tendency. 

Carcinoma. — A  primary  cancer  can  scarcely  originate  in  bone,  where 
there  are  no  epithelial  elements.  In  the  jaws,  however,  we  meet  with 
what  are  practically  primary  cancers.  The  near  connection  of  the  jaw- 
bones with  the  gums  and  with  the  teeth,  whose  enamel  organ  is  an 
epithelial  structure,  explains  the  origin  of  such  tumours.  Cysts  of  the 
antrum  have  been  already  referred  to  as  frequently'  originating  in 
adenoid  tissue,  and  this  tissue  may  take  on  a  cancerous  character.  In 
both  jaws,  also,  cancer,  originating  at  the  alveolar  surface,  may  grow 
into  and  involve  the  bone. 

Secondary  cancer  is  very  frequent  in  the  bones.  Cancer,  when  it 
becomes  generalized,  is  very  liable  to  become  implanted  in  the  cancel- 
lated tissue,  especially  of  the  vertebrae,  ribs,  and  ends  of  the  long  bones. 
It  there  grows  as  a  central  tumour,  distending  and  destroying  the  bone, 
and  sometimes  leading  to  spontaneous  fractures.  In  most  cases  the 
tumours  are  multiple. 

Secondary  thyroid  adenoma  is  a  rare  form  of  tumour  in  bone.  A 
few  cases  have  been  observed  in  which,  ^vith  enlargement  of  the  thyroid, 
secondary  tumours  composed  of  glandular  tissue  have  developed,  chiefly 
in  the  bones  of  the  skull  and  vertebrte.  In  a  case  observed  by  the 
author  the  tiunours  occurred  in  the  diploe  of  the  skull,  and  in  gi'owing 
destroyed  the  bone.  One  of  the  tumours  in  the  occipital  region  caused 
a  gap  in  the  skull  an  inch  and  three  quarters  in  diameter.  This  was 
occupied  by  the  timiour  which  projected  inwards  and  outwards.  It 
formed  during  life  a  bulky  Pulsatile  tumour. 

Parasites  are  very  rare  in  bone.  The  Cysticercus  cellulosa^  has 
been  observed,  but  the  Echinococcus  more  frequently.  The  hydatid 
cyst  has  mostly  been  met  with  in  the  bones  of  the  pelvis  or  in  the  tibia. 
After  growing  and  distending  the  bone  it  may  burst  through  it  and 
develop  further  in  the  soft  parts  around. 

Literature. — Webkr,  Die  Exostosen  and  Enchondrome,  18.5(3 ;  Virchow,  Gesohwiil- 
ste  ii. ;  Lucke,  in  Pitha  and  BiUroth's  Handb.,  1860  ;  CoiiNtr,  et  Ranvh?!!,  Man. 
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cl'hist.  path.,  i.,  1881 ;  Eve,  Cystic  tumours  of  jaws,  Brit,  Med,  Jour,,  1883,  i. ; 
Heath,  Injuries  and  Dis.  of  Jaws,  3rd  ed.,  1884;  Butlin,  Oper,  surg,  of  malig. 
•tlisease,  1887  ;  Jones,  Dis.  of  bones,  1887;  Coats,  Path,  trans.,  xxxviii.,  1887. 

B. — The  Joints, 

I.— DISLOCATIONS  AND  MISPLACEMENTS. 

1.  Congenital  dislocations. — Children  are  sometimes  born  with  the 
joints  in  faulty  positions,  some  of  these  being  really  traumatic  and 
others  of  more  obscure  origin.  The  traumatic  cases  arise  for  the  most 
part  dui'ing  parturition,  either  from  the  natural  forces  engaged  in 
delivery,  or  by  dragging  on  the  part  of  attendants.  The  Hip-joint  is 
not  infrequently  dislocated  in  this  way,  and  usually  the  displacement 
is  on  both  sides  at  once.  The  head  of  the  bone  is  usually  displaced 
upwards  so  as  to  rest  on  the  dorsum  of  the  ilium  above  and  behind  the 
4icetabulum.  Through  time  the  head  makes  for  itself  a  new  joint,  and 
the  acetabulum  fills  up.  Congenital  dislocations  of  other  joints  are 
•exceedingly  rare. 

2.  Talipes  or  Club-foot  and  Club-hand. — These  names  are  applied  to 
distortions  of  the  feet,  or  more  rarely  of  the  hands;  the  bones  assume 
certain  abnormal  positions  in  which  they  are  retained  by  the  contraction 
■of  muscles. 

Causation. — A  certain  proportion  are  Congenital,  the  child  being 
born  with  one,  or  more  commonly  both  feet,  turned  rigidly  in,  so  as  to 
form  a  Talipes  varus.  The  muscles  keep  the  foot  in  this  position. 
According  to  Eschricht  and  Berg,  the  foot  in  early,  foetal  life  is  inverted, 
and  at  birth  normally  retains  a  degree  of  inversion,  the  soles  being 
turned  in.  An  exaggeration  of  this,  or  a  retention  of  the  early  foetal 
condition,  constitutes  a  congenital  club-foot. 

The  Non-congenital  forms  are,  in  most  cases,  due  to  infantile 
paralysis,  a  disease  in  which  some  muscles  are  paralysed,  while  others 
are  not.  In  some  cases  the  deformity  is  due  to  the  rigid  contraction 
of  the  unparalysed  muscles,  a  condition  to  which  the  name  Paralytic 
contracture  is  often  given.  In  many  cases,  however,  the  faulty  posi- 
tion is  largely  due  to  the  fact  that  the  muscles  are  not  able  to  keep  the 
foot  in  its  proper  position,  so  that  it  tends  to  fall  into  the  attitude 
it  would  assume  if  there  were  no  muscles.  These  positions  are  also 
variously  modified  by  the  use  made  of  the  foot  in  walking,  the  parts 
being  brought  against  the  ground  in  the  position  most  suitable  to 
stability  in  the  maimed  condition  of  the  limb.  In  a  similar  way  club- 
foot may  occur  in  pseudo-hypertrophic  paralysis. 

Besides  paralysis,  it  seems  that  spasm  may  lead  to  talipes,  although 
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the  explanation  of  the  local  spasm  is  often  verj'-  obscure.  It  is  undoubted 
that  children  sometimes  acquire  a  talipes  after  a  convulsive  attack. 

Forms  of  Talipes.— These  do  not  call  for  detailed  description  here. 
There  are  four  principal  forms,  some  of  which  may  be  combined.  In 
Talipes  varus  the  toes  are  inverted,  and  the  inner  margin  of  the  foot  is 
i-aised  upwards;  the  tibiales  anticus  and  posticus  are  the  muscles  which 
are  chiefly  contracted.  In  Talipes  valgus,  which  is  one  of  the  rarer 
forms,  the  foot  is  turned  outwards,  the  outer  border  is  raised;  and  there 
is  usually  also  some  elevation  of  the  heel;  the  peronei,  extensor  longus 
digitorum  and  gastrocnemius  are  the  muscles  chiefly  engaged.  In  Talipes 
equinus  the  heel  is  raised  and  the  foot  extended,  so  that  the  person 
walks  on  the  distal  extremities  of  the  metatarsal  bones;  the  gastro- 
cnemius is  the  muscle  contracted.  In  Talipes  calcaneus  the  heel  is 
depressed  and  the  foot  flexed  at  the  ankle,  this  deformity  being  the 
reverse  of  the  preceding  one;  the  contracted  muscles  are  chiefly  the 
tibialis  posticus,  the  peronei  and  the  extensors. 

By  long  retention  of  the  fixed  position  the  Bones  become  variously 
modified  in  shape,  undergoing  atrophy  where  exposed  to  prolonged 
pressure.  Where  the  cartilage  is  no  longer  used  in  the  movements 
•of  the  joints,  it  also  atrophies.  The  bones  frequently  acquire  adhesions 
in  their  new  positions,  and  the  ligaments,  by  elongating  or  shortening, 
.accommodate  themselves  to  the  new  position.  New  ligamentous  attach- 
ments are  sometimes  formed,  and  the  bones  may  become  joined  together 
by  anchylosis. 

3.  Traumatic  dislocations. — We  have  here  to  do  with  cases  in  which  the 
bone  is  pushed  out  of  its  place  by  some  external  force  acting  on  it. 

The  bones  are  kept  in  their  places  mainly  by  the  ligaments  of  the 
joints,  but  no  inconsiderable  aid  in  this  regard  is  given  by  the  muscles 
which  act  on  the  bones.  As  a  general  rule  when  external  pressure  is 
exercised  on  a  bone  at  a  joint,  the  muscles  are  so  braced  as  to  enable 
the  bone  to  retain  its  place  in  spite  of  the  external  force.  But  if  a  force 
is  exercised  on  a  bone  unexpectedly  or  when  the  muscles  are  generally 
relaxed  as  by  alcoholic  stupor,  then  it  may  be  displaced,  although 
the  force  under  ordinary  circumstances  would  be  insufiicient  to  produce 
this  effect. 

When  the  bone  is  dislocated,  the  same  contraction .  of  the  muscles 
which  normally  aids  in  preventing  dislocation,  generally  offers  serious 
obstacles  to  the  return  of  the  bone  to  its  normal  place. 

A  bone  may  even  be  displaced  by  the  action  of  the  muscles  themselves,  where  a 
certain  group  acts  very  vigorously  while  their  antagonists  are  relaxed.  There  are 
indeed  persons  who  can  produce  Dislocation  voluntarily  of  almost  all  the  more  move- 
able joints,  and  that  by  mere  muscular  effort.     In  order  to  this  we  must  suppose  a 
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certain  laxness  of  the  ligaments,  but  there  is  also  a  power  acquired  by  education  of 
strongly  contracting  certain  muscles,  while  others  which  usually  contract  along  with 
them  are  relaxed.  We  know  that  for  the  most  part  the  muscles  in  their  contractions, 
are  co-ordinated,  and  most  people  are  unable  to  contract  individual  muscles  apart 
from  their  co-ordinates,  but  there  are  exceptional  persons  who  possess  this  power, 
some  in  a  limited  degree  and  others  very  remarkably.  Many  persons,  for  instance, 
cannot  shut  one  eye  without  shutting  the  other,  and  most  persons  when  they  shut 
one  require  to  make  an  active  effort  at  opening  the  other,  in  order  to  prevent  it 
shutting  too.  But  there  are  persons  who  can  close  the  eyelids  of  one  eye  as  easily  as- 
they  can  close  the  fingers  of  one  hand. 

In  traumatic  dislocation  there  is  usually  tearing  of  the  ligaments  to 
some  extent,  and  in  the  case  of  some  joints  much  laceration  is  necessary 
before  dislocation  can  occur. 

If  restoration  does  not  occur  soon  then  the  bone  acquires  adhesions  in 
its  abnormal  situation,  the  adhesions  being  the  result  of  chronic  inflam- 
mation set  up  by  the  irritation  of  the  bone.  The  displaced  bone  gen- 
erally comes  to  press  with  its  head  against  a  neighbouring  part  of  the 
bone  with  which  it  formerly  articulated,  and  the  adhesions  attach  it  to 
the  periosteum  in  its  new  position.  Friction  by  degrees  wears  down  to 
some  extent  the  opposed  piece  of  bone,  and  as  new  bone  is  produced 
around  by  the  irritation  there  may  be  a  kind  of  hollow  joint  formed.  By 
the  wearing  of  the  bone  the  cancellated  tissue  would  be  exposed,  were 
it  not  that  dense  bone  is  produced  on  the  surface  so  as  to  cover  in  the 
spongy  tissue.  A  smooth  hollow  surface  may  thus  be  produced,  and  a 
tolerablj'  perfect  joint,  although  cartilage  is  not  formed  to  cover  it,  but 
only  a  layer  of  smooth  polished  bone.  The  head  of  the  displaced  bone 
also  loses  its  cartilage,  and  may  even  get  worn  away  considerabh*.  If 
the  bone  remains  permanently  displaced  the  old  hollow  of  the  joint 
becomes  filled  up,  bone  growing  when  the  friction  of  the  opposing  bone 
is  no  longer  exercised. 

4.  Spontaneous  dislocations. — This  name  is  applied  to  dislocations 
Avhich  occur  without  any  considerable  violence,  and  they  usually  imply  a 
previously  diseased  state  of  the  joints.   The  disease  is  generally  inflam 
mation  or  tuberculosis,  which  soften  the  ligaments  and  alter  the  form 
of  the  joints. 

Literature. — Adams,  On  Club-foot,  1866;  Eschkicht,  Deutsch.  Klinik.  1851; 
MiCHAUD,  Arch.  d.  phys.,  iii.,  1870;  Holl,  Langenbeck's  Ai-ch.,  xxv.,  1880. 

II.— ANCHYLOSIS. 

By  this  name  is  meant  fixation  of  a  joint  by  union  of  the  opposing 
bones  by  means  of  firm  adhesions.  The  expression  "false  anchjdosis"  is 
sometimes  used  to  designate  the  condition  in  which  the  joint  is  fixed,  not 
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by  adhesion  between  the  bones,  but  by  rigidity  and  shortening  of  the 
siuTounding  soft  parts. 

For  the  most  part  anchylosis  is  the  result  of  inflammations  of  joints, 
where  the  cartilage  has  been  destroyed  and  healing  has  subsequently 
occurred.  In  the  process  of  healing  the  inflammatory  tissue  on  the 
opposing  surfaces  develops  into  connective  tissue,  and  as  the  two  sur- 
faces have  to  a  considerable  extent  coalesced,  fibrous  tissue  unites  them 
permanently.  In  this  fibrous  bond  of  union  there  are  often  bony  plates, 
and  occasionally  the  union  is  efi"ected  by  bone  itself  In  the  latter  case 
the  term  Synostosis  is  applied.  This,  however,  is  a  very  unusual  occur- 
rence, as  even  slight  movement  of  the  joint  is  sufficient  to  prevent  the 
formation  of  bone.  The  fixation  of  the  joint,  however,  is  often  so  firm 
as  to  resemble  an  actual  coalescence  of  the  bones. 

The  term  Spondylitis  deformans  is  given  to  a  condition  in  which  the 
vertebrse  are  anchylosed  together.  There  is  a  synostosis  of  the  arches  and 
articidar  processes,  while  the  heads  of  the  ribs  are  anchylosed  to  the  spine. 
The  condition  is  a  gradually  advancing  one,  and  the  back  becomes 
rigid. 

ni.— INFLAMMATION  OF  JOINTS— AETHEITIS. 

In  most  cases  of  arthritis  the  inflammation  affects,  more  or  less,  all 
the  structures  which  enter  into  the  construction  of  the  joint.  The 
irritant  is  usually  present  in  the  joint  itself,  and  is  distributed  over 
it,  with  the  synovial  fluid,  by  the  movements  of  the  joint.  We  may 
expect,  therefore,  that  the  synovial  membrane  and  the  cartilage,  as 
they  cover  the  surface,  will  in  most  cases  be  primarily  aff"ected.  The 
cartilage,  being  non-vascular,  is  less  liable  to  inflammatory  changes  than 
the  synovial  membrane,  which  in  most  cases  is  primarily  and  chiefly 
engaged,  especially  in  acute  inflammations.  But  in  chronic  cases  the 
irritation  extends  beyond  these  structures  to  the  ends  of  the  bones,  to 
the  neighbouring  periosteum,  and  even  to  the  ligaments. 

1.  Simple  acute  arthritis.— This  condition  is  produced  most  directly  by 
the  opening  of  joints  and  the  occurrence  of  septic  decomposition  in  theii- 
fluids.  But  it  also  occurs  sometimes  by  expo.sure  to  cold,  from  injuries, 
and  from  the  extension  of  phlegmonous  inflammations  from  surrounding- 
parts. 

In  its  anatomical  details,  the  inflammation  resembles  closely  that  of 
he  pleura  and  pericardium.  The  synovial  membrane  and  cartilages  arc 
vered  with  fibrinous  exudation,  and  the  cavity  contains  serous  fluid  in 
which  flakes  of  fibrine  are  visilile.  This  fluid  is  sometimes  very  considei'- 
able  and  distends  the  joint.  In  this  stage  the  disease  may  resolve  and 
the  joint  return  to  its  normal  condition.    On  the  other  hand,  espcciall_y 
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if  the  joint  has  been  laid  open  and  exj^osed  to  decomposition,  the  in- 
flammation may  go  on  to  suppuration.  The  synovial  membrane  becomes 
swollen  and  dull,  being  infiltrated  with  inflammatory  cells,  and  gradually 
converted  into  granulation  tissue.  If  the  inflammation  is  very  acute,  we 
may  have  suppuration  by  the  mere  exudation  of  leucocytes  without 
much  change  in  the  synovial  membrane.  When  the  disease  has  gone 
on  to  the  formation  of  granulation  tissue  it  is  now  in  a  subacute  condi- 
tion which  is  apt  to  be  prolonged.  The  inflammation  also  extends  beyond 
the  synovial  membrane.  In  the  cartilage  the  cells  undergo  active  pro- 
liferation, and  the  matrix  breaks  down;  thus  softening  occurs,  and 
ulcers  form.  There  is  inflammation  of  the  bone,  a  rarefying  ostitis. 
The  ligaments  also  take  part  in  the  inflammation,  they  are  softened  and, 
with,  the  synovial  membrane,  take  part  in  the  formation  of  granulation 
tissue.  The  periosteum  is  inflamed  and  new  bone  is  formed,  so  that 
irregular  projections  occur  near  the  ends  of  the  bones.  With  all  this 
there  is,  of  course,  usually  an  abundant  purulent  discharge  from  the 
joint,  which  may  weaken  the  patient  and  prove  fatal,  perhaps  with 
amyloid  disease. 

If  the  inflammation  subsides,  the  various  masses  of  gi'anulation  tissue 
develop  into  connective  tissue,  and,  by  the  contraction  of  this,  great 
rigidity  of  the  joint  may  be  produced.  The  granulation  tissue  lining 
the  joint  does  also  to  a  great  extent  coalesce,  and  the  result  is  a  partial 
or  complete  obliteration  of  the  joint.  The  bones  thus  become  finally 
united  by  fibrous  or  osseous  adhesions,  and  a  permanent  anchylosis  is  the 
result. 

2.  Pyaemic  arthritis. — In  this  disease  septic  microbes  are  deposited 
in  the  joint  and  spread  over  the  surface  by  the  synovial  fluid.  The 
result  is  an  acute  inflammation  with  fibrinous  exudation,  but  generally 
going  rapidly  on  to  suppuration.  It  is  remarkable  that,  Avhen  the  joint 
is  full  of  pus,  there  is  sometimes  very  little  structural  change  in  the 
synovial  membrane,  the  whole  condition  being  almost  confined  to  the 
blood-vessels  from  which  an  excessive  exudation  has  occurred.  The  in- 
flammation usually  afl'ects  sevei'al  joints  simultaneously. 

It  is  to  be  added  that  occasionally  in  Dysentery,  Diphtheria,  Scarlet 
fever.  Erysipelas,  etc.,  a  similar  acute  arthritis  occurs.  In  these  diseases 
there  is  a  breach  of  a  cutaneous  or  mucous  surface  and  septic  or  other 
microbes  may  find  entrance.  The  aftcction  of  the  joints  is  thus  similar 
in  its  origin  to  Ulcerative  endocarditis,  which  sometimes  complicates 
these  affections. 

3.  Gonorrhoeal  arthritis. — -An  acute  arthritis  sometimes  develops  in 
gonorrhcjea,  but  the  connection  between  the  two  diseases  is  disputed  by 
some.    The  inflammation  is  usually  slight,  like  that  in  Acute  rheumatic 


INFLAIIMATIONS  OF  JOINTS. 


499 


arthritis,  or  it  may,  in  exceptional  cases,  assume  a  suppurative  character 
like  that  in  pj^a^mia. 

4.  Acute  rheumatic  arthritis. —Like  pytemic  arthritis  this  is  due  to 
ail  irritant  Avhich  is  present  i^rimarily  in  the  blood  and  affects  the 
structures  of  the  joints  like  other  connective  tissue  structures.  The 
result  is  an  acute  inflammation  accompanied  by  serous  and  sometimes 
by  fibrinous  exudation  into  the  joint.  The  synovial  membrane  is 
injected  and  swollen,  but  in  most  cases  the  inflammation  passes  off" 
Avithout  leaving  any  permanent  change. 

In  exceptional  cases  the  inflammation  lingers  in  one  or  more  joints, 
just  as  it  does  in  the  heart  when  the  valvular  structures  are  aff"ected  by 
the  same  rheumatic  poison.  In  that  case  the  chronic  inflammation  pro- 
duces thickening  and  rigidity  of  the  ligaments,  sometimes  with  fibrous 
union  of  the  bones. 

5.  Gouty  arthritis. — In  this  disease  uric  acid,  in  the  form  of  urate  of 
sodium,  is  deposited  in  the  tissues  of  the  joints.  It  is  first  deposited  in 
the  cartilage,  and,  according  to  Charcot,  always,  to  begin  with,  at  the 
middle  of  the  articulating  surface,  that  being  the  point  furthest  removed 
from  the  blood-vessels.  The  urate  is  sometimes  in  the  form  of  stellate 
crystals  (Fig.  199),  the  cartilage  cells  forming  the  middle  points  of  the 
bunches  of  crystals.    But  the  salt  is  also 

deposited  in  the  matrix  and  often  in  the 
form  of  irregular  needles.  It  is  also  fre- 
<[uently  deposited  in  the  synovial  mem- 
brane, and  in  the  bones,  ligaments,  and 
soft  parts  around  the  joints.  Sometimes 
the  salts  are  deposited  even  under  the 
skin,  forming  visible  projections  (the  so- 
called  tophi  or  chalkstones). 

According  to  Moore  the  deposition  of 
urates  is  always  preceded  by  degenerative 
changes  in  the  cartilage.  This  author  also 
associates  gout  very  intimately  with 
chronic  interstitial  nephritis,  pulmonary  ,.. 

1  1     1         .     .    f.  .  n     .'i^-  (-Cartilage  of  joint  in  gout, 

emphysema,  and  chronic  inflammation  of  with  crystals  of  urato  of  Hodimn.  The 

,1  , .        ^  salt  IS  in  stellate  crystals  which  are 

tne  aortic  valves.  nearly  continuous  at  upper  part  of 

TU^         „  •.•  i    1      1  i  i     figure,  which  corresponds  to  surface 

ine  deposition  seems  to  lead  to  an  acute  "t  jomt.  x  m  (Cornil  and  ran- 
irritation  of  the  structures  of  the  joint,  ^'""'^ 

chiefly  an  intense  hyperajmia,  often  with  serous  exudation.  It  never 
goes  on  to  suppuration,  however.  Complete  recovery  usually  takes 
place,  but  sometimes  there  remains  a  chronic  inflammation,  leading  to 
stiff"ness  and  deformity  of  the  joint. 
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6.  Chronic  rheumatic  arthritis.— As  a  rule  this  disease  affects  many 
joints.  As  the  changes  are  virtually  the  same  as  in  Arthritis  deformans, 
and  the  two  conditions  run  into  one  another,  we  may  describe  them 
together.  In  arthritis  deformn,ns  the  disease  is  partial,  being  confined 
perhaps  to  a  single  joint,  and  the  lesions  attain  a  much  greater  develop- 
ment than  in  general  articular  rheumatism.  It  is  also  much  more  a 
disease  of  old  people,  and  is  met  with  chiefly  among  the  poor.  In 
both  these  diseases  the  nature  of  the  irritant  is  entirely  obscure. 

The  inflammatory  phenomena  appear  first  in  the  synovial  mem- 
brane and  the  cartilages.  The  synovial  fringes  enlarge  by  a  slow 
process  of  inflammation,  and  the  villous  projections  increase  in  number 
and  become  more  prominent.  Not  uncommonly  pieces  of  cartilage 
develop  in  the  fringes,  originating  in  the  cartilage  cells  which  exist 
normally  there,  and  these  pieces  of  cartilage,  being  usually  pedunculated, 
act  very  much  like  free  bodies  in  the  joint  and  may  become  loose. 
This  cartilage  also  sometimes  undergoes  ossification  in  whole  or  in  part. 
At  the  same  time  there  is  an  increase  of  the  synovial  fluid,  but  without 
any  formation  of  fibrine  or  pus. 

'  The  cartilage  cells  undergo  proliferation  and  the  matrix  presents  a 
peculiar  fibrillation,  so  that  the  cartilage  assumes  a  soft  velvety  condi- 
tion, and  readily  undergoes  destruction  fi^om  the  friction  of  the  opposing 
surfaces.  It  is  stated  by  Eindfleisch  that  the  fibrillse  of  the  matrix 
undergo  mucous  degeneration,  and  that  mucus  may  be  found  in  the 
synovial  fluid. 

The  bone  beneath  the  cartilage  also  undergoes  considerable  alteration, 
especially  when  the  cartilage  gets  worn  away.  To  prevent  the  cancel- 
lated tissue  from  being  opened,  there  is  formed,  as  the  cartilage  is 
destroyed,  a  layer  of  dense  bone,  which  is  smooth  and  polished,  and 
takes  the  place  of  the  cartilage.  This  forms  a  much  less  eflBcient 
covering,  and  the  ends  of  the  bones  work  roughly  against  each  other. 
This  layer  of  bone  may  also  be  worn  down,  and  so  considerable  atrophy 
of  the  head  of  the  bone  may  result,  a  layer  of  dense  smooth  bone  being 
always  reproduced. 

At  the  borders  of  the  articular  surface  there  is  often  considerable 
newformation  of  bone,  the  result  of  the  inflammation  Avhere  the  parts 
axe  not  exposed  to  friction.  It  appears  from  the  observations  of 
Ranvier  that  the  bone  here  develops  largely  from  cartilage.  The 
synovial  •  membrane,  at  the  edge  of  the  joint,  covers  in  some  of  the 
marginal  portions  of  the  cartilage,  and  being  thus  protected,  the  cells 
may  proliferate  so  as  to  lead  to  newformation  of  cartilage,  which  may 
ossify.  The  periosteum  may  also  produce  new  bone,  and  even  the 
Jicaments  attached  to  the  periosteum  may  be  the  seat  of  bony  processes. 
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With  all  this  there  is  considerable  thickening  of  the  ligaments  by 
inflammatory  newformation  of  connective  tissue,  and  often  fibrous 
union  between  opposing  parts  of  the  joints.  Indeed,  if  the  joints  are 
kept  at  rest,  there  may  be  a  complete  union  of  the  parts  around  the 
joints  opposite  each  othei-,  leading  to  anchylosis. 

Without  anchylosis  there  is  stiffness  of  the  joints,  whose  movements 
are  greatly  curtailed.  There  is  frequently  great  deformity  from  the 
thickening  of  the  tissues  and  newformation  of  bone. 

An  extreme  degree  of  arthritis  deformans  is  sometimes  seen  in  the 
hip  joint,  where  it  gets  the  special  name  of  Morbus  coxae  senilis. 
Here  the  wearing  down  of  the  head  of  the  bone  is  sometimes  very 
extreme,  so  that  ultimately  the  articulating  surface  may  lie  between 
the  trochanters.  As  ne-\vformation  of  bone  occurs  simultaneously  at 
the  borders  of  the  articular  surface,  a  kind  of  artificial  head  is  produced, 
and  the  appearance  is  presented  as  if  the  neck  were  atrophied  and  the 
head  displaced.  In  like  manner  an  apparent  widening  of  the  aceta- 
bulum may  occur.  The  original  articular  surface  is  worn  away,  but  by 
the  formation  of  new  bone  under  the  periosteum  around,  a  wall  is  formed, 
giving  the  appearance  of  the  borders  of  a  widened  acetabulum. 

Charcot's  disease. — This  name  is  applied  to  conditions  of  the  joints 
arising  in  consequence  of  diseases  of  the  spinal  cord,  especially  locomotor 
ataxia.  The  lesions  consist  in  an  atrophy  of  the  articular  ends  of  the 
bones  including  the  cartilages.  There  is,  in  consequence  of  the  exposure 
of  the  bone,  a  wearing  down  of  the  bones,  without  the  newformation  of 
bone  such  as  appears  in  chronic  rheumatic  arthritis.  (See  under 
Locomotor  Ataxia.) 

IV.— SYPHILIS  AND  TUBEECULOSIS  OF  THE  JOINTS. 

Syphilis  does  not  frequently  attack  the  joints,  but  rheumatic  attacks 
in  syphilitic  persons  may  have  some  relation  to  the  specific  virus. 
According  to  Lancereaux,  there  may  be,  in  the  secondary  stage, 
an  inflammation  like  that  of  acute  or  subacute  rheumatic  arthritis, 
and,  in  the  tertiary  stage,  manifestations  like  those  of  chronic  ar- 
thritis. 

Tubercular  arthritis. — This  disease  is  also  called  strmmus  synovitis, 
gelatinous  degeneration  of  the  joint,  tumor  alius,  fungous  caries,  etc.  The 
tubercular  virus  is  the  essential  factor  in  the  Causation  of  the  disease. 
In  many  cases  it  reaches  the  joint  after  having  attacked  the  bone,  but 
the  proportion  of  cases  in  which  it  does  so  as  compared  with  those  in 
which  it  comes  directly  is  matter  of  dispute.  Tuberculosis  of  bone  will 
extend  to  the  joints  much  more  readily  in  the  case  of  some  bones  than 
others.    As  the  he.xd  and  neck  of  the  femur  are  exposed  in  the  hip- 
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joint  in  immediate  contact  with  the  synovial  membrane,  extension  very 
i^eadily  occurs  here. 

The  disease  is  mostly  one  of  children,  a  fact  which  favours  the  view 
that  it  generally  takes  origin  in  the  bones.  It  is  chiefly  Aveakly 
children  who  are  attacked. 

The  disease  begins  usually  in  the  Synovial  membrane,  and  consists 
in  a  formation  of  tubercles  and  a  chronic  inflammation  with  great  pro- 
duction of  granulation  tissue.  The  soft,  pulpy  granulation  tissue  gives 
the  synovial  membrane  a  gelatinous  apjjearance,  from  which  one  of  the 
names  of  the  disease  is  taken.  There  is  also  a  slow  enlargement  of  the 
joint  from  the  increased  bulk  of  the  synovial  membrane. 

The  Ends  of  the  bones  constituting  the  joint  are  aff"ected  simul- 
taneously or  soon  after,  and  here  the  characters  presented  are  those  of 
tuberculosis  of  bone.  The  medullary  spaces  become  tilled  with  granula- 
tion tissue  and  enlarged  by  destruction  of  the  bony  lamellae.  In  this 
granulation  tissue  there  are  also  tubercles.  There  is  thus,  as  it  were,  a 
pad  of  granulations  under  the  articular  cartilage. 

The  cartilage  also  at  the  sides  is  partly  encroached  on  and  over- 
lapped by  the  altered  synovial  membrane  which  advances  over  it.  In 
this  way  it  is  partly  enclosed  between  two  layers  of  granulation  tissue, 
and  it  gradually  becom.es  eaten  into.  The  granulations,  chieflj'^  those 
of  the  medulla,  extend  into  the  cartilage,  and  their  encroachment  is 
assisted  by  proliferation  of  the  cartilage  corpuscles,  which  enlarge  and 
cause  softening  of  the  matrix  around. 

By  the  absorption  of  the  cartilage  the  whole  joint  may  be  converted 
into  a  cavity  lined  with  granulation  tissue,  and  the  ligaments  also  are 
frequently  transformed  in  a  similar  way. 

Generally  suppuration  results,  and  the  joint  l^ecomes  filled  yvith  pus. 
Abscesses  also  not  uncommonly  form  around  the  joints.  Through  time 
the  pus  generally  finds  its  way  outwards,  and  is  discharged  by  an 
aperture  in  the  skin.  A  fistulous  canal  is  the  result,  forming  a  com- 
munication between  the  cavity  of  the  joint  and  the  siuface,  and  this 
canal  is  also  lined  with  exuberant  granulations,  which  pout  out  at  the 
opening  in  the  skin.  Among  the  granulations  here,  as  elsewhex*e, 
tubercles  are  found. 

The  rubbing  of  the  two  ends  of  the  bones,  which  are  now  covered 
by  granulations,  leads  to  an  ulcerative  destruction  of  those  soft  struc- 
tures. The  inflammation  extends  more  deeply  in  the  bone  as  the 
su]jerficial  j^arts  are  ulcerated,  and  so  we  have  progressive  caries.  For 
some  distance  beneath  the  surface  the  medullar}-  spaces  are  filled  mth 
granulations  and  the  bonj-  trabecula?  thinned.  It  will  be  uudei'stood 
from  this  how  the  disease  is  apt  to  recur  unless  the  whole  carious  por- 
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tion  be  removed,  for  tubercles  are  present  in  the  granulation  tissue  fill- 
ing the  medullary  spaces,  and  unless  they  be  removed  a  fresh  extension 
may  occur. 

In  an  early  period  of  the  disease^  l)efore  suppuration  has  occurred, 
there  may  be  recovery ;  but  after  the  occurrence  of  suppuration,  there 
is  seldom  a  spontaneous  restoration,  which  at  best  is  a  slow  process. 
If  recovery  takes  place  the  granulating  surfaces  unite  more  or  less,  and 
the  joint  being  partly  or  completely  obliterated,  a  fibrous  union  may 
come  about,  leading,  it  may  be,  to  anchylosis. 

The  author  has  met  with  a  case  in  which  an  early  and  pure  tuberculosis  of  the 
synovial  membrane  presented  peculiar  characters.  There  was  very  great  thicken- 
ing, so  that  the  synovial  membrane  was  converted  into  a  bulky  soft  grey  tissue 
which  overlapped  the  cartilages,  and  was  so  prominent  that  when  the  joint  was 
opened  for  the  pui-pose  of  excision,  the  idea  of  a  tumour  was  suggested.  In  this 
case  there  were  large  numbers  of  the  most  typical  tubercles,  many  consisting  almost 
entirely  of  giant-cells  and  epitheUoid  cells.  It  is  from  one  of  these  that  Fig.  53, 
p,  201,  is  taken. 

Literature. — Lahcebeatjx,  Traits  de  la  syph.,  1874;  Konig,  Tuberculose  der 
Knochen  und  Gelenke,  1884 ;  Choft,  Path,  trans.,  xxxii.,  1881. 

v.— LOOSE  BODIES  IN  JOINTS. 

These  occur  most  frequently  in  the  knee  joints,  but  also  in  the  hip, 
shoulder,  maxillary,  and  other  joints.  They  consist  generally  of  more 
or  less  rounded  pieces  of  tissue,  and  we  may  have  fibrous  tissue,  bone, 
cartilage,  and  adipose  tissue  entering  into  their  composition.  They  are 
nourished  hy  the  juices  of  the  joint  and  may  even  grow  in  their 
abnormal  position. 

The  loose  bodies  have  various  origins,  but  usually  arise  by  separation 
of  pieces  of  tissue  which  may  either  be  parts  of  the  normal  cartilage  or 
bone,  broken  off  by  violence,  or  else  parts  of  abnormally  j^rominent 
structures  which  have  in  the  movements  of  the  joints  been  torn  oft". 
Thus  the  synovial  fringes  may  enlarge  by  excessive  growth  of  adipose 
tissue  or  even  of  cartilage  in  them,  or  by  inflammatory  newformation. 
Again,  in  chronic  rheumatic  arthritis,  the  j^rominent  bony  excrescences 
are  liable  to  be  broken  off". 
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SECTION  III. 

DISEASES  OF  THE  NERVOUS  SYSTEM. 

iNTEODtJCTiON.  The  plan  of  the  nervotis  ■•!!ysfe7n.  A. —The  Peripheral  Nerve.s. 
Analomical  introduction.  1.  Effect.^  of  injur  n  and  division  of  nerve  Hlems.  2. 
Hyperoiinia  and  acute  inftammation:  Neuritis.  3.  Infective  neioformations  ami 
tumours. 

B.— The  Spinal  Coed  AND  Medulla.  Anatomical  introdnction.  I.  Secondary 
Degenerations.  Orcy  degeneration  or  sclerosis  ;  descending  and  ascending ; 
degeneration  after  amj)utations.  II.  Inflammations.  A.  Transverse 
Myelitis,  1.  Acute;  acute  softening,  2  Chronic;  chronic  compression.  B. 
Systematic  Myelitis.  General  causation.  1.  Sclerosis  of  posterior  columns, 
lesions,  and  symptoms  ;  Hereditary  ataxia.  2.  Lateral  sclerosis.  3.  Acutr 
ascending  paralysis.  4.  Acute  anterior  poliomyelitis.  5.  Chronic  anterior 
poliomyelitis.  6.  Progressive  muscular  atrophy.  1.  Bidbar  paralysis.  S. 
Pseudohypertrophic  paralysis.    III.  Tumours. 

INTBODUCTION.— PLAN  OF  THE  NBEVOUS  SYSTEM. 

rpHE  simplest  idea  of  a  nervous  system  is  that  of  a  central  ganglion 
cell  with  an  afferent  or  centriiDetal  fibre  and  an  efferent  or  centri- 
fugal one.  An  ajaproach  to  this  simplest  form  of  nervous  system  is 
afforded  us  in  the  case  of  the  heart.  We  have  here  in  the  substance  of 
the  organ  certain  groups  of  ganglion  cells,  which  possess  on  the  one 
hand  centripetal  fibres  coming  chiefly  from  the  endocardium,  and  on  the 
other  hand  centrifugal  fibres  passing  to  the  muscular  fibres  of  the  heart. 
It. is  to  be  presumed  that  impressions  conveyed  from  the  endocardium 
induce  the  development  of  impulses  which  are  conveyed  by  the  centri- 
fugal fibres  to  the  muscle  and  bring  about  its  contraction. 

But  these  intrinsic  ganglia  of  the  heart,  although  forming  with  their 
connections  a  complete  nervous  system,  are  not  entirely  isolated  and 
independent.  They  are  under  the  command  of  higher  centres  which 
control  their  action  and  thi'ough  them  affect  the  contractions  of  the 
heart.  From  these  higher  centres  fibres  reach  the  heart  by  two  paths, 
by  the  vagus  and  by  the  sympathetic,  and  by  means  of  these  fibres  the 
action  of  the  intrinsic  ganglia  is  restrained  or  stimulated. 

Taking  a  general  survey  of  the  nervous  system,  we  find  that,  among 
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the  innumerable  centres,  there  are  grades  or  orders  to  be  recognized,  the 
lower  or  simpler  being  under  the  control  of  the  higher  and  more 
•complex.  Leaving  aside  the  perijjheral  centres  and  the  sympathetic 
t^ystem,  we  may  fitly  illustrate  this  in  the  case  of  the  cerebro-spinal 
axis. 

In  the  Spinal  cord  there  are,  chiefly  in  the  anterior  cornua,  groups  of 
ganglion  cells  which  form  distinct  individual  centres.  Many  of  these 
appear  to  be  of  the  simplest  kind,  representing,  as  it  were,  single 
muscles  or  limited  groups  of  muscles.  The  stimulation  of  such  simple 
centres  would  produce  no  properly  co-ordinated  movements,  but  simply 
the  contraction  of  a  muscle  or  muscles.  But  in  the  cord  itself  there  are 
centres  of  a  higher  order  than  this,  representing,  not  single  muscles  or 
very  limited  groups,  but  more  considerable  groups  of  associated  muscles, 
so  that  movements  of  some  complexity  are  brought  about  by  their 
stimulation.  The  centres  of  lower  order  are  under  the  control  of  the 
higher,  and  it  is  to  be  presumed  that  the  higher,  in  bringing  about 
movements,  do  not  act  directly  on  the  muscles,  but  stimulate  in  the 
^rst  instance  the  lower  centres,  which  then  act  directly  on  the  muscles. 
Even  the  higher  centres  in  the  cord  are,  as  compared  with  those  in  the 
"brain,  of  a  very  low  oi'der,  and  are  only  capable  of  effecting  such  simple 
.actions  as  the  extension  of  the  toes,  the  drawing  up  of  the  leg,  etc. 

The  Medulla  oblongata  may  be  regarded  as  simply  an  extension 
upwards  of  the  spinal  cord.  Its  centres  are  scarcely  of  a  higher  order 
than  those  of  the  cord,  and  the  movements  which  may  be  effected  by  it 
Alone  are  of  the  simplest  character.  In  it  are  massed  the  great  centres 
which  have  the  control  of  the  respiratory  movements,  and  the  contrac- 
tion and  dilatation  of  the  blood-vessels.  The  muscles  of  the  tongue, 
raouth,  pharynx,  etc.,  are  represented  here  as  are  those  of  the  legs  and 
■trunk  in  the  spinal  cord. 

Passing  to  the  centres  next  in  order  above  the  cord  and  medulla 
•oblongata  we  reach  the  so-called  Middle  brain,  including  the  centres  in 
he  pons  varolii,  the  corpora  quadrigemina,  and,  as  jjerhaps  of  a  still 
igher  order,  the  cerebellum.    Many  animals  can  go  through  very 
laborate  movements  when  deprived  of  all  parts  above  this  middle 
rain.    A  pigeon  can  fly,  a  frog  can  leap,  and  a  rabbit  can  run.  There 
,  however,  a  want  of  spontaneity  in  the  movements,  which  present 
many  of  the  characters  of  complex  reflex  or  automatic  actions.  A 
rabbit  will  remain  quiet  till  its  foot  is  pinched,  and  will  then  set  about 
running.    The  movements  eft'ected  by  means  of  the  middle  brain  require 
the  action  of  the  same  muscles  as  those  in  which  the  spinal  cord  alone 
is  concerned,  but  the  combinations  are  more  complex  and  the  grouping 
•of  the  muscles  more  intricate.    In  effecting  these  more  comjjlex  move- 
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merits  the  higher  centres  act  in  the  first  place  on  the  lower,  and,  through 
them,  on  the  muscles,  the  lower  centres  in  the  cord  being  thus  a  neces- 
sary link  in  the  chain. 

In  man  the  middle  brain  appears  to  be  much  less  independent  than 
in  the  lower  animals.  In  many  animals,  as  we  have  seen,  a  stimulus 
coming  from  the  periphery  may  induce  such  complex  acts  as  flying, 
leaping,  running,  but  it  is  not  so  in  man.  If  the  centres  for  such  acts 
are  situated  in  the  middle  brain  in  man,  they  are  so  dependent  on  the 
higher  centres  that  when  their  connection  with  these  is  severed  they 
are  only  able  to  act  very  imperfectly.  A  certain  degree  of  indepen- 
dence is  shown  in  man  by  the  fact  that  when  a  person,  completely  para- 
lysed on  one  side  by  the  connection  being  divided  between  the  middle 
and  upper  brain,  yawns,  the  paralysed  arm  Avill  often  move  in  an  exag- 
gerated fashion  entirely  independently  of  the  will.  Yawning  is  an 
exaggerated  inspiration,  and  in  order  to  elevate  the  chest  the  arm  is- 
stretched  upwards  and  backwards  so  as  to  bring  the  pectoralis  into- 
action  on  the  chest  wall.  When  we  have  command  of  ourselves  we  can 
control  these  movements,  but  when  the  middle  brain  is  disconnected 
the  paralysed  arm  may  act  in  an  exaggerated  fashion. 

The  Basal  ganglia  of  the  cerebrum  form  a  series  of  centres  of  a  very 
high  order.  When  such  animals  as  the  dog  and  cat  are  deprived  of  all 
centres  higher  than  the  corpus  striatum  they  are  capable  of  running- 
about,  these  movements  being,  of  course,  automatic.  But  in  man,  and 
also  in  monkeys,  although  the  general  movements  of  the  body  may  be- 
regarded  as  gathered  together  in  these  ganglia,  they  are  not  sufficient 
for  the  more  complex  acts  of  locomotion,  etc.  The  movements  of 
the  body,  although  represented  in  a  complex  form  in  these  ganglia, 
are  represented  higher  up  in  a  still  more  complex  form,  and  at  the  same 
time  the  lower  centres  are  less  independent  of  these  higher  ones. 

In  the  Convolntions  of  the  cerebral  hemispheres  we  have  the  highest 
order  of  centres,  and  in  man  the  Motor  area  may  be  taken  to  form  the 
seat  of  all  the  centres  which  are  concerned  "with  the  more  complex 
voluntary  acts.  In  the  motor  convolutions  we  have  the  movements  of 
the  body  as  it  were  written  larger,  occupying  much  more  space  than  in 
the  corpus  striatum,  and  more  individualized. 

In  regard  to  Sensation,  we  are  not  to  look  for  a  succession  of  centres; 
such  as  we  have  in  the  case  of  motion.  There  are  peripheral  organs  of 
a  highly  specialized  character,  which  are  engaged  in  the  transmission 
of  the  various  special  Idnds  of  sensation.  Between  these  and  the 
highest  centres  there  are  virtually  no  others  interposed,  the  intervening 
structures  being  only  concerned  in  conduction,  perhaps  with  arrange- 
ments for  fortifying  the  impressions  as  they  are  conducted  through 
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greatly  elongated  paths.  Besides  the  apparatus  engaged  in  sensation, 
there  are  afferent  fibres  which  are  related  to  reflex  actions,  and  probably 
the  same  fibres  to  some  extent  subserve  both  functions. 

In  studying  the  specific  diseases  of  the  nervous  system  it  will  be 
necessary  to  carry  these  physiological  considerations  along  with  us,  and 
in  the  case  of  each  disease  it  will  be  projjer  to  take  into  account  the 
effiect  which  it  Avill  have  on  the  physiological  action. 

Lesions  occurring  in  nervous  structures  produce  various  effects. 
They  may  irritate  the  centres  either  directly  or  by  means  of  their  com- 
municating fibres.  If  a  Motor  centre  be  irritated  there  will  be  muscular 
movements,  spasm,  convulsion.  If  a  Sensory  centre  be  irritated  there 
\nl\  be  subjective  sensations  as  of  sight,  smell,  touch,  hearing,  taste.  If 
a  Mental  centre  be  irritated  there  will  be  subjective  mental  phenomena, 
that  is,  mental  phenomena  which  are  beyond  the  control  of  the  indi- 
vidual, peculiar  thoughts,  illusions,  etc.  On  the  other  hand,  lesions- 
may  destroy  centres,  in  which  case  we  shall  have  paralysis  of  motion, 
or  loss  of  sensation  (anaesthesia),  or  mental  degeneracy. 

Lesions  which  are  large  and  palpable  are  often  called  Coarse  lesions, 
lis  where  a  tumoixr  or  a  clot  destroys  or  irritates,  or  does  both.  Coarse 
lesions  are  thus  distinguished  from  those  finer  changes  which  are  matter 
for  microscopic  observation.  In  some  cases,  indeed,  the  existence  of 
actual  physical  changes  is  matter  of  inference,  the  anatomical  demon- 
stration of  them  being  not  yet  furnished. 

Literature. — An  excellent  exposition  of  the  construction  of  the  nervous  system  i.s- 
^'iven  in  Herbekt  Spencer's  Principles  of  Psychology,  vol.  i.;  also  in  many  papery, 
by  HuGHLiNGS  Jackson,  whose  influence  in  advancing  the  pathology  of  the  nei-vous- 
system  has  been  very  great.  A  systematic  study  of  the  physiology  of  the  nervous- 
system  in  Ferriee's  excellent  work,  The  functions  of  the  brain,  2nd  ed.,  1886.  See 
also,  for  Diseases  of  the  nervous  system,  Eoss,  A  treatise  on  dis.  of  nervous  system, 
2nd  ed.,  1883  (which  contains  frequent  references) ;  and  Gowers,  A  manual  of 
diseases  of  the  nervous  system,  1886  and  1888. 

A. — The  Peripheral  Nerves. 

Anatomical  introduction. — A  nerve  stem,  whether  met  with  embedded  in  the  tissues- 
of  an  organ  or  lying  free,  is  composed  of  one  or  more  bundles  of  nerve  fibres  united 
together  by  connective  tissue.  The  accompanying  figure  (Fig.  200)  shows  the 
general  arrangement  of  this  connective  tissue  in  a  stem  composed  of  a  single  bundle 
of  nerve  fibres.  There  is  an  external  layer  of  connective  tissue,  the  perineurium  {a),. 
l)inding  the  whole  bundle  together.  But  inside  the  bundle  there  is  connective  tissue 
binding  the  individual  nerve  fibres  together  and  forming  the  endoneui'ium  (/;),  the 
nuclei  of  which  are  prominently  seen  in  the  figure.  In  a  nerve  stem  made  up  of 
several  bundles  these  also  are  boimd  together  by  connective  tissue,  the  epineurium 
or  neurilemma. 
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The  nerve  fibres  of  such  peripheral  nerves  are  for  the  most  part  meduUated,  and 

when  examined  in  the  fresh 
state  they  present  an  opaque 
appearance  and  a  double  out- 
line as  in  Fig.  201  A.  When 
examined  in  the  fresh  state 
it  is  only  this  appearance 
that  is  visible,  but  by  proper 
methods  of  preparation  the 
constituent  stnictures  of  the 
fibre  can  be  shown  as  indi- 
cated in  Fig.  201  B  and  0, 
and  in  Fig.  200.  These  are, 
the  axis  cylinder  (3,  Fig.  201), 
the  medullary  sheath  or  white 
substance  of  Schwann  (2), 
and  the  primitive  sheath  (1). 
The  axis  cylinder  is  the  con- 
ducting part  of  the  fibre,  and 
runs  continuously  from  end 
to  end.  The  medullary  sheath 
is  composed  of  a  fatty  sub- 
stance (myeline)  and  is  prone 
to  undergo  a  kind  of  coagu- 
lation which  gives  rise  to  the 
double  contour.  This  substance  is  semi-fluid,  and  when  the  nei-ve  fibre  is  broken 
up,  either  during  life  or  after  death,  it  is  apt  to  flow  out,  and  so  we  may  have  fi-ee 

A.  R 


Fig.  -201. — MeduUated  norve  fibres.  A,  the  uutural  appoamuce  ; 
H  and  C,  diagrams  showing  the  constituent  structures  as  in  text. 

(QllAIN.) 


Fig.  200.— Transverse  section  of  a  nerve  consisting  of  a  single 
bundle  ;  from  a  specimen  stained  and  mounted  by  Clarke's 
method,  a,  perineurium ;  b,  endoneurium.  Inside  the  peri- 
neurium is  the  lymphatic  space  between  it  and  the  nerve 
bundle.  The  nerve-fibres  are  represented  by  rings  with  a 
central  dot — the  axis  cylinder,    x  120.  (Klein.) 
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cli-ops  of  myeline  which  have  a  strongly  refracting  outline  (4,  Fig.  201 ).  The  primitive 
sheath  is  a  transparent  membranous  tube  which  covers  the  fibre  and  keeps  the  medul- 
lary sheath  together.  When  transverse  sections  of  a  nerve  which  has  been  hardened 
and  stained  are  examined  these  various  constituents  appear  as  in  Fig.  200.  The 
axis  cylinder  is  a  coloured  point  in  the  middle  of  each  fibre.  The  medullary  sheath 
around  this  is  transparent  and  colourless.  The  primitive  sheath  forms  a  coloured 
ring  around  the  fibre. 

If  a  medullated  nerve  fibre  be  examined  after  preparation  with  osmic  acid,  it  will 
be  seen  that,  as  Eanvier  has  shown,  the  medullary  sheath  is  not  continuous,  but  is 
interrupted  at  intervals,  the  axis  cylmder  and  primitive  sheath  being  alone  present. 
These  nocUs  divide  the  nerve  fibre  into  sections  therefore,  and  each  section  receives 
a  further  individuality  from  the  fact  that  about  its  middle  an  oval  nucleus  is  present 
inside  the  primitive  sheath,  between  it  and  the  medullary  sheath. 

Non-medullated  or  pale  nerves  have  no  medullary  sheath,  and  consist  essentially 
of  axis  cylinders  each  covered  with  a  primitive  sheath  in  which  nuclei  occur  at 
intei-vals.  As  the  white  appearance  of  ordmary  nerves  depends  on  the  medullary 
sheath,  non-medullated  nerves  are  grey  in  colour.  Most  nerves  at  their  peripheral 
terminations  lose  the  medullary  sheath  and  become  pale,  but  some  are  so  through- 
out, chiefly  the  olfactory  nerve  and  the  sympathetic. 

1.  Injury  and  division  of  nerve  stems.— When  a  nerve  is  divided 
there  occurs  motor  and  sensory  paralysis  in  the  perijDheral  parts  depen- 
dent on  it.  But  it  frequently  happens  that  conduction  is  after  a 
time  restored,  the  divided  ends  having  re-united,  and  this  sometimes 
so  rapidly  that  immediate  union  has  been  supposed  to  occur.  Most 
frequentl}^,  however,  the  restoration  of  function  is  tardy,  and  processes 
occur  in  the  nerves  which  have  been  carefully  studied  by  experimenta- 
tion on  animals.  The  changes  which  ensue  on  the  division  of  a  nerve 
occur  mainly  in  the  peripheral  portion  of  it,  and  they  consist  in  the 
first  place  in  a  Degeneration  by  which  the  structure  is  largely 
destroyed,  and  in  the  second  place  in  a  Reg-eneration  by  which  it  is 
restored. 

The  Causation  of  this  peculiar  degenerative  process  is  connected  with 
the  nutritive  arrangements  of  the  nerves.  The  nutrition  of  nerve  fibres 
in  general  is  under  the  command  of  certain  ganglionic  trophic  centres, 
and  when  the  fibres  are  cut  off  from  these  centres  they  sufl'er  in  their 
nutrition.  For  the  sensory  or  afferent  fibres  the  trophic  centres  are  in 
the  ganglia  of  the  posterior  or  sensory  roots.  For  the  motor  or  eft'erent 
nerves  the  centres  are  in  the  anterior  cornua  of  the  spinal  cord.  Most 
nerve  stems  consist  of  both  aflPerent  and  efferent  fibres,  but  the  division 
of  the  stem  will  cut  the  fibres  off  from  their  trophic  centres,  whether 
they  be  afferent  or  efferent.  It  is  interesting  to  observe  that  when  the 
posterior  nerve  root  is  divided  on  the  proximal  side  of  the  ganglion,  its 
fibres  degenerate  in  the  central  direction,  or  towards  the  spinal  cord. 

The  changes  about  to  be  described  have  been  studied  chiefly  by  ex- 
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perimentatioii  on  animals,  but  similar  conditions  have  been  observed  in 
man  after  division  of  nerves.  In  several  diseases  of  nerves  also,  such  as 
inflammation,  leprosy,  syphilis,  there  may  be  interruptions  of  the  nerve 
fibres  leading  to  lesions  similar  to  those  occurring  in  consequence  of 
division,  but  perhaps  mixed  up  with-  other  phenomena. 

The  Degenerative  process  occurs  in  the  whole  peripheral  distribution 
of  the  divided  nerve,  and  almost  simultaneously.  The  most  obvious 
change  is  in  the  medullary  sheath.  It  coagulates,  breaks  up  into  drops, 
and  through  time  disappears  by  absorption.  This  disintegration  of  the 
medullary  sheath  occurs  gradually,  and  the  granular  fat  into  which  it 
breaks  up  is  partly  taken  up  by  the  nuclei  of  the  nerve  fibre,  but  partly 
also  finds  its  way  out  of  the  primitive  sheath  and  is  found  in  the  sur- 
rounding connective  tissue  and  the  walls  of  the  capillaries.  There  is 
some  diiference  of  opinion  as  to  the  part  taken  by  the  axis  cylinder  in 
the  process.  Erb  asserts  that  it  persists  after  the  medullary  sheath  has 
been  destroyed,  but  Eanvier  states  that  it  is  broken  up,  its  interruption 
corresponding  with  the  abolition  of  electric  conductivity  in  the  nerve. 
Whether  the  axis  cylinder  is  destroyed  or  not,  the  nerve  fibre  under- 
goes a  great  transformation  by  the  loss  of  its  medullary  sheath,  and  it 
becomes  converted  into  a  pale  fibre,  interrupted  at  intervals  by  the 
nuclei  or  by  some  persisting  clumps  of  myeline. 

It  is  asserted  ,by  Eanvier  that  the  nuclei,  which  we  have  seen  to  exist  inside  the 
primitive  sheath  between  every  two  nodes,  take  an  active  part  in  this  process.  They 
enlarge  and  divide,  and,  by  impinging  on  the  medullary  sheath,  help  to  break  it  up. 
It  is  by  them  also,  according  to  this  author,  that  the  axis  cylinder  is  interrupted. 
The  enlargement  and  division  of  the  nuclei  is  somewhat  similar  to  that  which  occurs 
in  muscle  in  certain  lesions  of  the  spinal  cord  to  be  considered  afterwards,  and  it  is 
regarded  as  inflammatory  in  its  nature. 

At  the  place  of  division  of  the  nerve,  as  there  is  a  Avound,  there  are 
signs  of  inflammation.  Leucocytes  collect  between  and  ai'ound  the  cut 
ends  of  the  nerve,  and  even  penetrate  into  the  primitive  sheath  for  some 
distance.  These  leucocytes,  which  are  most  abundant  soon  after  the 
section,  attack  the  medullary  sheath,  and  assist  in  breaking  it  up ;  the 
myeline  is  taken  up  by  the  leucocytes  so  as  to  give  them  the  appearance 
of  compound  granular  corpuscles.  In  the  central  end  of  the  divided 
nerve,  however,  the  destruction  of  the  medullary  sheath  is  limited,  as  the 
invasion  of  leucocytes  generally  stops  short  at  the  first  node. 

After  a  time  the  inflammation  subsides  largely,  and  the  wound,  in- 
cluding skin  and  soft  parts,  is  united  by  a  cicatrix  formed  in  the  usual 
way.  The  divided  ends  of  the  nerves  are  united  by  a  pale  cicatricial 
l)and,  which  does  not  as  yet  contain  any  proper  nervous  elements,  and 
does  not  effect  a  restoration  of  the  conductivity. 
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Conduction  is  restored  by  a  process  of  Reg-eneration.  According  to 
the  researches  of  Kanvier,  this  occurs  entirely  hy  the  axis  cylinders  of 
the  central  end  budding  out  and  extending  first  into  the  cicatrix  and 
then  into  the  peripheral  end.  The  axis  cylinder  enlarges  at  its  extremity 
and  becomes  divided  longitudinally  into  several  fine  fibres,  which  grow 
out  into  the  cicatrix.  Arrived  at  the  cut  end  of  the  peripheral  portion 
they  penetrate  into  it  and  very  frequently  pass  into  a  primitive  sheath. 
In  this  way  a  number  of  new-formed  axis  cylinders  may  be  found  inside 
an  old  nerve-tube,  and  there  may  be  alongside  of  them  some  pieces  of 
persisting  myeline.  These  new  axis  cylinders  after  a  time  acquire 
medullary  sheaths,  and  the  regeneration  of  the  nerve  is  completed. 
According  to  Eemak  and  others,  the  new  fibres  are  not  formed  entirely 
by  budding  from  the  central  end,  but  arise  also  from  the  remaining 
.axis  cylinders  of  the  peripheral  end. 

Along  witli  the  nerves,  the  Muscles  suffer,  their  nutrition  being  under  the  same 
trophic  centres  as  the  motor  nerve  fibres.  The  muscular  cylinders  diminish  in 
diameter,  the  transverse  striation  becomes  less  distinct  and  the  fibres  become  granu- 
lar. If  regeneration  does  not  occur  the  muscular  fibres  lose  their  transverse  striai 
•entirely,  become  greatly  narrower,  and  may  even  present  hyaline  degeneration  (see 
under  Coagulation-Necrosis,  p.  149). .  The  atrophy  of  the  muscular  fibres  is  often 
Accompanied  by  an  interstitial  inflammation  resulting  in  a  ne-wformation  of  connec- 
tive tissue  between  the  muscular  fibres,- a  kind  of  cirrhosis,  leading,  in  cases  where 
the  conduction  of  the  nerve  is  not  restored,  to  considerable  shortening  of  the  muscle 
and  deformity.  If  regeneration  of  the  nerve  occurs  then  the  muscle  is  restored,  but 
there  is  frequently  some  prolonged  or  permanent  damage.  The  muscular  fibres  re- 
main partly  of  smaller  diameter  and  there  may  be  some  permanent  interstitial  over- 
.growth  of  connective  tissue. 

There  are  also  Trophic  changes  frequently  manifested  in  the  skin  and  other  struc- 
tures, such  as  will  fall  to  be  described  later  on  as  Trophoneuroses.  They  consist  of 
Atrophy  of  the  skin,  oedema,  and  occasionally  the  peculiar  condition  described  as 

glossy  skin."    There  may  also  be  swellings  of  the  joints. 

2.  Hyperasmia  and  acute  inflammation  of  nerves. — These  conditions 
4ire  exceedingly  common  as  secondary  processes  in  the  neighbourhood  of 
wounds  and  inflammations,  but  are  rarely  primary.  Under  such  cir- 
cumstances the  vessels  of  the  nerve  may  be  highly  engorged  with  blood 
and  there  may  even  be  capillary  hiemorrhages.  Leucocytes  may  be 
exuded,  and  may  be  found  in  the  connective  tissue  between  the  nerve 
fibres.  It  is  very  rare,  however,  to  find  a  proper  suppurative  inflamma- 
tion of  a  nerve.  A  stem  may  be  bathed  in  pus  and  almost  isolated  by 
the  suppuration  around,  and  yet  there  may  be  almost  no  pus  in  the 
connective  tissue  of  the  nerve  itself  This  seems  to  indicate  that  the 
perineurium  forms  a  barrier  between  the  lymph  spaces  of  the  nerve  and 
those  of  surrounding  parts.  If  a  nerve  be  exposed  and  isolated,  and  the 
wound  filled  with  water  in  which  vermilion  is  suspended,  the  leucocytes 
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which  accumulate  take  up  the  vermilion  and  carry  it  in  various  direc- 
tions, but  not  into  the  nerve,  showing  that  there  is  no  open  path  into  it. 
But  if  a  nerve  in  a  suppurating  wound  be  itself  wounded  so  as  to  lay 
open  its  internal  structure,  the  suppuration  will  readily  extend  into  it. 

Chronic  neuritis  is,  like  acute,  for  the  most  jDart  secondary.  It  may 
remain  aftew  an  acute  attack,  or  it  may  take  origin  in  a  prolonged  in- 
flammation of  some  2Deripheral  organ.  It  may  have  its  starting  point  in 
an  inflammation  of  a  joint,  in  dysenteric  inflammation  of  the  intestine, 
in  inflammation  around  the  kidney,  and  so  on. 

Inflammation  of  the  pelvic  organs,  the  bladder,  uterus,  etc.,  perhaps 
most  frequently  gives  rise  to  neuritis  by  extension  to  the  nerves.  It  is 
very  important  to  observe  that  inflammations  originating  thus  may  ex- 
tend up  the  nerves,  and  we  may  have  an  Ascending  neuritis  which  ma}* 
even  extend  to  the  spinal  cord  and  its  membranes.  It  is  to  be  presumed 
that  the  irritant  gradually  finds  its  way  along  the  lymph  spaces  of  the 
nerve,  which  we  have  seen  to  be  somewhat  independent  of  those  around. 
Many  cases  which  have  been  regarded  as  reflex  paralysis  have  been  due, 
according  to  Leyden,  to  this  extension  of  chronic  inflammation  to  the 
cord.  There  may  also  be  an  extension  downwards  to  the  muscles  and 
a  consequent  Interstitial  myositis. 

The  inflammation  manifests  itself  as  an  interstitial  inflammation 
affecting  the  connective  tissue  of  the  nerve ;  the  perineurium  and  endo- 
neurium  present  an  excess  of  round  cells  and  become  graduallj'  thickened. 
As  a  consequence  of  this  the  nerve  fibres  atrophy,  the  medullary  sheath 
being  first  destroyed.  The  nerve  as  a  whole  may  be  thickened  and 
indurated,  while  there  is  actually  an  atrophy  of  the  proper  conducting 
fibres.  These  will  be  recognized  as  the  general  charactei'istics  of  chronic 
interstitial  inflammations. 

Multiple  or  Peripheral  neuritis  is  a  name  given  to  a  group  of  cases 
whose  pathology  has  only  recently  been  elucidated.  The  disease  con- 
sists in  a  more  or  less  acute  inflammation  of  a  number  of  nerve  stems  in 
the  limbs.  In  some  cases  it  seems  to  be  due  to  a  definite  morbid 
poison.  Thus  it  sometimes  ensues  on  diphtheria  or  leprosy,  and  it 
occurs  as  an  endemic  disease  in  Japan  where  it  is  knoAATi  as  Kak-ke,  and 
in  India,  where  it  is  called  Beri-beri.  Multiple  inflammations  of  the 
nerves  form  part  at  least  of  the  phenomena  of  these  diseases.  The  com- 
monest cause,  in  this  country  at  all  events,  is  alcoholism,  and  here  the 
term  Alcoholic  neuritis  is  almost  equivalent  to  multiple  neuritis. 
There  are  also  changes  in  the  nerves  in  locomotor  ataxia  which  partake 
somewhat  of  the  characters  of  multiple  neuritis. 

The  inflammation  is  acute  or  subacute  and  accompanied  at  first  b}- 
exudation  of  leucocytes  in  the  connective  tissue,  as  well  as  by  changes 
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in  the  proper  nerve  fibres.  These  changes  may  be  variously  interpreted 
as  evidences  of  parenchymatous  neuritis,  or  as  secondary  degenerations. 
The  changes  in  the  nerve  fibres  are  very  similar  to  those  which  follow 
the  division  of  a  nerve,  the  medullary  sheath  breaking  up  into  granules 
and  becoming  absorbed.  The  interruption  of  the  nerve  fibres  by  the 
inflammation  doubtless  plays  an  important  part  in  this  result,  though 
perhaps  a  direct  affection  of  the  nerve  fibres  may  be  present  in  some 
cases.  As  the  case  becomes  chronic  there  is  an  intei^stitial  induration 
such  as  that  noted  in  chronic  neuritis. 

In  most  cases  it  is  only  the  nerves  of  the  limbs  which  are  affected, 
and  it  is  interesting  to  note  that  however  severe  the  aflfection  the 
anterior  roots  escape. 

The  muscles  present  changes  similar  to  those  which  occur  in  conse- 
quence of  division  of  nerves,  and  there  may  be  great  wasting  in  conse- 
quence. There  are  also,  occasionallj'-,  trophic  changes  in  the  skin  similar 
to  those  already  referred  to. 

3.  Infective  newformations  and  tumours. — Syphilitic  gummata  are 
very  infrequent  in  the  peripheral  nerves,  but  they  do  occur,  especially  on 
the  cranial  nerves  inside  the  skull,  where  they  are  probably  propagated 
from  the  membranes  of  the  brain.  Leprosy,  as  we  have  already  seen, 
sometimes  manifests  itself  in  the  form  of  tumours  of  granulation  tissue 
in  the  nerves. 

Sarcoma  is  very  rare  in  nerves.  Cancers  do  not  occur  as  primarj- 
tumours,  but  nerves  are  often  involved  in  the  extension  of  such  tumours. 
It  often  happens  that  a  cancer  or  sarcoma  grows  around  a  nerve,  which 
passes  through  its  midst  without  becoming  the  seat  of  the  tumour  tissue. 


Fig.  202. — Transverse  section  of  a  neuroma,,  showing  meduUated  jiorvo 
fibres.    X  80. 


This  is  again  to  be  associated  with  the  apparent  independence  of  the 
lymph  spaces  in  nerves.    Sometimes,  however,  a  cancer  breaks  into  a 
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nerve  and  grows  in  the  lymph  spaces  between  the  perineurium  and  the 
bundle  of  fibres.    In  such  cases  the  nerve  fibres  undergo  degeneration. 

The  term  Neuroma  is  applied  to  almost  all  forms  of  tumours  in  the 
course  of  nerves,  and  as  the  majority  of  these  do  not  consist  of  nervous 
tissue,  they  are  to  be  regarded  as  false  neuromata.  In  the  true  neuroma 
there  is  newformation  of  nerve  fibres  which  form  a  considerable  portion 
of  the  tissue  (see^Fig.  202).  The  false  neuromata  are  mostly  fibrous 
tumours  of  nerves,  and  there  are  two  forms  which  deserve  special 
mention. 

Plexiform  neuroma  consists  of  a  series  of  thickened  cords  composed  of 
connective  tissue  in  the  midst  of  which  the  nerve  fibres  are  contained. 
The  connective  tissue  may,  to  a  considerable  extent,  take  the  characters 
of  mucous  tissue. 

Multiple  neuromata  are  really  fibrous-tissue  tumours,  and  as  such 
are  described  at  p.  228.  The  painful  subcutaneous  tumour  is  also  a 
fibrous  neuroma  (see  p.  241). 

Literature. — EANvrEB,  Lepons  sur  I'histologie  du  syt^me  nerveux,  1878;  Cobnil 
et  Eakviee,  Histol.  path.,  2nd  ed.,  1881,  i.  661 ;  Wolberg,  Deutsch.  Zeitschr.  f.  Chir,, 
xviii.  and  xix.,  1883  (with  literature) ;  Pitkes  et  Vaillaed,  Arch.  d.  phys.,  v.,  1885. 
Multiple  neuritis — see  full  account  by  Buzzaed,  Harveian  Lectures,  in  Lancet, 
1885,  vol.  ii.,  also  separate  publication ;  Dbtjmmond,  Peripheral  paralysis,  1888 ; 
FiNiAY,  Trans.  Med.  Chir.  Soc,  1887.  Tumours — see  literature  under  Neuroma, 
p.  242. 

B. — The  Spinal  Cord  and  Medulla  Oblongata. 

Anatomical  Introduction. — The  cord  is  made  up  of  grey  substance,  forming  the 
ganglionic  centres  and  consisting  of  ganglion  cells  in  the  midst  of  a  fine  network,  and 
of  white  substance  consisting  of  medullated  nerve  fibres  having  essentially  the  struc- 
ture of  those  in  the  peripheral  nerves. 

The  grey  substance  of  the  cord  is  arranged  in  the  well-known  form  of  an  anterior 
and  a  posterior  cornu  on  either  side.  The  ganglionic  centres  have  their  seat  chiefly 
in  the  anterior  cornua,  and  form  tolerably  definite  groups  whose  arrangement  may 
be  followed  by  reference  to  Fig.  203,  which  shows  sections  of  the  lumbar  and  cervi- 
cal enlargements.  There  are  the  lateral  groups  divided  into  antero-lateral  and 
postero-lateral  groups  {al  and  pi),  the  anterior  group  (a),  and  the  internal  group  (i). 
Towards  the  centre  of  the  horn  is  the  central  group  (c).  The  median  group  (wi) 
is  much  larger  in  the  cervical  than  in  other  parts  of  the  cord,  and  so  causes  the 
horn  to  be  extended  laterally  (see  Fig.  203).  Lastly,  there  is  a  group  of  cells, 
generally  called  Clarke's  vesicular  column,  situated  near  the  internal  border  of 
the  posterior  horns  close  to  the  posterior  commissure.  The  group  is  present  only  in 
the  lower  part  of  the  cervical  enlargement,  in  the  dorsal  region  and  in  the  upper 
part  of  the  lumbar  enlargement  (see  rc  Fig.  204). 

The  white  substance,  consisting  of  nerve  fibres,  forms  connections  in  the  first  place 
with  the  various  orders  of  centres  in  the  cord  itself  and  in  the  second  place  \vith  the 
higher  centres  above  the  cord,  in  the  brain.    We  may  thus  distinguish  two  sets  of 
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nerve  fibres,  one  forming  connections  within  the  cord  and  medulla  and  the  other 
forming  communications  between  the  cord  and  the  cerebellum  and  cerebrum. 
These  two  sets  of  fibres  will  be  divisible  again  into  afferent  and  efferent. 


Fig.  203.— Sections  of  spinal  cord  from  middle  of  lumbar  and  cervical  enlargements 
showing  groups  of  gangUon  cells  ;  a  I  and  p  I,  autero-lateral  and  postero-lateral,  a  an- 
terior, I,  internal,  c,  central,  m,  median,  gi-oups.  (Ross.) 

It  is  a  fact  of  very  pecuUar  interest,  that  the  two  sets  of  fibres  distinguished  above 
seem  to  be  developed  not  only  separately  but 
at  different  periods,  and  so  the  aid  of  em- 
bryology has  been  "sought  to  enable  us  to 
distinguish  between  them.    The  fibres  whicn 
iconnect  the  different  parts  of  the  cord  and 
edulla  with  each  other  may  be  regarded  as 
e  Primary  or  Fundamental  fibres,  and  it  is 
ound  that  they  are  the  first  formed,  while 
hose  forming  higher  connections  are  of  sub- 
equent  development,  and  may  be  named 
econdary  or  Accessory  fibres.    As  nerve  fibres 
re  first  developed  without  the  medullary 
sheath,  and  recently  formed  tracts  are  there- 
fore much  paler  than   those  which  have 
acquired  it,  we  have  in  this  a  means  of  dis- 
tinguishing   the    fundamental    from  the 
secondary.      What  follows  will  be  under- 
stood by  reference  to  Fig.  205,  which  repre- 
sents a  transverse  section  of  the  cervical   

cord  in  the  foetus  of  nine  months.  t  Iif;^°^'~^°°V°"  °f  dorsal  region  of  cord. 

_  ''^     previous  figure,  with  tlie 

ine  tirst  developed  fibres  immediately  sur-  ■''"<i"ion  that  the  antoro-latoral  and  poster*- 

round  the  grey  matter,  and  are  called  the  lattal  a?ea"!;ro,'andS2e^'coYu."u™S^ 
Anterior  and  Posterior  root-zones,  also  the  ^'^o"'"-  ("oss.) 

columns  of  Burdach.    As  they  form  communications  between  one  part  of  the  grey 
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matter  and  another,  the  fibres  are  comparatively  short  and  their  number  is  generally 
•in  proportion  to  the  amount  of  grey  matter,  or  at  least  of  ganglion  cells  in  the  horns. 
These  fibres  therefore  do  not  diminish  from  above  downwards  as  do  the  others. 


Fig.  205. — Cervjcal  enlai'gement  of  cord  in  a  fcetus  of  nine  months. 
A  and  P,  anterior  and  posterior  cornua  ;  G,  columns  of  Goll ;  T, 
columns  of  TUrck  ;  ar  and  pr,  anterior  and  jjosterior  root-zones;  pt, 
pyramidal  tract ;  dc,  direct  cerebellar  tract.  (Ross.) 


Of  the  fibres  forming  communications  between  the  brain  and  cord,  the  best 
known  are  those  which  convey  the  motor  impulses  from  the  brain  to  the  cord. 
These  form  the  Pyramidal  tract.  We  shall  afterwards  trace  them  from  the  cortex 
of  the  brain  downwards,  but  at  present  we  take  them  up  at  the  medulla  oblongata. 
Here  they  form  the  anterior  pyramids  and  most  of  the  fibres  decussate  so  that  in  the 
cord  they  occupy  the  opposite  side  to  that  which  they  have  in  the  brain.  Some  of 
them,  however,  do  not  decussate,  but  remain  in  the  anterior  parts  of  the  cord, 
forming  a  small  band  on  either  side  of  the  anterior  longitudinal  fissure,  the  Columu 
of  TSrck  {T  in  figure).  The  great  mass  of  the  fibres,  having  decussated,  pass  to 
the  lateral  column  of  the  cord,  where  they  occupy  a  definite  position  in  its  posterior 
parts  {pt  in  figure).  The  fibres  in  both  these  positions  diminish  in  number  from 
above  downwards,  as  they  pass  into  the  grey  substance  of  the  cord  at  successive 
levels  in  order  to  connect  with  the  centres  in  the  anterior  cornua. 
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The  secondary  centripetal  fibres,  or  those  which  form  sensory  connections  between 
the  cord  and  brain,  are  represented  by  a 
tract  in  the  posterior  columns  lying  next  the 
posterior  longitudinal  fissure,  and  occupying 
a  position  somewhat  similar  to  that  of  the 
columns  of  Tiirck  anteriorly.  These  are 
called  the  Columns  of  Goll  ((?  in  figure)  and 
they  also  diminish  from  above  downwards. 

Besides  this  there  is  a  tract  which  forms 
communications  between  the  cerebellum 
and  the  cord,  but  which  is  not  of  late 
development.  This  is  the  so-called  Direct 
cerebellar  tract  (dc  in  figure),  which  lies  in 
the  lateral  column  outside  the  pyramidal 
tract,  and  as  if  flattened  against  the  sur- 
face. The  function  of  this  tract  is  not 
known,  but  it  is  composed  of  centripetal 
fibres  and  diminishes  from  above  down- 
wards even  more  quickly  than  the  pyra- 
midal tract,  so  that  by  its  disappearance 
the  latter  may  come  to  the  surface. 

According  to  Gowers  there  is  a  centripe- 
tal tract  anterior  to  the  direct  cerebellar 
and  pyramidal  tracts,  and  lying  for  the 
most  part  close  to  the  surface  of  the  cord, 
where  it  extends  almost  to  the  anterior 
median  fissure.  This  is  called  the  Antero- 
lateral ascending  tract.  It  is  sometimes 
compared  with  the  cerebellar  tract. 

In  the  Medulla  oblongata  the  grey  and 
white  substances  of  the  cord  may  be  traced 
upwards,  but  they  undergo  considerable  dis- 
location. From  the  examination  of  Fig. 
■206  it  will  be  seen  that,  as  the  central  canal 
passes  backwards  and  finally  opens  out  in 
the  fourth  ventricle,  the  grey  matter  depart- 
ing from  its  arrangement  into  cornua  but 
still  aggregated  in  the  neighbourhood  of  the 
central  canal  and  ventricle,"  forms  various 
masses  in  the  posterior  part  of  the  medulla. 

These  masses  have  special  importance 
as  being  the,  nuclei  of  origin  of  certain 
nerves,  and  will  be  afterwards  more  par- 
ticularly referred  to,  in   connection  with 


r 

Fisf.  206. — Medulla  oblongata  at  various 
levels,  A,  at  decussation  of  pyramids  (p),  the 
general  shape  of  the  cornua  still  retained. 
Jl,  higher  up,  the  grey  matter  passing  back- 
wards, and  pyramids  becoming  more  isolated. 
C,  in  fourth  ventricle,  the  nuclei  in  the  floor 
of  which  are  shown.  (Quain.) 


bulbar  paralysis.  The  white  substance  gradually  oomes  to  occupy  the  middle  and 
anterior  parts  of  the  medulla,  and  the  olivary  body  is  intercalated  in  its  midst. 
The  pyramidal  tract  is  easily  recognized  here,  forming  the  anterior  pyramids  (p), 
which  decussate  at  the  lower  part  of  the  medulla  (A).  The  motor  fibres  having 
assumed  a  position  in  front  remain  anterior  to  the  sensory  in  the  rest  of  their  course 
upwards  in  the  brain. 
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Literature. — For  a  very  full  exposition  of  the  structure  and  development  of  the 
cord  see  Eoss's  Nervous  system,  vol.  i.  An  important  contribution  is  Flechsig, 
Die  Leitungsbahnen  im  Gehirn  und  Eiickenmark  des  Menschen,  1876.  For  diseases 
of  spinal  cord,  Boss  and  Goweks  are  very  complete,  also  Eub's  very  excellent  work 
in  Ziemssen's  Encyclopffidia,  Chaecot,  Lectures  on  dis.  of  nervous  syst.,  Syd.  soc. 
transl.,  2nd  series,  1877  and  1881.  Bbajrvell,  Dis.  of  spinal  cord,  1882  ;  Hajimokd, 
A  treatise  on  dis.  of  nervous  system,  6th  ed.,  1876 ;  Leyden,  Klinik  der  Eucken- 
markskrankheiten,  1875. 

I.— SECONDAEY  DEGENEEATIONS  IN  THE  COED. 

Grey  degeneration.  Sclerosis. — We  have  already  seen  that  when  a 
nerve  stem  in  an  animal  or  in  man  is  divided,  the  peripheral  portion 
of  the  nerve  degenerates.  The  most  prominent  changes  are  in  the 
medullary  sheath  which  coagulates,  then  breaks  up,  and  is  finally 
absorbed.  The  degeneration  occurs  from  the  point  of  section  towards 
the  periphery,  and  we  have  seen  that  the  explanation  of  this  seems  to 
be  that  the  nerve  fibres  are  cut  oS  from  their  trophic  centres  in  the 
cord. 

In  the  central  nervous  system  a  somewhat  similar  secondary  degener- 
ation occurs  when  the  fibres  are  interrupted,  either  by  di-vasion,  as  in 
experiments  on  animals,  or  by  coarse  lesions  in  man.  The  degeneration 
is  of  the  same  character  as  in  peripheral  nerves,  and  results  in  the  de- 
struction of  the  medullary  sheath.  It  is  known  that  the  opaque  dead 
white  colour  of  the  white  or  fibrous  nerve  substance  is  due  to  the 
medullary  sheath,  which  is  a  highly  refracting  fatty  substance.  If  this 
medullary  sheath  be  lost,  then  the  white  nerve  substance  becomes  grey, 
and  so  we  speak  of  Grey  degeneration  in  all  cases  where  the  medullary 
sheath  is  lost,  whether  from  the  cause  we  are  considering  or  not.  A 
tract  of  white  nervous  tissue  affected  with  this  degeneration  will  be  like 
a  tract  of  grey  substance. 

In  preparing  the  tissue  of  the  nervous  system  for  microscopic  examination,  some 
form  of  the  method  introduced  by  Lockhart  Clarke  is  generally  used.  In  this  method 
staining  by  carmine  or  other  dye  is  employed,  and  as  the  medullary  sheath  does  not 
take  on  the  staining  at  all,  and  as  it  is  the  most  bulky  constituent  of  the  white  sub- 
stance, the  normal  white  substance  as  a  whole  is  less  deeply  stained  than  the  grey 
substance.  When  secondary  degeneration  has  occurred,  the  effect  of  staining  is  to 
make  the  altered  white  substance  appear  like  the  grey  substance.  In  figures  repre- 
senting grey  degeneration  therefore  the  affected  parts  will  be  shaded  like  the  grey 
substance. 

When  a  degenerated  area  is  examined  more  particularlj^  under  the 
microscope  the  most  marked  change  is  the  great  reduction  in  the 
number  of  nerve  fibres,  as  shown  in  Fig.  207.  The  connective  sub- 
stance is  greatly  increased,  and  the  nerve  fibres  appear  only  at  intervals, 
a  few  surviving  in  the  midst  of  the  general  destruction.    There  is  some- 
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times  also  considerable  shrinking  of  the  degenerated  area,  but  this 
is  much  more  manifest  in  the  medulla  oblongata  and  parts  above  it  than 
in  the  cord. 

In  addition  to  simple  degeneration  there  is  sometimes  a  newforma- 
tion  of  connective  tissue,  which  some  regard  as  inflammatory  in  char- 
actor.     The  inflammatory  character  is  little  marked  in  secondary 


Fig.  207. — Sclerosis  or  grey  degeneration  of  cord.  To  the  right  is 
normal  white  substance.  To  the  left  the  degenerated  tissue  shows 
a  granular  basis-substance  in  which  a  few  nerve  fibres  are  still 
visible.    From  a  case  of  descending  degeneration,    x  SO. 


degeneration,  but  there  are  some  forms  of  grey  degeneration  in  "which 
the  inflammatory  neivformation  is  perhaps  the  primary  factor,  and  the 
degeneration  of  the  nerve  fibres  the  result  of  it.  Whether  there  be 
new-formed  connective  tissue  or  not,  and  whether  the  process  be 
inflammatory  or  not,  the  absence  of  the  soft  medullary  sheath  causes 
a  hardening  of  the  tissue,  and  so  the  term  Sclerosis  when  applied  to  the 
white  substance  is  nearly  equivalent  to  grey  degeneration. 

It  has  been  said  above  that  the  degeneration  occurs  in  the  fibres 
which  are  cut  off"  from  their  trophic  centres,  and  it  seems  that  in  the 
cord  the  trophic  centres  are  at  the  lower  termination  of  the  centripetal 
fibres  and  the  upper  termination  of  the  centrifugal.  Hence  the  de- 
generation follows  the  direction  in  which  the  nerve  conducts,  passing 
upwards  from  the  seat  of  lesion  in  the  case  of  centripetal  fibres  and 
downwards  in  the  case  of  centrifugal.  So  we  speak  of  ascending  and 
descending  sclerosis. 

The  degeneration  takes  some  time  to  develop.  According  to  ex- 
periments in  dogs  it  begins  fourteen  days  after  the  infliction  of  an 
injury,  but  it  is  many  weeks  before  the  appearances  are  fully 
established. 

Descending  grey  degeneration  (Descending  sclerosis). — As  we  have 
just  seen,  this  lesion  aff"ccts  centrifugal  or  motor  fibres,  including  the 
bres  of  the  anterior  root-zone  and  the  pyramidal  tract.    The  former 
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are  short  fibres,  and  when  they  are  interrupted  there  is  a  descending 

degeneration  extending  only  a  short  distance 
downwards.  But  the  fibres  of  the  pyramidal 
tract  are  continuous  from  the  brain  down- 
wards to  the  extremity  of  the  cord,  and 
wherever  interrupted  they  show  degenera- 
tion in  all  parts  situated  below  the  lesion. 

The  degeneration  of  the  pyramidal  tract 
is  most  frequently  brought  about  by  a  Lesion 
of  the  brain,  and  in  that  case  it  exists  in  the 
parts  of  the  tract  above  as  well  as  in  those 
beloAv  the  medulla  oblongata.  We  have  here 
to  consider  it  in  the  medulla  and  cord.  In 
the  medulla  oblongata  it  occupies  the  anterior 
pyramid  (see  Fig.  208  a),  where  it  frequently 
produces  great  shrinking.  At  the  lower 
part  of  the  medulla  {h)  the  degenerated  fibres 
decussate  and  the  degeneration  takes  up  its 
position  at  first  at  the  side  of  the  central 
canal  (see  figure),  afterwards,  in  the  cord, 
passing  into  the  lateral  columns  in  the  regular 
position  of  the  pyramidal  tract  (c,  d,  e,  f). 
In  some  cases  it  entirely  decussates,  but  the 
column  of  Tiirck  in  the  anterior  white 
column  is  also  afi"ected  in  most  cases.  In 
its  whole  course  the  lesion  diminishes  from 
above  downwards,  but  is  traceable  down  to 
the  lumbar  region. 

The  jDyramidal  tract  may  be  interrupted  in 
any  part  of  its  course,  and  it  may  be  so  in 
the  cord.  If  the  entire  cord  be  divided 
there  is,  immediately  beneath  the  point  of 
section,  a  degeneration  of  the  anterior  root- 
zones  which  is  continued  but  a  short  dis- 
tance. There  is  also  a  degeneration  of  the 
pyramidal  tract  on  both  sides  continued 
downwards  the  whole  length  of  the  cord. 
The  interruption  either  in  the  cox'd  or  brain 
may  be  incomplete,  and  in  that  case  the 
deaienerated  fibres  will  be  fewer  in  number  and  the  area  less  distinctive 
in  appearance. 

Effect  on  function  of  descending  sclerosis. ^ — We  have  already  seen 


Fig.  208. — Descending  degenera- 
tion in  medulla  oblongata  and  cord. 
«,  Medulla  at  fourth  ventricle,  b,  at 
decussation,  c,  d,  c,f,  cord  in  upper 
and  lower  cervical,  dorsal,  and  lum- 
bar regions. 
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that  the  pyramidal  fibres  end  in  the  cord  at  successive  levels,  passing 
into  the  ganglionic  centres.  When  the  fibres  are  degenerated  the 
ganglion  cells  will  not  be  afi"ected,  except  that  they  are  cut  ofi"  from  the 
higher  centres  and  left  more  to  themselves.  They  are  still  connected 
■\yith  the  muscles,  which  retain  their  contractile  power.  Voluntary 
motion  is  lost,  but  certain  involuntary  muscular  phenomena  may  be 
even  exaggerated. 

Late  rigidity,  occurring  in  hemiplegia,  or  in  paraplegia  from  injury 
to  the  cord,  comes  on  a  considerable  time  after  the  onset  of  the  paralysis, 
and  may  be  regarded  as  coinciding  in  time  with  the  full  development  of 
the  sclerosis.    There  is  here  a  more  or  less  permanent  contraction  of 
some  muscles  with  absence  of  contraction  in  others,  producing  some- 
times fixation  of  the  members  of  the  body  in  special  positions  so  as  to 
have  the  appearance  of  deformity.    This  fixed  condition,  due  to  the 
muscular  spasm,  is  often  called  Contracture.    It  implies  a  continuous 
impulse  to  the  contracted  muscles  originating  in  the  cord  or  elsewhere. 
Charcot  suggests  that  the  inflammatory  process  which  he  supposes  to  be 
involved  in  the  sclerosis  may  irritate  the  fibres  passing  to  the  anterior 
cornua  and  so  result  in  the  stimulation  of  the  muscular  centres  there. 
But  this  view  can  hardly  be  accepted ;  there  may  be  almost  no  signs  of 
inflammation  in  the  aff"ected  part  and  yet  marked  rigidity.    Besides,  it 
is  difiicult  to  understand  how  irritation  of  degenerated  and  virtually  lost 
fibres  shoiild  cause  stimulation  of  the  ganglion  cells.    A  more  probable 
explanation  is  suggested  by  Hitzig.    Taking  as  an  example  the  case  of 
the  arm  in  hemiplegia,  it  appears  that  the  contraction  occurs  most 
readily  in  those  muscles  which  are  in  a  position  to  contract  most  easily. 
The  hemiplegic  generally  lies  in  bed  with  his  forearm  across  his 
chest,  and  even  when  walking  about  he  sui^ports  it  across  his  chest, 
and  it  is  the  biceps  which  becomes  rigid.    Then  it  has  been  shown  that 
when  the  fiusers  are  released  from  the  action  of  the  muscles  and  left  to 
assume  the  position  to  which  the  bones  and  ligaments  best  accommodate 
themselves,  they  assume  a  semi-flexed  position,  such  as  we  see  in  the  dead 
body.    It  is  obvious  that  the  flexor  muscles  will  most  easily  contract 
under  these  circumstances,  and  it  is  they  which  get  rigid  in  hemiplegics. 
Take  along  with  this  the  fact  which  Volkmann  points  out,  that  muscles 
can  actively  contract  but  cannot  actively  relax,  and  it  is  seen  that  any 
slight  impulse  is  apt  to  be  cumulative  when  there  is  no  action  of  antag- 
onistic muscles.    The  ganglion  cells  of  the  anterior  cornua  are  still  in 
connection  with  the  muscles,  and  although  cut  off  from  the  upper  brain 
are  still  exposed  to  irregular  and,  as  it  were,  accidental  stimulation. 
There  are  reflex  stimuli,  and  there  are  stimuli  from  above  conveyed  in  a 
roundabout  way  through  the  still  open  communications  in  the  cord.  A 
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multitude  of  slight  stimulations  will  reach  the  ganglion  cells  and  feeble 
impulses  will  be  conveyed  to  the  muscles.    Those  which  from  their 
position  are  stretched  will  not  contract,  but  those  which  are  so  placed  as 
to  contract  easily  will  do  so,  at  first  feebly  but  with  cumulative  force. 
This  view  is  supported  by  the  fact  that,  in  the  early  stages  of  late 
rigidity,  there  is  often  considerable  relaxation  of  the  muscles  after  pro- 
longed rest,  as  in  sleep,  so  that  a  limb  which  was  rigid  at  night  is  found 
in  the  morning  soft  and  moveable.    The  ganglion  cells  in  sleep  are  pro- 
tected from  external  stimulation  and  they  cease  acting. 
^  The  exaggerated  Tendon  reflex  may  be  regarded  as  due  to  the  isola- 
tion of  the  muscular  centres  in  the  cord.    When  the  control  of  higher 
centres  is  removed,  lower  centres  usually  act  more  readily.    The  skin 
reflex  is  frequently  decreased,  but  the  muscular  centres  seem  to  be  more 
powerfully  acted  on  by  stimuli  coming  from  the  muscles. 

The  so-called  tendon-reflex  has  been  shown  not  to  depend  on  the  tendon  but  on 
the  muscle,  and  doubt  has  been  thrown  even  on  its  reflex  character  (see  Gowers  vol. 
1.,  p.  13).  It  is  certainly  so  far  reflex  as  that  it  is  abolished  by  anything  which 
interrupts  the  reflex  circle  in  any  of  its  parts. 

It  may  be  added  that  these  two  symptoms  are  prominent  in  the  spastic  paralysis 
of  Erb,  where  there  is,  as  we  shall  see  farther  on,  a  spontaneous  sclerosis  of  the 
lateral  columns. 

Ascending  grey  degeneration  (Ascending  sclerosis). —This  condition 
occurs  as  a  result  of  any  cause  which  interrupts  the  ascending  or  sensory 
fibres  of  the  cord.  It  may  be  the  consequence  of  pressure  by  tumours, 
haemorrhages,  abscesses,  fractured  or  displaced  vertebrte,  inflammatory 
products,  etc.  It  occurs  in  parts  above  the  seat  of  interruption,  and 
the  degenerated  fibres  are  centripetal. 

The  degeneration  afi"ects  the  centripetal  fibres,  and  these  we  have 
already  seen  to  be  of  two  kinds.  There  are  the  short  fibres  com- 
municating between  difi'erent  segments  of  the  cord,  and  forming  the 
posterior  root-zones,  and  there  are  the  longer  fibres  commumcating 
between  the  cord  and  brain,  and  forming  the  columns  of  GoU,  the  direct 
cerebellar,  and  partly  the  antero-lateral  tracts.  Immediately  above  the 
lesion,  all  of  these  are  aff'ected  so  that  the  degeneration  has  considerable 
lateral  extension  involving  the  whole  of  the  posterior  columns  and  the 
direct  cerebellar  tracts.  But  the  lesion  soon  limits  itself  to  the  columns 
of  GoU,  the  direct  cerebellar,  and  partly  the  antero-lateral  tracts  (see 
Fig.  209),  and  in  these  parts  it  can  be  traced  up  to  the  restiform  body 
on  the  one  hand,  and  the  cerebellum  on  the  other.  According  to 
Schiefferdecker,  the  degeneration  in  these  situations  diminishes  from 
below  upwards,  the  diminution  occurring  at  intervals  as  if,  at  definite 
levels,  fibres  passed  into  the  cord. 
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Some  cases  have  been  recorded  in  which  a  tumour  pressing  on  the 
Cauda  equina,  or  a  severe  travmiatic  lesion  of 
the  sciatic  nerves,  had  led  to  ascending  de- 
generation of  the  cord.  In  the  lumbar  and 
lower  dorsal  regions  the  whole  posterior 
white  columns  were  degenerated,  but  on 
passing  upwards  the  degeneration  became 
limited  to  the  columns  of  GoU  and  the 
cerebellar  fibres  as  above.  We  may  infer 
from  this  that  the  fibres  of  the  posterior 
column  are,  to  a  large  extent,  continuous 
with  the  posterior  nerve-roots,  and  that  they 
have  their  trophic  centres  in  the  ganglia  of 
these  roots  outside  the  cord. 

It  will  be  evident  that  a  lesion  which  in- 
terrupts the  cord  will  lead  to  an  ascending 
degeneration  above  its  seat  and  a  descending 


degeneration 


below   it,  as  in 


figure 


198. 


The  degeneration  will  diminish  in  both  cases 
as  we  pass  from  the  lesion,  quickly  at  first, 
but  afterwards  more  gradually. 

Degeneration  in  the  cord  after  amputa- 
tions.— The  removal  of  a  limb  abolishes  the 
function  of  the  nervous  structures  concerned 
in  the  movements  and  other  actions  of  the 
limb,  and  so  these  structures  undergo  atrophy 
from  disuse.  The  posterior  foots  of  the 
nerves  are  often  slightly  atrophied,  but  the 
white  columns  of  the  cord  are  not  afi"ected. 
The  principal  change  is  in  the  anterior 
comua,  where  some  of  the  ganglion  cells 
completely  disappear,  and  others  are  shorn 
of  their  processes   and   atrophied.  This 

occurs  at  a  part  of  the  cord   corresponding     Fig.  209.— Transverse  myeUtis  (e) 
.,,,1  ,,iTT  1  ,1  with  secondary  ascending  and  de- 

With  the  amputated  limb,  and  on  the  same  scending  degeneration.    At  a,  the 
•  1  11  Tr>ji  I   L-       1       ascending  degeneration  affects  the 

Side  01  the  body.  If  the  amputation  has  posterior  root-zones,  the  columns  of 
t  1  i'lit-T^j.!.        Uoll,  and  tho  direct  cerebellar  tracts, 

been  made  comparatively  late  in  lite,  there  ^ut  above  that  it  is  confined  to  the 

•„  n      Tiii        t-  •      1.x.  1       j.r„  tviro  lattoi-.    At    to /i,  tho  columns 

IS  usually  little    change    in    the    cord  ;    the  of  Ttlrck  and  the  pyramidal  tracts 

earlier  the  age  of  the  person  at  the  time  q<[^'^^^''^^^^-  (e«b. 
the  amputation  the  more  likely  are  these  changes  to  occur. 

In  a  case  recorded  by  Edinger,  in  which  intra-uterino  amputation  of 
the  forearm  had  occurred,  and  the  person  lived  to  the  age  of  52,  there 


524 


SPINAL  CORD  AND  MEDULLA  OBLONGATA. 


was  considerable  atrophy  of  the  nerves  and  of  the  corresponding  half  of 
the  cord,  especially  of  the  grey  matter.  There  was  also  some  atrophy 
in  the  motor  region  of  the  convolutions  in  the  brain. 

^  Literature.— Besides  general  works  already  noted,  Chaecot,  Lectures  on  localiza- 
tion of  cerebral  and  spinal  diseases,  Syd.  Soc.  transl.,  1883 ;  TijitcK,  Sitzungsber. 
d.  Akad.  d.  Wiss.  Wien,  vols,  vi.,  1851,  and  xi.,  1853;  Leyden,  Deutsch.  Klinik, 
1863 ;  GowEBs,  Diagnosis  of  dis.  of  spinal  cord,  2nd  ed.,  1881 ;  Schiefferdeckee, 
Virch.  Arch.,  Ixvii.,  1876 ;  Dheschfeld,  (Cord  after  amputation)  Jour,  of  Anat.  and 
Phys.,  1879,  xiv.  424;  Genzmee,  Virch.  Arch.,  1876,  Ixvi.  265;  Edingee,  Virch. 
Arch.,  1882,  Ixxxix.  46. 

II.^INFLAMMATIONS  OF  THE  SPINAL  COED. 

In  its  widest  acceptation,  inflammation  of  the  spinal  cord,  or  mye- 
litis, includes  a  large  number  of  widely  difierent  conditions,  each  of 
which  will  be  considered  separately.  The  cases  may  for  convenience 
be  divided  into  two  groups.  In  one  of  these  the  afi'ection  has  a 
limited  longitudinal  extension,  but  involves  the  cord  rather  in  its 
thickness.  For  this  class  of  cases  it  is  customary  to  use  the  expression 
Transverse  myelitis  in  order  to  distinguish  them  from  those  in  which  a 
considerable  length  of  cord  is  attacked,  while  the  inflammation  has  a 
limited  transverse  extension.  The  former  are  usually  due  to  a  definite 
cause  which  acts  on  the  cord  at  a  particular  level.  In  the  second 
group  the  inflammation  follows  a  particular  physiological  system  in  the 
cord,  as  for  instance  a  tract  of  white  substance,  and  extends  in  it  for 
some  distance  from  above  downwards.  Such  inflammations  may  in- 
volve the  white  substance  or  the  grey  substance,  and  they  are  often 
distinguished  by  the  names  Poliomyelitis  (ttoAios  =  grey)  and  Leuco- 
myelitis  (Aeu/co's  =  white).  These  inflammations  have  for  the  most 
part  no  assignable  cause,  and  are  sometimes  called  spontaneous.  In 
some  of  them  the  process  shows,  perhaps,  more  of  a  degenerative  than 
an  inflammatory  character.  Closely  allied  to  these  Systematic  in- 
flammations there  is  a  form  of  spontaneous  myelitis  in  which  the 
distribution  is  somewhat  irregular,  but  still  has  a  certain  tendency  to 
localize  itself  We  shall  consider  the  two  classes  indicated  above  under 
separate  headings. 

A.— TRANSVEESE  MYELITIS. 

1.  Acute  transverse  myelitis  (or  simply  Acute  mi/elitis). —Acnte  in- 
flammation of  the  spinal  cord  is  nearly  always  secondary  to  some  other 
condition.  It  may  be  produced  by  fracture,  dislocation,  or  acute  curva- 
ture of  the  vertebra,  with  direct  injury  to  the  cord.  It  may  be  caused 
by  extension  of  inflammation,  as  when  an  abscess  penetrates  into  the 
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spinal  canal,  producing  inflammation  first  of  the  meninges.  A  tumour 
may  produce  it  by  compression,  but  as  the  compression  is  usually 
gradual  there  is  more  frequently  a  chronic  myelitis,  and  the  same 
applies  to  most  cases  of  curvature  of  the  spine.  It  also  occurs  in  con- 
sequence of  exposure  to  cold,  especially  when  the  body  has  been  over- 
heated. It  may  be  a  complication  or  sequel  of  an  acute  specific  fever, 
as  typhus,  and  it  is  said  to  be  not  uncommon  in  syphilitic  patients. 
The  inflammation  of  the  cord  is  often  associated  with  inflammation 
of  the  membranes,  and  the  condition  is  then  designated  Meningo- 
myelitis. 

The  myelitis  is  limited  in  longitudinal  extent,  and  as  the  usual 
result  is  softening  of  the  cord,  the  expression  Acute  softening  of  the 
cord  is  almost  equivalent  to  myelitis.  The  softening  is  usually  most 
manifest  in  the  grey  substance  and  may  even  be  apparently  confined  to 
it,  but  it  really  involves  the  white  substance  as  well,  and  usually  the 
whole  thickness  of  the  cord. 

The  softened  nervous  tissue  presents,  in  difi"erent  cases,  considerable 
variations  in  colour,  so  that  red,  yellow,  grey,  white,  and  even  green 
softening  have  been  described.  If  much  blood  has  escaped  from  the 
vessels,  there  will  be  red  softening  merging  into  yellow. 

The  characteristic  morbid  changes  are  the  breaking-up  of  the  nervous 
tissue  and  fatty  degeneration  of  the  other  structures.  In  the  white 
substance  drops  of  myeline  escaped  from  the  medullary  sheath  are 
found,  and  the  axis  cylinders  are  swollen.  The  fatty  degeneration  is 
manifested  by  the  presence  of  abundant  compound  granular  corpuscles, 
which,  to  some  extent,  are  probably  leucocytes  or  neuroglia  cells, 
which  have  picked  up  the  disintegrated  myeline ;  but  there  may  be 
abundant  leucocytes  apart  from  these  cells.  There  is  also  fatty 
degeneration  of  the  walls  of  the  blood-vessels,  the  fat  here  having  a 
similar  source. 

The  myelitis  rarely  goes  on  to  suppuration,  but  usually  passes  into  a 
chronic  stage.  The  fat,  both  of  the  medullary  sheath  and  of  the  com- 
pound granular  corpuscles,  is  absorbed,  and  a  condition  of  grey  softening 
remains.  As  the  inflammation  becomes  more  chronic  there  is  new- 
formation  of  connective  tissue  of  a  cicatricial  character.  In  the  midst 
of  the  connective  tissue  there  are  often  to  be  found  large  cells  with 
radiating  processes,  sometimes  called  "spider  cells"  or  "  Deiter's  cells." 
These  are  very  obscurely  visible  in  the  normal  cord  where  they  form 
part  of  the  neuroglia,  but  here  they  are  much  enlarged.  In  this  way 
the  cord  at  the  part  affected  may  be  replaced  by  a  cicatrix,  or  by  a  cyst, 
and  its  conduction  interrupted.  In  some  cases  the  interruption  is  not 
complete,  and  there  may  even  be  a  partial  regeneration  of  the  conduct- 
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ing  fibres,  and  a  partial  recovery  from  the  consequent  paralysis.  As  a 
consequence  of  the  interruption  in  the  white  substance,  there  is  ascend- 
ing and  descending  grey  degeneration  of  the  usual  distribution.  There 
may  be  also  an  extension  of  the  inflammation  upwards  in  the  pyramidal 
tract  for  a  short  distance  from  the  seat  of  the  lesion. 

Gowers  has  described  an  apiDearance  as  if  a  newformation  of  nerve  fibres  were 
taking  place,  and  certainly  the  fact  that  there  may  be  a  partial  return  of  power  after 
motor  paralysis  which  has  lasted  twelve  months,  would  seem  to  indicate  that  there 
may  be  some  such  newformation. 

2.  Chronic  transverse  myelitis.— We  have  just  seen  that  this 
condition  may  follow  on  an  acute  myelitis,  but  the  inflammation  may 
be  chronic  from  the  first,  when  it  is  produced  by  an  irritant  which  acts 
gradually.  It  is  most  frequently  the  result  of  Chronic  compression  of 
the  cord,  as  in  the  case  of  curvature,  or  pressure  by  a  tumour.  It  may 
also  be  propagated  from  the  membranes,  a  spinal  meningitis  passing 
into  a  myelitis.  We  have  already  seen  that  it  may  arise  by  extension 
from  a  peripheral  nerve,  the  inflammation  travelling  upwards  to  the 
cord.  It  occurs  also  from  exposure  to  cold,  from  strains,  etc.,  as  in  the 
case  of  acute  myelitis. 

The  changes  produced  are  those  common  to  chronic  inflammations. 
There  is  newformation  of  a  dense  connective  tissue,  developing  in  the 
usual  way  from  granulation  tissue.  The  new-formed  tissue  causes  com- 
pression of  the  proper  nervous  elements  and  their  atrophy.  In  the 
white  substance  the  nerve  fibres  disappear,  and  in  the  grey  substance 
the  ganglion  cells.  With  the  growth  of  this  dense  tissue  there  is  an 
induration  of  the  cord,  and  the  term  Sclerosis  is  applicable.  In  the 
white  substance  this  is  manifested  by  the  usual  appearances  of  grey 
degeneration.  There  is  also  a  degree  of  shrinking  of  the  parts,  and  this 
is  often  especially  manifest  in  the  grey  substance. 

As  the  nervous  structures  are  partially  or  completely  destroyed  there 
is  a  greater  or  less  interruption  of  the  cord,  and  this  results  in  the  usual 
secondary  degenerations  above  and  below  the  seat  of  the  lesion. 

Literature.— Pott,  Palsy  from  curvature  of  spine,  1776  and  1782;  Beodie,  In- 
juries of  the  spine,  1837;  Jaccoud,  Des  Paraplegies,  1864;  Feosimann,  Normal 
und  path.  Anat.  des  Eiickenmarks,  1867.  For  more  complete  literature  see  Boss, 
ii.  89.      ■  . 

B. — Systematic  Myelitis  and  Degeneration. 

As  already  indicated,  in  the  diseases  included  here  the  aflfection 
follows  certain  physiological  systems,  and  we  have,  in  the  first  place,  to 
inquire  whether  any  explanation  of  this  can  be  suggested. 

General  causation. — In  almost  all  the  examples  of  inflammation 
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studied  in  other  parts  of  this  work,  the  extension  of  the  process  is 
along  definite  paths.  The  irritant  has  been  brought  to  an  organ  by  the 
blood-vessels,  or  by  some  path  of  transit,  such  as  a  mucous  canal,  and  it 
has  extended,  it  may  be,  by  the  lymphatics  or  along  a  surface.  In  the 
lesions  here  to  be  considered,  however,  the  problem  is  much  more 
difficult.  The  localization  of  the  disease  bears  no  relation  to  the  blood- 
vessels or  lymphatic  vessels,  and  if  the  irritant  is  brought  by  the  blood 
there  must  be  local  peculiarities  leading  to  diff"erences  in  the  suscepti- 
bility of  difi'erent  structures. 

In  studying  the  various  structures  which  constitute  the  cord  we  saw 
that  in  the  development  of  the  cord  a  certain  difference  is  apparent.  In 
the  white  substance  there  are  certain  Fundamental  structures  con- 
stituting the  root-zones,  and  certain  Accessory  tracts  which  are 
separately  developed,  and  mostly  of  later  formation.  In  the  grey 
substance  also  there  are  differences  in  the  periods  at  which  the  groups 
of  ganglion  cells  appear,  so  much  so  that  some  of  them  which  appear 
later  than  the  rest  have  been  named  Accessory  nuclei.  These  are 
chiefly  the  median  and  medio-lateral  groups.  These  various  tracts  of 
white  substance  and  groups  of  ganglion  cells  have  apparently  different 
powers  of  resistance,  and  the  more  recently  developed  or  accessory 
structures  are  least  resistant.  It  is  not  unlikely  indeed  that  in  some 
cases  these  may  be,  from  their  origin,  so  unstable  that  without  any 
obvious  exciting  cause  they  may  tend  to  degenerate.  In  this  way  the 
boundary  line  between  actual  inflammations  and  simple  degenerations 
is  reached.  There  are  some  of  the  diseases  here  to  be  considered  which 
have  undoubtedly  the  characters  of  inflammation,  and  even  of  acute 
inflammation.  But  there  are  others  in  which  the  characters  are  rather 
those  of  a  chronic  degeneration  or  atrophy  of  the-  structures  concerned, 

I with  very  little  of  an  inflammatory  character. 
There  are  thus  various  degrees  of  susceptibility  in  the  difi'erent 
structures  of  the  cord  and  medulla  oblongata,  and  when  an  irritant 
exists  in  the  blood,  developed  perhaps  in  connection  vnth  exposure  to 
cold  or  otherwise,  there  will  be,  according  to  circumstances,  various 
manifestations. 

1.  Sclerosis  of  the  posterior  columns  {Locomotor  ataxia,  Tabes 
(Zwsa/i.s).— Causation. — The  disease  has  the  characters  more  of  a  de- 
generation than  an  inflammation,  and  hence  is  not  frequently  traceable  to 
any  direct  injury  to  the  cord.  An  apparent  exception  to  this  is  the 
fact  that  syphilis  is  a  frequent  cause  (according  to  Gowers,  in  about 
two  thirds  of  the  cases).  But  there  is  no  definite  syphilitic  newfor- 
mation,  and  it  seems  rather  as  if  an  attack  of  syphilis  left  the  cord  more 
liable  to  degenerative  changes. 
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Characters  of  the  changes. — If  the  cord  is  examined  in  well  advanced 
cases  of  this  disease,  the  Posterior  white  columns  are  found  grey  and 
shrunken,  and  the  posterior  roots  are  also  atrophied.  There  is  often 
meningitis,  the  soft  membranes  being  thickened  and  adherent  to  the 
cord  beneath  as  well  as  to  the  dura  mater  on  the  surface.  In  earlj^ 
stages  of  the  disease  the  changes  in  the  cord  may  be  invisible  to  the 
naked  eye,  but  can  be  detected  with  the  microscope.  In  advanced 
stages  there  may  be  similar  changes  in  the  optic  nerve,  the  oculo-motor, 
the  hypoglossal,  etc. 

The  minute  changes  consist  in  atrophy  of  the  nerve  fibres  and  in- 
crease of  the  connective  tissue,  similar  to  that  described  as  occurring  in 
secondary  degenerations.  As  to  the  degree  in  which  actual  inflam- 
matory processes  exist  opinions  differ.  The  result  is  a  sclerosis  of  the 
affected  regions,  and  the  tissue  may  have  many  amyloid  bodies  in  it. 
These  are  round  or  oval  bodies  three  or  four  times  the  size  of  blood 
corpuscles,  and  presenting  a  peculiar  bright  glancing  appearance  (Fig. 
210).    They  frequently  present  a  concentric  striation  like  grains  of 


Fig.  211. — Posterior  sclerosis  in  an  early 
Fig.  210.— Amyloid  bodies  from  cord,    x  300.         stage,  confined  to  the  external  part  of  the 

posterior  columns.  (Pieruet  quoted  by 
Erb.) 

potato  starch,  and  with  iodine  they  take  on  a  deep  brown  coloration. 
These  bodies  are  sometimes  present  in  such  numbers  as  to  form  the  most 
prominent  feature  under  the  microscope. 

The  posterior  columns  are  the  parts  aftected,  but  the  disease  does  not 
invade  these  columns  uniformly.  Its  special  seat  is  the  outer  parts  of 
the  posterior  columns,  namely,  the  Posterior  root-zones,  or  columns  ot 
Burtlach,  and  it  is  stated  that  these  alone  are  affected  in  the  earlier  stages 
(see  Fig.  211).  The  Columns  of  Goll  are  secondarily  invaded,  as  the 
result  of  an  ascending  sclerosis.  That  this  is  so  appears  from  the  actual 
examination  of  the  cord  at  various  levels.  The  disease  begins,  and  is 
usually  most  advanced,  in  the  lumbar  region,  but  in  the  lowest  part  of 
that  region  the  lateral  parts  of  the  posterior  columns  may  be  alone  in- 
volved.   On  passing  upAvards  the  columns  of  Goll  become  also  affected, 
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so  that  in  the  upper  half  of  the  lumbar  swelling  the  degeneration  may  bo 
co-extensive  with  the  posterior  columns.  This  continues  in  the  dorsal 
region,  but  in  the  cervical  the  sclerosis  begins  to  diminish  externally, 
and  shades  off  into  the  columns  of  Goll,  in  which  it  may  be  continued 
up  into  the  restiform  body.  The  actual  primary  lesion  is  therefore 
that  in  the  external  parts  of  the  posterior  columns,  and  the  affection 
in  the  columns  of  Goll  is  really  an  ascending  secondary  degeneration, 
these  columns  being,  as  already  stated,  the  principal  seat  of  ascendinc^ 
sclerosis.  ° 

Besides  extending  to  the  columns  of  Goll,  the  disease  commonly 
affects  also  the  Posterior  roots,  which  are  often  much  atrophied.  It 
may  also  extend  to  the  Posterior  grey  cornua,  in  which  case  anesthesia 
occurs,  or  to  the  Lateral  columns,  in  which  case  paralysis  ensues.;  or 
it  may  even  pass  through  to  the  Anterior  cornua,  when  musclar 
atrophy  occurs  in  addition  to  paralysis.  There  is  sometimes  an  exten- 
sion to  the  Medulla  oblongata,  as  evidenced  by  inco-ordination  of  the 
muscles  of  the  eyeball  and  of  those  of  speech. 

In  a  large  proportion  of  cases  the  Peripheral  nerves  are  affected 
similarly  to  the  posterior  columns  of  the  cord.  There  is  atrophy  of  the 
nerve  fibres  with  increase  of  the  connective  tissue.  It  is  the  sensory 
nerves  which  are  affected,  and  chiefly  the  fine  filaments  in  the  skin  and 
joints,  but  probably  the  sensory  fibres  of  the  muscles  also.  The  lesion 
diminishes  on  passing  from  the  finer  filaments  to  the  larger  stems. 
There  are  frequently  similar  changes  in  the  Optic  nerve  and  in  the 
Ascending  root  of  the  fifth. 

Relation  of  lesion  to  function.— The  lesion  in  the  cord  and  nerves 
affects  the  sensory  tracts,  and  yet  the  most  prominent  symptom  is  inco- 
ordination of  motion.    Violent  pains  are  indeed  commonly  present  at 
an  early  stage,  and  there  is  sometimes  anajsthesia  in  later  periods.  The 
inco-ordination  is  not  a  motor  paralysis,  but  due  to  interference  Avith 
the  centripetal  nerve  fibres,  especially  those  which  connect  the  muscles 
with  the  cord.    The  ganglion  cells  in  the  anterior  cornua  of  the  cord 
are,  as  we  have  seen,  the  immediate  centres  for  the  muscles,  being  centres 
of  a  low  order  dominated  by  higher  ones.    These  centres  receive  centri- 
petal fibres  and  give  off  centrifugal  ones,  thus  forming  a  complete 
nervous  system  of  a  low  order.    The  centripetal  fibres  come  to  a  large 
extent  from  the  muscles,  and  keep  the  centres  informed,  so  to  speak,  of 
the  position  and  state  of  contraction  of  the  muscles.    Any  break  in  the 
circle  will  set  the  whole  apparatus  at  a  disadvantage  and  interfere  with 
the  completeness  of  the  action.    Here  there  is  a  break  in  the  centri- 
petal system,  probably  more  particularly  in  the  fibres  coming  from  the 
muscles,  as  evidenced  by  the  very  early  loss  of  tendon  reflex  (according 
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to  Erb,  whenever  the  ataxia  is  developed).  In  consequence  the  con- 
tractions of  the  muscles  will  be  to  some  extent  at  random  and  without 
that  accurate  adjustment  which  exists  normally.  Probably  also  the 
normal  tonicity  of  the  muscles  is,  as  Lockhart  Clarke  suggested, 
due  to  continuous  stimulation  of  the  ganglia  in  the  cord  by  stimuli 
conveyed  from  the  periphery.  The  interruption  of  the  centripetal 
fibres  will  interfere  with  this  stimulation,  and  the  contraction  of  the 
muscles  will  start  at  a  disadvantage.  The  absence  of  the  knowledge  of 
the  state  of  the  muscles  which  is  implied  in  a  break  in  the  reflex  circle 
may  be  partly  compensated  by  using  the  eyes  to  direct  the  movements, 
the  motor  cells  in  the  cord  being,  as  it  were,  informed  from  above  of 
the  state  of  the  muscles. 

The  occasional  supervention  of  anaesthesia  in  locomotor  ataxia  is  to 
be  held  as  indicating  an  extension  of  the  disease  to  the  grey  matter  of 
the  cord.  The  occurrence  of  true  paralysis  indicates  that  the  neigh- 
bouring motor  tracts  in  the  lateral  columns  have  become  involved. 

Trophic  lesions. — In  addition  to  the  conditions  already  referred  to, 
Charcot  has  called  special  attention  to  certain  trophic  lesions  which 
occasionally  occur  in  locomotor  ataxia.  These  are  of  three  kinds, 
namely,  certain  cutaneous  eruptions,  muscular  atrophy,  and  affections 
of  the  joints. 

The  Cutaneous  eruptions  occur  in  the  earlier  periods,  usually  coin- 
ciding with  the  attacks  of  lightning  pains,  and  they  are  in  the  form  of 
local  eruptions  of  herjjes,  lichen,  pemphigus.  As  these  occur  in  the 
earlier  periods,  and  are  coincident  with  the  pains  which  are  evidences 
of  irritation  of  the  centripetal  fibres,  we  may  infer  that  the  trophic 
fibres  of  the  skin  are  situated  in  the  posterior  roots,  and  that  it  is 
because  these  are  involved  in  the  jjrocess  that  the  cutaneous  eruptions 
occur. 

Muscular  atrophy  is  not  very  common  in  locomotor  ataxia,  and  is  of 
later  occurrence.  The  muscles  may  waste  as  a  direct  result  of 
paralysis — a  slow  atrophy  from  disuse.  In  some  cases,  however, 
there  are  localized  atrophies  of  special  muscles  similar  to  those  in 
progressive  muscular  atrophy  and  in  bulbar  paralysis.  In  these  cases 
the  disease  has  extended  to  the  anterior  cornua  in  which  are  situated 
the  trophic  centres  of  the  muscles,  and  there  is  destruction  of  the 
ganglion  cells,  just  as  in  progressive  muscular  atrophy. 

The  Affections  of  the  joints  consist  in  comparatively  acute  swellings, 
with  exudation,  followed  by  atrophy  of  the  ends  of  the  bones.  Dislo- 
cations of  the  joints  may  occur  in  consequence.  These  trophic  disturb- 
ances of  the  joints  seem,  like  those  of  the  muscles,  to  occur  in  cases 
where  the  disease  extends  to  the  anterior  cornua,  the  trophic  centres  for 
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the  whole  organs  of  locomotion  having  their  seat  there.  The  propa- 
gation of  the  disease  to  the  anterior  cornua,  leading  to  muscular  atrophy 
or  trophic  affections  of  the  joints,  seems  to  be  not  uncommon,  and  may 
occur  at  a  comparatively  early  period.  This  can  hardly  be  regarded 
as  remarkable  when  we  consider  that  there  are,  for  purposes  of  reflex 
action,  direct  connections  between  the  posterior  root-zones  and  the 
anterior  cornua. 

General  paralysis  of  the  insane  is  often  complicated  with  ataxia,  and  the  spinal  cord 
presents  sclerosis  of  the  posterior  columns  similar  to  that  in  ordinary  ataxia. 

Friedrich's  hereditary  ataxia. — A  considerable  number  of  cases  have  been  described 
in  which  motor  inco-ordination  has  appeared  at  an  early  age  ki  several  members  of 
the  same  family.  There  is,  in  these  cases,  probably  a  congenital  faulty  development 
of  the  cord,  and  the  ataxia  is  the  consequence  rather  of  a  degenerative  than  of  an 
inflammatory  process. 

The  lesion  is  not  confined  to  the  posterior  columns  but  affects  also  the  lateral 
columns,  involving  usually  the  pyramidal  and  the  direct  cerebellar  tracts,  and  some- 
times extending  forward  at  the  periphery  of  the  cord.  There  seems  Uttle  tendency 
to  extension  to  the  grey  matter,  and  hence  proper  paralysis  and  muscular  atrophy  as 
well  as  ansEsthesia  are  uncommon.  There  is  seldom  any  evidence  of  irritation  in 
the  sensory  fibres  such  as  we  have  in  ordinary  ataxia,  evidenced  by  the  lightning 
pains. 

The  disease  frequently  extends  upwards  to  the  medulla  oblongata,  as  evidenced  by 
the  occurrence  of  disturbance  of  speech  and  nystagmus. 

2.  Spontaneous  lateral  sclerosis  (Erh's  Spastic  paralysis). — In  this 
disease  we  have  an  independent  disease  of  the  pyramidal  tract,  having 
a  similar  anatomical  distribution  to  that  in  descending  grey  degenera- 
tion. It  usually  begins  in  the  lumbar  cord,  and  attacks  simultaneously 
both  pyramidal  tracts.  These  cases  are  of  somewhat  frequent  occur- 
rence, but  seldom  come  to  post-mortem  examination  unless  there  be  an 
extension  to  other  systems  in  the  cord,  especially  the  anterior  cornua. 
Hence  few  cases  have  been  observed  in  which  pure  lateral  sclerosis  has 
been  proved  by  anatomical  observation.  In  a  case  recorded  by  Dresch- 
feld,  however,  sclerosis  was  found  in  the  lateral  columns  and  very  little 
in  the  anterior  cornua. 

The  symptoms  already  referred  to  as  characteristic  of  descending 
sclerosis  are  here  very  pronounced,  namely,  spasm  of  the  muscles,  chiefly 
of  the  lower  extremity,  with  exaggerated  tendon  reflex.  There  is  also, 
of  course,  paralysis. 

The  sclerosis  appears  to  extend  not  infrequently  from  the  pyramidal 
tract  to  the  anterior  cornua  of  the  grey  substance.  In  that  case  there 
is  muscular  atrophy  in  addition  to  the  other  phenomena.  To  condi- 
tions of  this  kind,  Charcot  has  given  the  name  Amyotrophic  lateral 
sclerosis. 
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■The  name  Ataxic  paraplegia  has  been  given  to  cases  in  which  the  lesions  and 
symptoms  of  sclerosis  of  both  the  posterior  and  lateral  columns  have  been  present. 

3.  Acute  ascending  paralysis  {Landry's  Paralysis). — In  this  disease 
there  is  a  rapidly  extending  paralysis,  commencing  in  the  legs,  extend- 
ing to  the  trunk  and  arms,  and  usually  causing  death  in  a  few  days, 
although  not  always  fatal.  Although  the  symptoms  point  to  a  serious 
affection  of  the  cord  involving  the  motor  tracts,  no  lesion  has  been  yet 
discovered.  The  acuteness  of  the  symptoms  and  the  occurrence  of  en- 
largement of  the  spleen  and  lymphatic  glands  have  suggested  the  exist- 
ence of  a  morbid  poison  (Gowers),  and  the  disease  has  been  looked  upon 
as  perhaps  analogous  to  diphtheritic  paralysis. 

4.  Poliomyelitis  anterior  acuta  {Infantile  Paralysis,  Acute  Atropine 
Sjnnal  Paralysis). — This  is  a  disease  mostly  of  infancy  and  early  childhood, 
but  not  unknown  in  the  adult. 

The  disease  is  an  acute  inflammation  of  the  grey  substance  of  the 
anterior  cornua  of  the  cord.  In  an  observation  by  Drummond  in  which 
a  child  died  after  a  few  hours'  illness,  there  was  redness  of  the  anterior 
cornua,  with  minute  extravasations,  swelling  of  the  ganglion  cells,  etc. 
In  later  cases,  but  still  comparatively  early,  the  anterior  cornua  are  seen 
under  the  microscope  to  be  altered,  not  continuously,  bixt  in  patches. 
They  contain  numerous  round  cells  and  compound  granular  corpuscles. 
The  ganglion  cells  in  certain  of  the  groups  have  disappeared  or  have 
shrunk  considerably.  At  the  periphery  of  the  affected  patches  round 
cells  are  aggregated,  and  there  is  already  some  shrinking  of  the  patches. 
The  condition  is  most  manifest  in  the  lumbar  and  cervical  enlargements. 
The  anterior  roots  are  also  somewhat  atrophied,  and  show  evidences  of 
degenerative  changes. 

Many  cases  have  been  examined  years  after  the  onset  of  the  disease, 
at  intervals  varying  from  seventeen  to  sixty-one  years,  and  the  changes 
have  been  very  obvious  even  to  the  naked  eye.  These  consist  of 
sclerosis  with  shrinldng,  mainly  of  the  anterior  grey  cornua,  but  also  of 
the  anterior  and  antero-lateral  columns  of  white  substance  (see  Fig.  212). 
These  changes  are  very  manifest  when  the  cord  has  been  hardened  and 
fine  transverse  sections  made.  The  shrinking  of  the  horn  affects  certain 
of  the  groups  of  cells  specially,  and  the  shrunken  part  consists  largely 
of  connective  tissue  in  which  there  are  visible  no  ganglion  cells  or  only 
deformed  and  pigmented  ones.  There  is  connective  tissue  with 
abundant  nuclei  and  enormous  numbers  of  amyloid  bodies.  The  lesion 
in  the  anterior  cornua  is  by  no  means  homogeneoiis  or  symmetrical. 
One  cornu  may  be  atrophied  and  the  other  normal,  and  on  examining 
sections  at  different  levels  there  is  groat  variety  in  the  longitudinal  dis- 
tribution.    The  anterior  roots  are  also  atrophied  at  the  parts  corre- 
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spending  to  the  most  affected  portions  of  the  cord,  and  they  may  appear 
to  the  naked  eye  small  and  grey. 

The  disease  usually  begins  acutely  and  the  paralysis  generally  assumes 
its  full  development  almost  at  once.  This  extensive  paralysis  seems  due 
in  part  to  pressure  by  the  distended  vessels  and  inflammatory  exudation, 
and  in  some  cases  by  extravasated  blood.  In  this  period  some  ganglion 
cells  may  be  destroyed,  but  those  not  absolutely  destroyed  may  recover  as 


Fig.  212. — Anterior  poliomyeliti.s.  The  right  anterior  comu  in  the  cer- 
vical region  is  shrunken,  and  there  is  ati-ophy  of  all  the  white  columns  on 
that  side.  Prom  a  woman,  aged  50,  who  was  the  subject  of  infantile  para- 
lysis of  the  right  arm.  (Charcot.) 


the  acute  inflammation  passes  off.  In  many  parts  the  inflammation  is 
slight  and  subsides  completely,  in  others  it  is  severe  and  goes  on  to 
sclerosis,  and  there  is  permanent  destruction  of  the  ganglion  cells.  Hence 
it  is  that  a  paralysis  which  has  been  at  first  almost  universal  may  be  re- 
covered from  almost  completely.  .The  improvement  goes  on  till  all  the 
cells  which  are  capable  of  it  have  recovered,  and  there  is  a  residue  which 
have  been  permanently  lost  and  cannot  be  restored.  These  permanently 
lost  cells  represent  single  muscles  and  groups  of  muscles,  and  there  is 
a  corresponding  localized  paralysis. 

Trophic  changes  in  muscles,  etc. — The  centres  which  have  the  direct 
control  of  the  contractions  of  the  individual  muscles  are,  probably  the 
centres  which  command  the  nutrition  of  the  muscles  and  their  nerves ; 
or  the  trophic  centres,  if  separate,  must  at  least  lie  alongside  the  mus- 
cular centres.  For  the  permanently  paralysed  muscles  soon  undergo  a 
marked  and  rapid  atrophy  and  the  fibres  of  the  anterior  roots  also  de- 
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generate.  The  muscular  atrophy  is  not  simply  from  disuse,  for  it  is 
much  greater  and  more  rapid  than  in  cases  of  paralysis  where  the 
anterior  cornua  are  not  affected.  The  muscles  rapidly  get  soft  and 
emaciated,  and  may  entirely  disap]Dear.  Besides  the  loss  of  substance 
there  may  be  proliferation  of  the  nuclei  of  the  interstitial  connective 
tissue,  and  an  increase  in  this  tissue ;  sometimes  there  is  infiltration  of 
fat  in  the  interstitial  tissue,  so  that  the  muscle  may  appear  less  atrophied 
than  it  really  is.  The  defective  develoi^ment  of  the  bones  and  joints  met 
with  may  be  partly  from  disuse,  but  also  probably  to  some  extent  from 
destruction  of  trophic  centres. 

At  the  onset  there  are  usually  signs  of  acute  inflammation  (fever,  sometimes  con- 
vulsions), but  these  symptoms  may  be  very  slight,  and  the  first  thing  noticed  may  be 
the  paralysis.  Whether  accompanied  by  fever  or  not,  the  paralysis  develops  rapidly, 
and  generally  attains  its  full  extent  almost  at  once.  It  may  affect  both  arms  and 
both  legs,  or  the  legs  alone,  or  the  arms  alone,  or  the  leg  and  arm  on  one  side,  or 
one  leg  or  one  arm  alone.  After  some  weeks,  the  paralysis  begins  to  improve,  and 
may  go  on  imj^roving  for  some  time.  Complete  recovery  rarely  results,  and  gener- 
ally the  paralysis  affects  certain  muscles  permanently.  The  whole  muscles  of  a  Hmb 
may  remain  paralysed,  or  the  paralysis  may  be  limited  to  a  group  or  two  of  muscles. 
In  the  permanently  paralysed  muscles  a  rapid  atrophy  occurs  which  becomes  very 
extreme.  The  bones  of  the  paralysed  part  do  not  grow  normally,  and  the  articula- 
tions are  imperfectly  adjusted.  Certain  deformities  ensue,  the  commonest  and  most 
prominent  of  which  is  club-foot.  Curvature  of  the  spine  is  also  a  comparatively  fre- 
quent result.  All  through  the  disease  the  patient  may  maintain  good  general  health, 
and  after  recovery  from  the  initial  fever  he  may  present  nothing  abnormal  but  the 
paralysis  and  atrophy.  Through  time  he  learns  to  use  his  remaining  muscles  to  the 
best  advantage,  and  may  pass  through  a  long  life  maimed  by  the  infantile  attack. 

Although  most  common  in  children  a  good  many  cases  of  this  disease 
have  now  been  recorded  in  Adults.  Here  also  it  is  ushered  in  by  acute 
symptoms  such  as  fever,  pain  in  back  and  extremities,  vomiting,  head- 
ache. The  paralysis  develops  mostly  in  a  few  hours,  but  it  may  be  as 
late  as  a  day  or  two.  After  a  time  recovery  begins,  and  is  more  fre- 
quently complete  than  in  the  case  of  children.  It  is  frequently  incom- 
plete, and  then  we  have  paralytic  deformities,  which,  howevei',  as  the 
bones  are  fully  formed  are  not  so  striking  as  in  the  case  of  children. 
Here,  also,  there  is  rapid  atrophy  of  the  muscles,  which  is  not  so  liable 
to  be  concealed  by  fatty  infiltration  as  in  the  case  of  children. 

5.  Poliomyelitis  anterior  chronica. — Some  cases  have  been  recorded, 
chiefly  in  adults,  in  which,  with  little  or  no  fever  or  disturbance  of  the 
general  health,  a  motor  paralysis  has  occurred,  and  in  the  course  of  a 
few  days  or  weeks  has  extended  to  the  entire  lower  limbs  and  then 
rapidly  to  the  upper.  It  rarely  takes  the  opposite  course.  The  muscles 
become  slack  and  soft  and  lose  their  reflex  irritability,  and  they  rapidly 
atrophy.     There  have  been  few  post-mortem  examinations  as  yet,  but 
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they  seem  to  show  a  chronic  inflammation  or  sclerosis  of  the  anterior 
coniua  with  loss  of  the  ganglion  cells.  The  disease  is  frequently  re- 
covered from,  but  recovery  is  slow  and  complete  restitution  may  take 
years.  On  the  other  hand,  the  disease  may  extend  upwards  and  produce 
death.  In  this  disease,  also,  it  will  be  observed,  centres  for  contraction 
and  trophic  centres  seem  to  be  simultaneously  affected.  Many  cases  of 
Multiple  neuritis  have  been  mistakenly  diagnosed  as  belonging  to  this 
class. 

6.  Progressive  muscular  atrophy. — This  disease,  although  its  name 
points  to  an  affection  of  the  muscles,  is  yet  considered  here,  because 
there  is  every  reason  to  believe  that  an  affection  of  the  spinal  cord  is 
the  primary  lesion,  the  muscular  condition  being  secondary. 

In  its  clinical  aspects  the  main  feature  is  a  gradually  progressive 
atrophy  and  consequent  paralysis  of  the  muscles.  It  very  commonly 
begins  in  the  muscles  of  the  hand,  but  progresses  from  one  muscle  to 
another  till  the  death  of  the  patient.  In  its  later  stages  it  frequently 
becomes  associated  with  a  corresponding  form  of  disease  of  the  medulla 
oblongata,  namely,  bulbar  paralysis,  to  be  considered  next. 

In  the  muscles  the  change  consists  in  what  may  be  regarded  as  a 
chronic  inflammation  of  them.  The  muscular  nuclei  increase  in  num- 
ber, and  as  the  contractile  substance  diminishes,  the  sarcolemna  may 
come  to  be  filled  with  cells,  the  result  of  this  proliferation  of  the 
muscular  nuclei.  At  the  same  time  the  interstitial  connective  tissue 
shows  active  changes,  increase  of  nuclei,  and  newformation  of  connec- 
tive tissue.  In  the  muscular  substance  various  forms  of  degeneration 
have  been  observed,  chiefly  fatty  and  waxy,  or  simple  atrophy.  In 
any  case  the  muscular  fibres  are  lost  by  degrees  and  the  connective 
tissue  increased  but  not  sufficiently  to  make  up  the  bulk  of  the  lost 
muscular  substance.  Sometimes  a  fatty  infiltration  of  the  connective 
tissue  occurs,  so  that  adipose  tissue  comes  to  occupy  the  place  of  the 
muscle  to  a  large  extent.  This  change,  if  it  occurs,  is  only  local,  and 
pure  atrophy  may  exist  side  by  side  with  atrophy  with  formation  of 
adipose  tissue.  This  formation  of  adipose  tissue  is  mostly  a  late,  and  by 
no  means  a  characteristic,  occurrence  in  this  disease. 

In  the  Spinal  cord  the  essential  changes  are  in  the  anterior  cornua, 
but  in  most  cases  the  pyramidal  tracts  are  also  involved.  The  lesion  in 
the  anterior  cornua  consists  in  a  gradual  atrophy  of  the  large  ganglion 
cells,  affecting  the  parts  corresponding  with  the  atrophied  muscles. 
These  cells  may  have  entirely  disappeared  or  there  may  remain  only 
small  angiilar  bodies  representing  them.  There  is  at  the  same  time  an 
increase  of  the  connective  tissue  so  that  there  is  little  change  in  the 
size  or  shape  of  the  cornu. 
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According  to  Boss,  the  central  grey  column  (the  grey  substance  on  either  side  of 
the  central  canal)  is  most  affected,  being  traversed  by  large  canals  and  fibrillated. 

In  the  annexed  figure  (Fig.  213)  it  is  seen 
that  the  cells  of  the  median  group  have 
also  entirely  disapiJeared,  while  the  other 
groups  of  the  anterior  cornua  are  limited 
in  size,  the  peripheral  cells  of  the  groups 
having  disappeared,  leaving  only  the  more 
central  ones.  It  very  commonly  happens 
that,  short  of  absolute  destruction  of  the 
ganglion  cells,  they  are  greatly  atrophied 
and  pigmented  {pigmentary  atrophy). 

The  Pyramidal  tracts,  both  those 
in  the  lateral  and  those  in  the  an- 
terior columns  are  affected  jDrobably 
in  all  cases  (Gowers),  and  the  lesion 
has  been  traced  up  through  medulla 
oblongata,  pons,  peduncles,  internal 
capsule  and  corona  radiata  to  the 
motor  convolutions  of  the  brain 
where  the  large  ganglion  cells  have 
been  observed  to  be  atrophied. 

The  Anterior  nerve-roots  are  also 
atrophied.  The  nerve  fibres  may 
have  almost  entirely  disappeared,  and  the  nerves  may  be  almost  re- 
placed by  connective  tissue.  The  degeneration  exists  throughout  the 
peripheral  distribution  of  these  nerves,  and  the  terminal  fibres  in  the 
atrophied  muscles  are  greatly  altered. 

Leyden  has  recorded  a  case  of  progressive  muscular  atrophy  in  which  there  was 
the  peculiar  condition  of  the  cord  designated  Syringomyelia.    (See  further  on.) 

Relation  of  lesion  to  function. — In  this  disease  we  have  a  degenera- 
tion or  chronic  inflammation  aff'ecting  the  motor  system,  chiefly  in  its 
lower  parts.  The  disease  centres  in  the  ganglion  cells  of  the  anterior 
cornua,  but  it  afi"ects  the  nerve  fibres  arising  from  these,  which  are 
really  prolongations  of  their  processes,  and  in  most  cases  also  the  pyrami- 
dal tracts  above  them.  The  degeneration  of  the  pyramidal  tracts 
is  not  to  be  regarded  as  in  any  sense  secondary,  but  as  part 
of  the  prolonged  lesion  of  the  motor  system.  Indeed  the  order  in 
which  the  different  parts  are  involved  varies  somewhat,  and  we  may 
have  the  pyramidal  tracts,  at  least  in  some  parts  of  their  course,  affec- 
ted in  advance  of  the  anterior  cornua,  although  this  is  not  common. 
We  have  already  seen  that  spasm  of  the  muscles  is  the  charactei-istic 
result  of  degeneration  of  the  jjyramidal  tracts,  but  this  can  only  occur 


Fig.  213.— Progressive  muscular  atrophy- 
section  of  cord  in  cervical  region,  from  an  ad- 
vanced case.  The  central  portion  of  grey  sub- 
stance is  fibrillated  ;  the  median  group  of  cells 
has  disappeared,  and  the  other  groups  are 
atrophied.  (Ross.) 
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when  the  anterior  cornua  are  unaffected.  Hence  in  this  disease  rigidity 
of  the  muscles  is  not  common,  althoxigh  in  some  cases  it  does  occur 
locally,  especially  in  the  legs.  Charcot  has  endeavoured  to  group  this 
class  of  cases  separately  on  the  supposition  that  in  them  the  lesion  has 
begun  in  the  pyramidal  tracts,  but  it  is  doubtful  whether  this  is  a 
sufficient  basis  of  distinction. 

It  will  appear  from  the  above  that,  as  in  most  cases  the  anterior 
cornua  are  affected  before  or  simultaneously  with  the  pyramidal  tracts, 
there  will  usually  be  no  evidence  during  life  of  the  affection  of  the  latter. 

7.  Bulbar  paralysis,  or  Glosso-labio-laryngeal  paralysis. — This  con- 
dition is  called  bulbar  paralysis  from  the  fact  that  the  part  affected 
is  the  medulla  oblongata,  which  is  frequently  designated  the  bulb. 
There  is  progressive  atrophy  and  paralysis  of  muscles  supplied  from  the 
medulla  oblongata.  The  muscles  are  mainly  those  of  the  tongue,  lips, 
arches  of  palate,  pharynx  and  larynx,  and  in  consequence  there  is  pro- 
gressive interference  with  articulation,  chewing,  swallovring,  and  even 
with  the  production  of  the  voice.  The  disease  may  pass  on  later  to 
affect  the  more  vital  functions  of  the  medulla  oblongata,  those 
concerned  in  respiration,  etc. 

We  have  already  seen  in  connection  with  the  normal  structure  of 
the  medulla  oblongata  that,  on  passing  from  the  cord,  the  grey  substance 
is  dislocated  backwards,  and  that  in  the  posterior  region  of  the  medulla 
a  set  of  grey  nuclei  appear,  which,  as  the  spinal  canal  opens  up  in  the 
fourth  ventricle,  present  themselves  in  the  floor  of  that  ventricle. 
These  nuclei  are  mainly  motor,  corresponding  with  the  anterior  cornua, 
and  they  form  the  immediate  centres  for  certain  cerebral  nerves  (see 
Fig.  214).  In  the  lower  half  of  the 
fourth  ventricle  we  find  the  hypo- 
glossal nucleus  (xii')  occupying  the 
part  next  the  middle  line.  Outside 
it  there  is  the  spinal  accessory  nucleus 
which  begins  in  the  cord,  and  does 
not  extend  far  up  in  the  floor  of  the  ven- 
tricle ;  it  is  not  shown  in  the  figure, 
but  gives  place  to  the  nucleus  of  the 
pneumogastric  or  vagus  (x').  Out- 
side the  vagus  appears  the  glosso- 
pharyngeal, which  partially  divides  the 
vagus  nucleus  into  two.  As  we  pass 
upwards  the  vagus  nucleus  gets  smaller  and  the  hypoglossal  and  glosso- 
pharyngeal approximate  to  each  other.  Above  that  again  come  in  the 
nucleus  of  the  sixth  (the  abducens)  in  the  middle  lino,  and  outside  that 


Fig.  214.— Modnlla  oblongata  at  tho  level  of 
tlio  fovirth  ventricle,  showing  the  position  of 
the  grey  nuclei.  (Quain.) 
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the  motor  nucleus  of  the  fifth  and  that  of  the  facial.  Outside  these 
again  are  sensory  nuclei,  those  of  the  acoustic  and  of  the  fifth. 

In  bulbar  paralysis  there  is  atrophy  of  these  grey  nuclei.  It  is 
seldom  that  opportunity  is  afforded  of  examining  the  medulla  in  recent 
stages,  but  according  to  Benedikt,  who  had  such  an  opportunity,  there 
are  definite  signs  of  inflammation,  hyperajmia,  thickening  of  the  walls 
of  the  vessels,  and  numerous  round  cells.  In  later  periods  increase  of 
the  connective  tissue,  with  round  cells  and  amyloid  bodies,  have  been 
observed.  These  changes  centre  in  the  nucleus  of  the  hypoglossal,  and 
this  nucleus  is  usually  most  seriously  damaged,  but  they  pass  soon  to 
the  accessory  and  vagus,  while  the  glosso-pharyngeal  sometimes,  but  not 
usually,  escapes.  The  nucleus  of  the  facial  is  often  attacked,  and  some- 
times that  of  the  motor  branch  of  the  fifth.  The  disease  seldom  ex- 
tends to  the  abducens,  and  never  attacks  the  sensory  nuclei  of  the 
acoustic  and  fifth  nerves. 

There  is  in  many  cases  degeneration  of  the  nerve  fibres  in  the  anterior 
pyramids  similar  to  that  in  the  pyramidal  tracts  in  progressive  muscu- 
lar atrophy.  There  is  even  reason  to  believe  that  in  some  cases  the 
lesion  may  be  essentially  in  the  pyramidal  fibres  which  connect  with 
the  nuclei  in  the  medulla  oblongata,  in  which  case  the  disease  would  be 
analogous  with  lateral  sclerosis  of  the  cord  rather  than  with  progressive 
muscular  atrophy. 

The  corresponding  nerves  usually  show  considerable  atrophy,  espe- 
cially the  hypoglossal,  and  next  to  it  the  accessory,  vagus,  and  glosso- 
pharyngeal. In  them  may  be  found  a  fatty  degeneration  involving 
destruction  of  the  medullary  sheath  and  subsequent  overgrowth  of 
connective  tissue.  In  this  way  the  nerve-root  may  come  to  be  almost 
nothing  but  a  connective-tissue  strand. 

In  the  affected  muscles  the  change  is  exactly  parallel  to  that  in  pro- 
gressive muscular  atrophy  with  which  sooner  or  later  this  disease  is  so 
frequently  associated.  There  is  increase  of  the  muscular  nuclei  and 
connective  tissue,  with  destruction  of  the  proper  contractile  substance, 
and  consequent  atrophy  of  the  muscle  as  a  whole.  Thus  the  tongue, 
palatine  arches,  lips,  pharynx,  and  larynx  may  have  their  muscles 
intensely  atrophied.  Sometimes  also  the  muscles  of  the  neck,  especially 
the  trapezius  (supplied  by  the  spinal  accessory),  are  affected.  In  some 
cases  the  atrophy  is  obscured,  as  in  progressive  muscular  atrophy,  by 
the  interstitial  tissue  becoming  adipose. 

8.  Pseudo-hypertrophic  paralysis.— The  resemblance  of  this  disease 
to  progressive  muscular  atrophy  strongly  suggests  that  it  is  primarily 
due  to  a  lesion  in  the  spinal  cord.  But  repeated  examinations  of  the 
cord  have  shown  no  constant  lesion  there,  and  in  most  cases  the  anterior 
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cornua  have  been  found  intact.  The  muscular  nerves  are  also 
apparently  unaffected,  and  the  general  opinion  is  now  that  it  is  a 
primary  disease  of  the  muscular  system.  It  occurs  mostly  in  child- 
hood, and  is  frequently  met  with  in  several  members  of  the  same 
family.  It  may  be  regarded  as  having  its  origin  in  a  faulty  develop- 
ment of  the  muscular  system.  Considering  the  close  relationship  in 
function  and  even  in  nutrition  between  the  nervous  system  and  the 
muscles,  as  shown  by  the  affections  already  described,  it  is  perhaps 
justifiable  to  consider  this  disease  along  with  those  of  the  spinal  cord. 

In  many  forms  of  disease  in  which  the  muscles  are  disused  or  para- 
lysed there  is  an  overgrowth  of  the  interstitial  connective  tissue  some- 
times with  excessive  development  of  fat.  We  have  noted  this  in  some 
of  the  affections  considered  above,  and  it  occurs  also  when  the  muscles 
are  disused  by  reason  of  fixation  of  joints,  etc.  (See  under  Fatty  Infil- 
tration, p.  159.) 

In  the  present  disease  there  is  an  apparently  spontaneous  atrophy  of 
the  muscular  substance  with  a  newformation  of  connective  and  adipose 
tissue  between  the  muscular  fibres.  The  newformation,  at  least  in 
some  situations,  usually  more  than  compensates  in  bulk  for  the  atrophy, 
and  there  is  an  appar-. 
ent  hypertrophy  of  the 
muscle  as  a  whole.  By 
the  time  the  patient 
dies  there  is  generally 
a  very  extraordinary 
and  widely  distributed 
affection  of  the  muscu- 
lar system.  Many  of 
the  muscles  on  being 
cut  into  look  like  pieces 
of  fat,  in  which  to  the 
naked  eye  no  trace  of 
muscular  tissue  is 
visible.    Under  the  mi- 

CrOSCOpe  occasional  nar-  chiefly  adipose  tissue  with  a  few  atrophied  muscular  fibres. 

rowed  muscular  fibres  ^  ^^"^ 

may  be  visible  in  the  midst  of  the  adipose  tissue  (see  Fig.  215),  usually 
accompanied  by  strands  of  connective  tissue.  The  muscular  fibres, 
although  varying  in  size  and  in  general  greatly  narrowed,  for  the  most 
part  preserve  their  transverse  striation.  In  some  situations  the  fat 
may  have,  to  a  large  extent,  disappeared,  so  that  fibrous  tissue  replaces 
the  muscle. 
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An  idiopathic  muscular  atrophy  has  been  described  in  which  the  wasting  of  the 
niuscles  has  not  been  associated  with  increase  of  connective  tissue  or  fat.  This  con- 
dition shows  many  analogies  with  that  described  above,  occurring  Hke  it  in  several 
members  of  the  same  family,  but  not  generally  beginning  in  childhood. 


in.— TUMOUBS  OF  THE  COED  AND  MEDULLA. 

Tumours  of  the  cord  and  medulla  proper  are  very  rare,  but  it  is  not 
uncommon  to  find  tumours  of  the  meninges,  and  even  of  the  bones,  afi"ect- 
ing  the  cord  by  pressure. 

Glioma  of  the  cord  is  less  common  than  that  of  the  brain.  It  has 
usually  a  very  small  transverse  extent,  but  may  occui)y  a  considerable 
length  of  the  cord,  which  is  correspondingly  swollen.  The  boundaries 
of  the  tumour  are  frequently  rather  ill-defined.  Myxoma  and  Sarcoma 
have  also  been  observed,  usually  glio-sarcoma,  but  in  one  case  a  proper 
spindle-celled  sarcoma.  A  case  has  been  recorded  by  Ganguillet  of  a 
so-called  Cylindroma,  in  which  there  were  branching  bodies  whose  rami- 
fications i^resented  gelatinous  mantles. 

The  Solitary  scrofulous  tubercle  is  much  less  common  in  the  cord 
than  in  the  brain.  It  forms  a  hard  cheesy  mass,  usually  with  a  softened 
zone  of  tissue  around  it.  The  larger  have  usually  their  seat  in  the  lum- 
bar portion  of  the  cord. 

Syphilis  we  have  seen  to  be  apparently  a  frequent  cause  of  locomotor 
ataxia.  It  seldom  gives  rise  to  proper  gummata.  When  it  does  so  the 
tumour,  here  as  in  the  brain,  takes  origin  in  the  meninges,  and  is  hence 
at  first  superficial,  although  it  may  subsequently  extend  into  the  sub- 
stance of  the  cord.  The  membranes  over  it  are  thickened  and  usually 
adherent. 

Cysts  do  not  occur  in  the  cord  as  independent  formations,  but  a  cystic 
condition  will  be  described  further  on  as  Hydromyelus  and  Syringo- 
myelia. ^ 

All  forms  of  tumour,  whether  of  the  cord  or  meninges,  are  liable  to 
mterrupt  the  conduction  of  the  cord,  and  so  to  produce  paralysis.  There 
will  be  also  the  usual  ascending  and  descending  secondary  degenerations. 

Literature.— ^c^erosis  ofi^osterior  columns— Tq-dd,  Cyclopredia  of  anat.  and  physiol., 
1847,  iii.  721 ;  Eeynolds,  Diagnosis  of  dis.  of  brain,  etc,  1855 ;  Tueck,  Prim.  Degener. 
einzelner  Eiickenmarksstriinge,  1856 ;  Duchenne,  Arch.  g^n.  de  m6d.,  1858 ;  Charcot, 
Lect.  on  dis.  of  nervous  syst.,  2nd  ser.,  Syd.  Soc.  transl.  1881;  Leydex,  Die  graue 
Degen.  der  Hinterstriinge  des  Eiickenmarks,  18G3;  Eeb.,  loc.  cit.,  1878;  Go^hes, 
(Syphilis  as  cause)  Brit.  Med.  Jour.,  i.,  1879;  Eeb,  Arch.  f.  klin.  Med.,  July,  1879; 
LocKHAET  Claeke,  St.  Gco. Hosp.  Sep.,  1886,  i.,  p.  71,  and  Brit.  Med.  Jour.,  1869; 
PiEBRET,  (Affection  of  posterior  roots)  Arch.  d.  physiol.,  1870,  iii.  599,  and  Gaz.  m6d. 
de  Paris,  1882;  Trans,  of  Internat.  med.  congress,  1881,  vol.  i.;  Dejeeine,  Arch,  de 
phys.,  1884.    Posterior  sclerosis  in  general  pam/ysts— Westphal,  Arch.  f.  Psych., 


SPINAL  CORD  AND  MflDULLA  OBLONGATA. 


541 


1882;  CiAua,  Allg.  Zeitschr.  f.  Psych.,  1881.  Heredilarij  ataxia— FB.iEj)^Eicn,Yivch. 
Arch.,  1876,  Ixviii.,  1877,  Ixx.  Lateral  sclerosis— E-Rb,  Virch.  Arch.,  1877,  Ixx.; 
Charcot,  Lect.,  2nd  ser.,  Syd.  Soc,  1881;  Flechsig,  Ueber  Systemerkr.  im  Riicken- 
mark,  1878;  Dbeschfeld,  Brit.  Med.  Jour.,  1881;  Minkowski,  (Syphilis  as  cause) 
D.  Ai-ch.  f.  klin.  Med.,  1884.  Poliomyelitis  anterior— Bamtubz  at  Rilliet,  Trait6  des 
malad.  de  I'enfance,  1863;  Ddchenne,  De  la  paral.  atroph.  graisseuse  de  I'enfance, 
1864;  B.\RLOW,  On  regressive  paralysis,  1878;  Chaecot,  Lect.,  Syd.  Soc.  transl.,1881 ; 
Drumhond,  Brain,  April,  1885;  Turner,  Path,  trans.,  1879,  xxx.  202;  Volkmann, 
Clinical  lectures,  Syd.  Soc,  trans.  1876.  Landry's  paraZ?/si.s— Landby,  Gaz.Heb- 
dom,  1859 ;  Habley  and  Lockhart  Clarke,  Lancet,  1868 ;  Westphal,  Arch,  f .  Psych., 
vi.;  V.  d.  Welden,  Deutsch.  Arch.  f.  kUn.  Med.,  xix.  Progressive  muscular  atrophy 
—Sir  Chas.  Bell,  Nei-vous  system  of  human  body,  1830 ;  Aran,  Arch.  g6n.  de  m6d., 
1850 ;  Cruveilhier,  do.,  1853 ;  Lockhart  Clarke,  Brit,  and  for.  med.  chir.  review, 
1862,  Med.  chir.  trans,  1866,  1867,  and  1868  ;  Fbiedeeich,  Progress.  Muskelatrophie, 
1874 ;  EoBERTs,  Wasting  palsy,  in  Eeynold's  Syst.  of  med.,  1868 ;  ChaecOt,  loc.  cit. ; 
GowEBS,  loc.  cit.  Bulbar  paralysis— DvcBSNm,  Arch.  g6n.,  1860 ;  Teousseau,  Clin, 
lect.,  Syd.  Soc.  transl.,  1868,  vol.  i.;  Wachsmuth,  Ueber  progr.  Bulbiirparalyse,  1864; 
Leyden,  Arch.  f.  Psych.,  1870  and  1872  ;  Charcot,  loc.  cit. ;  Ktjssmatjl,  in  Chn.  lect., 
Syd.  Soc.  transl.,  1876.  Pseudo-Mjpertrophic  paralysis— Bejsl,  loc.  cit. ;  Paeteidge, 
Med.  Gazette,  1847;  Duchenne,  De  I'^lect.  loc,  1865,  and  Arch.  g6n.,  1868;  Adams, 
Path,  trans,  1868,  xix. ;  Oed,  Med.  chir.  trans.,  Ivii.  and  Ix. ;  Davidson,  Glas.  Med. 
Jour.,  1872  ;  Macphail,  ibid.,  1882  ;  Middleton,  ibid,  xxii.,  1884;  Goodeidge,  Brain, 
1882 ;  GowEBS,  loc.  cit.,  and  Pseudo-hypertrophic  muse  paral.,  1879. 
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,  SECTION  III,— Continued 
C— THE  ENCEPHALON 

C.  The  Encephalon.— Anatomical  Intkoduction,  arrangement  of  fibres  arid 
centres.  Functions  of  convolutions.  Arteries  of  brain.  I.  Malformations.  1. 
Congenital  smallness,  microcephalus ;  2.  hypertrophy;  3.  heterotopia.  II.  In- 
juries ;  Laceration  of  brain.  III.  Lesions  affecting  the  Circulation. 
1.  Byperaimia,  anaimia,  and  oedema.  2.  Occlusion  of  arteries;  by  embolism  or 
thrombosis;  effects,  including  Softening  of  the  brain  substance;  occlusion  in 
chorea;  3.  Thrombosis  of  the  cerebral  sinuses.    IV.  Cerebral  Hemorrhage. 

1.  From  large  arteries,  chiefly  due  to  aneurysm,  sometimes  to  atheroma;  influence 
of  increase  of  blood-pressure.  2.  From  nutrient  arteries,  may  be  from  miliary 
aneurysms  or  atheroma.  3.  From  capillaries,  chiefly  complicating  other  forms. 
Appearances  in  hmmorrhage,  and  results;  the  apoplectic  cicatrix  and  cyst. 
V.  Inflammation.    1.  Acute  localized  encephalitis,  chiefly  abscess  of  the  brain. 

2.  Chronic  localized  encephalitis.  3.  Diffuse  encephalitis,  (a)  in  fevers,  (b)  in 
dementia  paralytica,  (c)  in  hydrophobia,  (d)  in  tetanus.  VI.  Atrophy  and 
Degenerations.  Senile  atrophy  and  other  forms;  secondary  degeneratiom. 
VII.  Tuberculosis  and  Syphilis.  1.  The  tubercular  tumour.  2.  Syphilis  of 
brain  and  membranes  ;  disease  of  arteries  may  lead  to  softening.  VIII.  Tumours 
AND  Parasites,  chiefly  glioma  and  sarcoma. 


Anatomical  Introduction.— In  the  encephalon  the  course  of  the  fibres  is  even  more 
important  than  in  the  spinal  cord  and  medulla,  as  they  are  Hable  to  be  interrupted 
in  a  more  isolated  fashion.  It  is  of  great  consequence  that  the  pathologist  should 
have  an  acquaintance  with  the  general  relations  of  parts  so  as  to  identify  the  position 
of  lesions.  In  this  section  nothing  more  is  attempted  than  to  indicate  these  general 
relations,  the  more  intricate  particulars  being  left  to  the  special  works  on  anatomy. 
In  the  actual  work  of  post-mortem  examination,  it  is  important  to  note  the  exact 
locality  of  lesions  on  the  spot.  To  assist  in  this,  tracings  may  be  made  of  the  figures 
which  accompany  this  section,  or  of  similar  ones,  the  position  of  the  lesions  being 
entered  in  shading. 

In  the  medulla  oblongata,  as  we  have  seen,  motor  fibres,  which  have  been  in  the 
lateral  columns  of  the  cord,  come  forward  and  form  the  anterior  pyramids,  in  which 
they  decussate.  The  sensory  fibres  are  now  behind,  and  they  remain  posterior  to  the 
motor  in  all  the  succeeding  parts.  In  the  Pons  varolii  (Fig.  216)  the  motor  fibres  are 
in  front,  forming  bundles,  as  shown  in  lower  half  of  figure,  but  overlaid  by  the  trans- 
verse fibres  from  the  cerebellum.  Besides  these  fibres,  which  are  mainly  in  the 
anterior  half  of  the  pons,  there  are  grey  nuclei  (shown  in  figure),  which  continue  up 
the  series  which  lie  in  the  medulla  oblongata  in  the  floor  of  the  fourth  ventricle.  In 
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the  pons  the  principal  nuclei  are  those  of  the  sixth  and  facial,  the  motor  and  sensory 
roots  of  the  fifth,  and  one  of  the  nuclei  of  the  auditory  nerve.  It  is  to  be  remembered 
also  that  the  fibres  of  these  nerves  in  part  at  least  traverse  the  pons,  and  are  liable 
to  be  involved  by  a  lesion,  even  when  the  nuclei  are  not  reached. 


Fig.  216. — Pons  varolii.  In  lower  half  the  transverse  section  of  nerve 
bundles  continued  upvfards  from  the  cord  is  seen,  the  pyramidal  tract 
being  in  front  (or  lower  in  figure).  The  Eoman  numerals  and  letters 
indicate  the  nuclei  of  cerebral  nerves.  (Quain.) 


In  the  Crura  cerebri,  or  cerebral  peduncles,  the  motor  fibres  are  in  front  and 
internal,  forming  the  greater  part  of  the  crusta.  Sensory  fibres  occupy  about  the 
external  fourth  of  the  crusta.  Behind  the  crusta  is  the  locus  niger,  behind  which 
again  is  the  tegmentum,  containing  a  rather  complex  mass  of  fibres  and  grey  matter. 

Above  the  crura  the  fibres  are  continued  upwards,  the  motor  still  anterior  and  the 
sensory  posterior  in  the  mass  of  white  substance  called  the  Internal  capsule.  It  is 
here  necessary  to  be  somewhat  more  minute  in  the  description  of  the  relation  of 
the  structures,  as  these  relations  are  of  great  importance.  When  one  of  the  lateral 
ventricles  of  the  brain  is  opened,  certain  masses  of  grey  nervous  tissue  are  seen  in 
its  .floor.  In  front  there  is  a  long  brown  prominence,  rounded  anteriorly,  and 
tailed  behind.  This  is  the  Nucleus  caudatus,  which  is  often  designated  the  coi-pus 
striatum,  although  really  only  one  piece  of  it.  Behind  the  nucleus  caudatus  is  the 
Optic  thalamus  which  is  more  bulky  and  rounded.  It  is  to  be  remembered  that  in 
opening  the  lateral  ventricle  almost  no  nerve  fibres  need  to  be  cut  except  the  com- 
missural ones  of  the  coi-pus  callosum.  The  great  masses  of  nerve  fibres  passing  up- 
wards are  as  it  were  pushed  outwards  by  the  lateral  ventricle,  and  we  have  to  cut 
into  its  floor  in  order  to  reach  them. 

From  the  accompanying  figure,  which  represents  a  horizontal  section  of  the  brain 
just  below  the  floor  of  the  lateral  ventricle,  the  relations  of  parts  may  be  gathered 
(Fig.  217).  Beneath  and  outside  the  nucleus  caudatus  (NC),  and  continuous  above 
and  externally  with  the  great  central  white  substance  of  the  hemispheres, 
the  corona  radiata,  there  is  a  mass  of  white  substance.  This  is  the  Internal 
capsule  in  which  may  be  distinguished  an  anterior  division  IK',  a  posterior  division 
JK,  and  a  middle  part,  the  knee  K.  To  the  outside  of  and  beneath  the  internal 
capsule  lies  a  mass  of  grey  substance,  the  Nucleus  lenticularis  {LN),  which  on 
section  has  a  triangular  shape  with  the  base  turned  outwards,  and  is  seen  to  be 
divided  into  three  pieces  (shown  on  right  side).    It  is  generally  regarded  as  a  part 
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of  the  corpus  striatum  and  motor  in  function.  The  nucleus  lenticularis  extends  a 
considerable  distance  from  before  backwards,  and  in  its  posterior  parts  the  internal 
capsule  {IK')  lies  between  it  and  the  optic  thalamus,  which  has  now  largely  taken  the 
place  of  the  nucleus  caudatus.  Outside  the  nucleus  lenticularis  there  is  a  narrow  band 
of  white  substance  (EK),  the  External  capsule,  the  capsules  being  named  fromTtheir 
relation  to  the  nucleus  lenticularis.  Outside  the  external  capsule  again  and  fclose 
to  the  convolutions  (here  the  Island  of  Eeil)  there  is  a  narrow  band  of  grey'  sub- 


Fig  217.— Horizontal  section  of  brain  of  a  child  nine  months  old,  the  right  side  at  a 
somewhat  lower  level  than  the  left.  F,  frontal ;  TS,  tomporo-sphenoidal ;  and  0,  occipi- 
tal  lobes  ;  Op,  operculum  ;  In,  island  of  Reil ;  Cls,  olaustrum  ;  third  frontal  convulu- 
thalamus  ;  NO,  nucleus  caudatus  ;  NC,  tail  of  same  ;  LN,  nucleus  lenticularis  • 
j'J  '  '  .^'^  ^'■st.  second,  and  third  divisions;  IK,  internal  capsule,  posterior  division 
Ih  ,  anterior  division,  and  k,  kneo  ;  ah  and  ph,  anterior  and  posterior  horns  of  left  lateral 
ventricle ;  r/cc,  knee  of  corpus  callosum  ;  sp,  splonium  ;  mc,  middle  commissure ;  /,  fornix  • 
si,  septum  lucidum  ;  a,  cornu  Ammonis.    (Ross  from  Flechsiq.)  ' 

Stance  (Cls),  which  is  fancifully  compared  to  a  tape- worm,  and  is  called  the  Nucleus 
t89ni£8formis  or  Claustrum.  The  anterior  parts  of  the  internal  capsule  contain 
motor  fibres,  and  the  posterior  sensory ;  it  is  generally  said  that  the  anterior  two 
thirds  are  motor,  and  the  posterior  third  sensory. 

It  is  to  be  remembered  that  the  three  nuclei  we  have  referred  to,  the  nucleus 
caudatus,  nucleus  lenticularis,  and  thalamus  opticus,  receive  fibres  from  and  give 
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fibres  to  the  internal  capsule.  There  are  fibres  passing  upwards  to  the  convolutions 
and  others  downwards  to  the  lower  centres.  It  has  been  said  by  some  that  all  the 
fibres  from  the  convolutions  pass  into  the  basal  ganglia,  in  which  case  all  the  fibres 
of  the  internal  capsule  would  end  or  begin  in  these  nuclei,  but  there  is  no  proper 
foundation  for  this  view. 

Passing  upwards,  the  fibres  of  the  internal  capsule  are  continued  into  the  Corona 
radiata  or  centrum  ovale,  containing  the  white  substance  of  the  hemisp*heres,  and  it 
may  be  stated  generally  that  in  the  corona  radiata  motor  fibres  are  anterior  and 
sensory  posterior.  But  besides  these  fibres  there  are  multitudes  which  form  com- 
munications between  one  part  of  the  convolutions  and  another,  and  altogether  the 
connections  here  are  very  comj)licated. 

The  Cerebral  convolutions  and  their  arrangement  may  be  studied  in  Ecker's  work, 
where  the  descriptions  are  very  clear. 

If  the  lateral  aspect  of  one  of  the  cerebral  hemispheres  be  examined  (see  Fig.  218), 
two  great  landmarks  should  first  be  made  out;  these  are  the  fissure  of  Sylvius  {SSS)^ 
and  the  fissure  of  Eolando  {BH).  There  is  no  difficulty  with  the  Fissure  of  Sylvius 
of  which  the  main  or  transverse  arm  is  perfectly  distinct,  while  its  short  ascending 
arm  near  the  front  is  easy  to  make  out.  The  Fissure  of  Eolando  passes  obliquely 
forward  from  above  downwards  through  the  middle  of  the  lateral  aspect  of  the 
hemisphere,  not  reaching  the  longitudinal  fissure  above,  or  the  fissure  of  Sylvius- 
below.  This  fissm-e  can  usually  be  recognized  by  the  fact  that  it  is  bounded  by  or 
lies  between  two  convolutions  which  extend  side  by  side  upwards  and  backwards 
from  the  fissure  of  Sylvius  (A,  A,  A  and  B,  B). 

Having  distinguished  these  two  fissures  the  various  lobes  of  the  brain  may  now  be 
determined.  All  in  front  of  the  fissure  of  Eolando,  and  above  the  fissure  of  Sylvius, 
is  Frontal  lobe.  The  Parietal  lobe  Ues  behind  the  fissure  of  Eolando,  and  its 
posterior  extremity  is  bounded  by  a  fissure  which  is  best  seen  on  the  inner  face  of 
the  hemisphere,  the  parieto-occipital  fissure.    This  fissure,  beginning  about  the 


Fig.  218. — Left  lateral  aspect  of  cerebrum.   Explanation  in  text.  (Quain.) 


edge  of  the  great  median  fissure,  passes  downwards  and  forwards  on  the  inner  face 
of  the  hemisphere  (par.  occ.  f.  Fig.  219).  Behind  this  is  the  Occipital  lobe.  The 
remaining  lobe  is  the  Temporo-sphenoidal  which  lies  below  the  fissure  of  Sylvius 
and  extends  backwards  to  meet  the  occipital  lobe  from  which  it  is  indefinitely 
distinguished. 

2  M 
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Of  the  convolutions  the  easiest  to  determine  are  those  bounding  the  fissure  of 
Bolando,  one  of  which  belongs  to  the  frontal  and  the  other  to  the  parietal  lobe ;  these 
are  called  the  Ascending  frontal  and  Ascending  parietal  convolutions  respectively. 
In  front  of  the  ascending  frontal,  the  frontal  lobe  presents  three  layers  of  convolu- 
tions (a,  a',  and  a")  which  lie  transversely  and  pass  by  their  posterior  extremities 
into  the  ascending  frontal.  These  Transverse  frontal  convolutions  are  distinguished 
as  the  first,  second,  third,  or  superior,  middle,  and  inferior.  It  is  not  to  be 
supposed  that  these  are  single  simple  convolutions,  they  are  rather  layers  or  strata 
of  convolutions.  The  inferior  (a")  is  a  very  important  one,  and  it  can  generally  be 
easily  recognized  as  it  curves  round  the  short  ascending  branch  of  the  fissure  of 
Sylvius  (.s).  After  curving  round  this  branch  it  becomes  continuous  with  the  lower 
end  of  the  ascending  frontal.  At  this  point  the  two  convolutions  form  a  somewhat 
triangular  piece,  and  as  this  lies  over  and  partially  covers  the  island  of  Eeil,  it  is 
often  called  the  Operculum  (in  the  position  of  a;  ^  in  Fig.  218).  In  addition  to  these 
we  have  still  in  the  frontal  lobe  the  Supraorbital  convolutions  (a*)  which  have  no 
arrangement  that  needs  to  be  detailed. 

In  the  parietal  lobe  the  Ascending  parietal  convolution  {B,  B)  is  already  known. 
Another  easily  recognized  one  is  that  which  lies  immediately  above  the  fissure  of 
Sylvius  and  is  called  the  Supramarginal  convolution.  The  posterior  portion  of  this 
convolution  curves  round  the  upper  end  of  the  fissure  of  Sylvius,  and  as  it  turns  thus 
round  an  angle  it  is  often  called  the  angular  gyrus  (&",  V"),  and  is  important,  as  Ferrier 
has  supposed  it  to  be  the  seat  of  the  sense  of  sight.  The  rest  of  the  parietal  lobe  is 
divided  into  an  upper  and  a  lower  portion  by  a  longitudinally  placed  fissure  which  is 
often  not  very  distinct,  the  intra-parietal  fissure,  which  arises  close  to  the  fissure  of 
Sylvius  behind  the  fissure  of  Eolando  to  which  it  at  first  lies  parallel,  and  then  passes 
backwards.  The  lobe  is  thus  divided  into  the  Superior  and  Inferior  parietal  lobules, 
the  former  being  continuous  in  front  with  the  ascending  parietal  convolution. 


Fig.  2iO.— Intcruul  aspect  of  right  cerebral  hemisphere.    Explanntion  iu  text.  (Qdain.) 

In  the  Occipital  lobe,  looking  at  the  lateral  aspect.  Three  transverse  layers  of  con- 
volutions can  be  distinguished.  These  are  named  as  in  the  frontal  lobe,  first,  second 
and  third,  or  superior,  middle  and  inferior  [d,  d',  d").  On  the  under  or  basal  surface 
there  are  two  further  layers  which  are  continuous  in  front  with  those  of  the  temporo- 
spendidal  lobe  and  are  named  in  common  mth  them  inferior  occipito-temporal  con- 
volutions. 
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The  temporo-sphenoidal  lobe  presents  on  its  lateral  surface  again  Three  transverse 
convolutions,  superior,  middle,  and  inferior  (c,  c',  c") ;  the  superior,  bounding  the 
fissure  of  Sylvius  and  also  called  Infra-marginal,  is  continuous  with  the  angular 
gyrus.  The  remaining  two  sets  on  the  basal  surface  have  been  already  mentioned  as 
forming,  with  those  of  the  occipital  lobe,  the  inferior  occipito-temporal  convolutions. 

On  examining  the  Internal  aspect  of  the  cerebral  hemisphere  (Fig.  219)  certain 
convolutions  are  to  be  distinguished.  The  superior  frontal  convolution  and  the  as- 
cending frontal  and  parietal  convolutions  are  here  partly  visible.  More  distinctly  on 
the  internal  surface  we  distinguish  in  front  the  Marginal  convolution  (marg.  c.)  which 
is  continuous  with  the  superior  frontal  and  lies  along  the  superior  longitudinal  fissure. 
Immediately  behind  this  convolution  we  come  to  the  superior  parietal  lobule  which, 
on  its  mesial  surface,  is  called  the  Prseouneus  or  Quadrate  lobe  (see  figure).  The 
parieto-occipital  fissure  is  here  very  marked,  and  it  is  joined  at  an  angle  by  the  cal- 
carine  fissure  {calc.  /.)  in  such  a  way  as  to  demarcate  a  triangular  surface,  the 
Cuneus  (cuneate  I.).  On  this  aspect  also  appear  the  inferior  occipito-temporal  con- 
volutions (i.  oc.-lemp.  c).  Within  this  external  ring  of  convolutions  we  have  now  a 
deeper  layer.  Immediately  bordering  on  the  cori^us  callosum  and  following  the 
fornix  we  trace  from  before  backwards  the  Gyrus  fornicatus.  Having  slurted  the 
coi-pus  callosum  from  before  backwards  it  turns  round  at  its  posterior  extremity,  and 
passes  downwards  into  the  Gyrus  hippocampi.  This  gyrus  is  also  continuous  with  the 
gyrus  cunei  and  the  median  occipito-temporal.  The  gyrus  hippocampi  passes  for- 
ward towards  the  anterior  extremity  of  the  temporo-sphenoidal  lobe  where  it  termin- 
ates in  a  hook-hke  curve,  the  Gyrus  uncinatus  {unc.  c). 

In  the  cornu  Ammonis  of  the  lateral  ventricle  there  lies  a  convolution  whose  sur- 
face is  turned  inwards  and  forms  an  elongated  rounded  projection  in  the  cornu ;  this 
is  the  Gyrus  dentatus  {cl.  c). 

Functions  of  the  convolutions. — The  localization  of  function  in  the  cortex  of  the 
brain  is  of  so  much  practical  importance  that  it  is  well,  when  opportunity  offers,  to 
familiarize  the  mind  vnth  the  topography  of  the  convolutions  in  relation  to  function. 

The  cerebellum. — There  are  only  a  few  points  which  require  notice  here  as  to  the 
general  arrangements  of  the  parts  in  the  cerebellum.  Like  the  cerebrum  it  is 
divisible  into  two  lateral  hemispheres,  the  right  and  left  lobes.  These  are  united  by 
a  central  piece,  which  is  most  marked  on  the  under  surface,  called  the  vermiform 
process.  The  cerebellum  is  divided  by  many  fissures  which  run  horizontally  and 
leave  narrow  convolutions  called  the  Folia.  One  of  these  fissures,  deeper  than  the 
rest,  and  called  the  great  horizontal  fissure,  divides  the  cerebellum  into  an  upper  and 
a  lower  portion.  In  its  internal  structure  it  presents  white  matter  which  runs  out- 
wards from  the  peduncles  diverging  towards  the  folia  and  forming  a  tree-like  expan- 
sion, the  Arbor  vitse.  In  the  midst  of  the  white  substance  in  each  hemisphere  there 
is  a  small  grey  nucleus,  not  unlike  the  olivary  body,  called  the  Corpus  dentatum. 

Arteries  of  the  brain.— With  a  view  to  the  identification  of  the  numerous  lesions  of 
the  arteries  in  the  brain,  it  will  be  proper  here  to  refer  briefly  to  the  distribution  of 
these  vessels.  The  Circle  of  Willis  gives  off  at  the  base  three  main  arteries  to  the 
brain,  the  posterior,  middle,  and  anterior  cerebral.  The  Posterior  cerebral  artery, 
besides  giving  certain  central  branches  to  be  afterwards  referred  to,  is  distributed  on 
the  surface  of  the  brain,  supplying  the  greater  part  of  the  occipital  and  temporo- 
sphenoidal  lobes  with  the  exception  of  the  upper  temporo-sphenoidal  convolution. 
The  Middle  cerebral  artery,  or  the  artery  of  the  fissure  of  Sylvius,  is  of  great  import- 
ance as  being  much  more  frequently  the  seat  of  lesion  than  the  others.  Besides  its 
central  branches,  afterwards  considered,  it  supplies  the  middle  district  of  the  brain 
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all  round  the  fissure  of  Sylvius,  including  the  parietal  lobe,  the  posterior  parts  of 

the  frontal  lobe,  and  the 
superior  convolution  of  the 
temporo-sphenoidal  lobe.  The 
Anterior  cerebral  artery  is  dis- 
tributed to  the  anterior  parts 
of  the  frontal  lobe. 

These  arteries,  with  the 
exception  of  their  central 
branches,  run  in  the  sulci  of 
the  convolutions,  and  divide 
into  successive  orders  of 
branches  which  he  in  the  pia 
mater.  The  larger  branches 
anastomose  sparely,  while  the 
finer  twigs  are  end-arteries 
(Duret).  All  the  arteries  hith- 
erto considered  run  on  the 
surface  of  the  brain  in  the 
soft  membranes.  The  actual 
nutrient  arteries  are  bran- 
ches of  these,  and  penetrate 
from  them  into  the  substance 
of  the  brain.  We  may  thus 
distinguish  the  larger  arter- 
ies of  the  surface  and  the  smaller  or  nutrient  arteries. 

The  Nutrient  arteries  again  are  divisible  into  two  groups,  which  may  be  designated 
the  cortical  and  central  systems. 

The  Nutrient  arteries  of  the  cortex  pass  off  not  merely  from  the  finer  twigs  of  the 
larger  arteries,  but  also  from  the  larger  branches  (see  Fig.  220).  They  are  fine 
thread-like  vessels  which  pass  down  perpendicularly  into  the  brain  substance.  Some 
of  them  are  short  and  supply  the  grey  substance  of  the  convolutions,  others  are 
longer  and  reach  the  white  substance,  their  territory  here  extending  to  the  boimdaries 
of  that  of  the  central  arteries.  In  stripping  the  membranes  from  the  surface  of  the 
brain  these  nutrient  arteries  are  seen  like  fine  hairs  emerging  from  the  brain  sub- 
stance. If  a  portion  of  the  soft  membranes  be  now  floated  in  water  these  fine  vessels 
will  be  seen  Uke  bristles  passing  from  all  the  branches.  All  the  nutrient  arteries 
are  end-arteries. 

The  Central  nutrient  arteries  have  a  somewhat  different  arrangement  from  those  of 
the  cortex.  They  are  long  vessels  of  larger  calibre  than  the  cortical  ones,  and  they 
pass  off  from  the  main  arteries  very  near  their  origin.  The  most  imj^ortant  are 
those  which  come  off  from  the  middle  cerebral  just  outside  its  origin  and  pass 
through  the  anterior  perforated  space  to  the  basal  ganglia.  Of  these,  three  sets  of 
branches  have  been  distinguished  :  (1)  the  lenticular  branches,  short  twigs  lying  in- 
ternally which  pass  to  the  internal  parts  of  the  lenticular  nucleus  ;  (2)  the  lenticulo- 
siriate  branch,  a  longer  and  larger  vessel  which  lies  outside  the  first  and  supplies 
the  outer  parts  of  the  lenticular  nucleus  and  adjoining  parts  of  the  internal  capsule 
and  caudate  nucleus  ;  this  branch  is  most  frequently  the  seat  of  hajmorrhage ;  (3) 
the  lenticulo-optic  branch  is  posterior  to  the  former  and  supplies  the  posterior  part 
of  the  lenticular  nucleus  and  the  anterior  part  of  the  optic  thalamus.    The  remain- 
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ing  central  branches  are  supplied  by  the  anterior  and  posterior  cerebral  arteries.  The 
former  sends  branches  which  supply  the  anterior  part  of  the  caudate  nucleus,  and 
the  latter  sends  two  sets,  an  internal  and  an  external,  to  the  optic  thalamus.  All 
these  central  arteries  are  end-arteries. 

The  arteries  of  the  pons  and  medulla  oblongata  are  like  the  cortical  arteries  in 
their  small  size  and  like  the  central  ones  in  respect  that  they  come  off  from  large 
stems,  and  pass  directly  into  the  substance  of  the  part. 


I.— MALFOEMATIONS  OP  THE  BEAIN. 
The  more  considerable  of  these  have  been  considered  in  the  section 
on  general  malformations.  The  principal  forms  are  anencephalus  accom- 
panied by  acrania  or  crcmioschisis,  encephalocele  and  cyclopia.  The 
relation  of  these  to  dropsy  of  the  ventricles  of  the  brain  (hydrocephalus) 
has  also  been  referred  to.  It  has  been  pointed  out  that  hydrocephalus 
occurring  at  an  early  period  leads  to  these  serious  malformations,  which 
are  incompatible  with  life.  But  hydrocephalus  sometimes  occurs  at  a 
later  period,  and  the  child  is  born  with  a  congenital  hydrocephalus,  which 
is  itself  sometimes  regarded  as  a  malformation.  It  will  be  taken  up, 
however,  along  with  the  other  forms  of  hydrocephalus. 

1.  Congenital  smallness  or  Aplasia  of  the  brain.— This  may  affect 
the  brain  as  a  whole  or  parts  of  it. 

Micrencephalus  signifies  a  general  smallness  of  the  brain,  which  is 
usually  associated  with  Microcephalus  or  smallness  of  the  head,  the 
latter  term,  being  frequently  used  as  synonymous  with  the  former. 
The  defect  usually  concerns  the  cerebrum  chiefly,  although  other  parts 
may  also  be  involved.    The  brain  may  be  defective  in  structure  as 
well  as  in  size,  the  convolutions  being  small,  irregular  or  defective. 
The  aff"ection  may  be  due  in  some  cases  to  a  simple  defect  in  formative 
power  in  the  cerebral  matter,  but  it  results  sometimes  from  more 
definite  pathological  conditions  in  the  foetus.    Thus  there  are  cases  in 
which  it  co-exists  with  hydrocephalus.    In  these  the  size  of  the  head 
may  not  be  diminished,  but  that  of  the  brain  may  be  seriously  so. 
Ahlfeld,  again,  ascribes  many  cases  of  micrencephalus  where  there  is  no 
existing  hydrocephalus  to  a  dropsy  at  an  earlier  period.  Premature 
union  (synostosis)  of  the  cranial  sutures  and  synchondrosis  of  the  basal 
bones  have  been  assigned  as  a  cause  of  microcephalus  (see  p.  455). 
The  cranium  cannot  expand  and  the  brain  remains  small.  Again, 
thickenings  of  the  pia  mater  sometimes  co-exist,  and  this  indicates  an 
early  inflammation  as  the  probable  cause  of  the  defect  in  the  brain. 
Any  considerable  degree  of  micrencephalus  is  accompanied  by  idiocy. 

The  average  weight  of  the  entire  encephalon  in  the  adult  is  about  50^  ounces  in 
the  male  and  442-  in  the  female,  the  weight  ranging  from  about  43  to  60  ounces  in 
the  male,  and  40  to  50  in  the  female,  although  there  are  exceptional  cases  both  below 
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and  above  that  range.  The  average  weight  of  the  cerebellum  is  5J  ounces  in  the 
male  and  4f  ounces  in  the  female,  that  of  the  pons  and  medulla  oblongata  is  about  1 
ounce  in  the  male,  and  the  same  in  the  female.    (See  further  in  Quain's  Anatomy.) 

Parts  of  the  brain  are  sometimes  congenitally  small.  The  convolu- 
tions may  be  imperfectly  formed,  or  there  may  be  asymmetry  of  the 
hemispheres.  The  cerebellum  is  also  not  infrequently  imperfect.  It 
may  be  as  small  as  a  walnut,  or  present  various  degrees  of  defect. 

In  a  case  reported  by  Fraser  (Glasg.  Med.  Jour.,  xiii.,  1880)  there  was  a  con- 
genital ataxia  which  was  found  after  death  to  be  due  to  smalhiess  of  the  cerebellum 
(2^  ounces).  Similar  symptoms  existed  in  a  sister,  who  was  presumably  aSected 
with  the  same  defect. 

2.  Hypertrophy  of  the  brain. — This  is  a  condition  rarely  observed, 
but  occasionally,  without  any  hydrocephalus,  a  child  is  born  with  an  un- 
usually large  encephalon.  There  are  also  cases  in  which  in  later  life,  a 
hypertrophy  of  the  brain  takes  place,  sometimes  acute,  sometimes 
chronic. 

3.  Heterotopia  of  the  brain  substance.— Certain  cases  of  Hernia 
cerebri,  in  which  there  is  no  hydrocephalus,  are  regarded  as  belonging  to 
this  class.  Sometimes  also  masses  of  grey  substance  are  met  with  in 
abnormal  situations,  as  in  the  midst  of  the  corona  radiata.  Some  of 
these  cases  may  really  be  tumours  of  the  brain,  but  they  are  congenital, 
and  due  to  errors  in  development. 

Porenoephalus  is  a  term  used  for  defects  of  the  brain  in  the  form  of  gaps  in  the 
superficial  parts  penetrating  more  or  less  deeply  into  the  cerebral  substance,  some- 
times as  deeply  as  the  ventricles.  The  gaps  are  occupied  by  the  oedematous  mem- 
branes. The  lesion  is  ascribed  to  inflammation  occurring  in  the  fojtus.  There 
may  be  associated  with  it  a  congenital  paralysis  and  atrophy  of  parts  corre- 
sponding with  the  lesion  in  the  brain. 

In  cases  of  Idiocy  there  is  defect  of  the  brain,  but  it  may  be  in  various  forms. 
There  may  be  micrencephalus  or  congenital  hydrocephalus,  or  pai-tial  defects. 
There  may  be  little  beyond  some  traces  of  inflammation  in  the  membranes. 
Similarly  Cretinism,  which  is  endemic  in  some  localities  and  is  usually  associated 
with  goitre,  is  related  to  various  lesions  of  the  brain.  In  this  condition,  however, 
the  defect  in  the  brain  seems  to  depend  on  the  condition  of-  the  bones.  The  skele- 
ton as  a  whole  is  stunted  and  deformed,  and  the  bones  of  the  skull  show  premature 
synostosis  and  synchondrosis,  so  that  the  elongation  of  the  basal  parts  and  expan- 
sion of  .the  vault  are  variously  hmdered,  the  brain  being  correspondingly  defective. 

Literature.— For  greater  defects  see  under  Malformations.  Micrencephalus— 
ViBCHow,  Gesam.  Abhand.,  185G,  p.  891 ;  Hii'zia  in  Ziemssen's  Encyclopajdia 
(with  literature) ;  Aeby,  Mikrocephalie  and  Atavismus,  1878.  Defect  of  cerebellum 
—Fkasek,  Glas.  Med.  Jour,  xiii.,  1880;  Gould,  Path,  trans.,  xxxiii.  6;  Clapton, 
Path,  trans.,  xxxii.  20.  Hyperlro2Ay—B.iTzio,  loc.  cit.;  Virchow,  Ges.  Abhandl., 
1856,  Virch.  Arch.,  xxxiii.;  Lees,  Dubl.  Med.  Jour,  xxii.,  1842 ;  Tuke,  Jour,  of  Anat. 
andPhys.,  xii.,  1873;  Landousy,  Gaz.  m6d.  de  Paris,  No.  xxvi.,  1874.  Hetero- 
<02>ia— HIT55IO,  1.  c;  Viuciiow,  I.  c,  and  Virch.  Arch.,  xxxviii.,  1886;  Meschede, 
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Virch.  Arcli.,  Ivi.,  1872;  Simon,  Virch.  Arch.  Iviii.,  1883.  Porence-phalus — Heschi-, 
Prag.  Vierteljahrschr.,  1868,  and  Jahrb.  f.  Kindereilk,  xv.,  1880;  De  la  Ceoix, 
Virch.  Aixh.  xcvii.  ;  Binswangeb,  do.,  cii. 

n.— TEAUMATIC  LESIONS  OF  THE  BEAIN. 

Laceration  of  the  brain. — The  brain  may  be  injured  directly  or 
indirectly.  In  injuries  involving  fracture  of  the  skull  the  brain  is  often 
simultaneously  wounded,  or  the  bone  may  be  carried  downwards  and 
ioapinge  upon  the  brain.  On  the  other  hand,  the  brain  is  often  lacer- 
ated without  a  corresponding  external  wound  or  fracture  of  the  skull, 
by  so-called  contre  coup.  In  falling  from  a  height,  if  the  head  come 
suddenly  against  the  ground  the  solid  skull  will  be  simultaneously 
arrested,  while  the  soft  brain  substance  may  expend  its  force  against 
the  internal  surface  of  the  cranium,  and  so  be  greatly  lacerated.  The 
point  of  injury  to  the  brain  will  be  on  the  opposite  part  of  the  head  to 
that  which  struck  the  ground,  and  there  may  be  a  wound  or  fracture 
at  the  latter. 

The  lacerated  brain  substance  is  torn  and  softened  and  there  is  more 
or  less  haemorrhage.  The  haemorrhage  may  be  important  if  any  con- 
siderable vessel  in  the  meninges  be  injured,  but  is  not  usually  great 
from  the  brain  substance  itself.  The  injured  parts  are  afterwards 
affected  by  inflammation,  which  in  the  case  of  comjDound  fracture  with 
a  septic  wound  may  be  acute,  leading  to  abscess,  but  in  most  cases  is 
chronic.  Such  chronic  inflammations,  affecting  brain  and  meninges,  may 
persist  for  long  periods,  even  enlarging  their  area  and  producing  ex- 
tensive destruction  and  shrinking  of  the  cerebral  substance.  In  the 
affected  part  the  membranes  will  be  adherent  and  thickened,  and  the 
brain  substance  indurated  by  new-formed  connective  tissue.  Impor- 
tant nervous  and  mental  phenomena  may  follow  such  lesions  even  when 
the  injury  to  the  head  has  not  been  great. 

III.— LESIONS  AFFECTING  THE  CIRCULATION  IN  THE  BEAIN. 

These  conditions  are  somewhat  variously  associated  with  each  other 
and  with  lesions  of  other  kinds.  They  mostly  imply  local  or  general 
alterations  in  the  volume  of  the  blood  and  lymphatic  fluid  in  the  brain, 
and  such  alterations  have  somewhat  complex  relations,  chiefly  arising 
from  the  fact  that  the  skull,  in  the  adult  at  least,  is  a  closed  cavity  ynth. 
rigid  walls,  whose  contents  as  a  whole  are  scarcely  capable  of  variation, 
although  the  fluid  constituents  are  variously  interchangeable. 

1.  Hypersemia,  Anaemia  and  (Edema. — Hypersemia  in  the  brain,  as 
elsewhere,  is  divisible  into  active  and  passive.  Active  hypersemia 
occurs  generally  or  locally  in  consequence  of  hypertrophy  or  over-action 
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of  the  heart,  especially  when  the  arteries  are  atheromatous  and  unable 
to  control  the  circulation.  It  also  occurs  in  inflammations  of  the  brain 
or  meninges,  and  in  various  conditions  of  excitement  of  the  brain,  as 
the  delirium  of  fevers,  the  early  stage  of  general  paralysis,  the  typhoid 
stage  of  cholera.  In  these  conditions  it  may  be  regarded  as  an  inflam- 
matory phenomenon. 

Passive  hypersemia  results  most  directly  from  thrombosis  of  the 
cerebral  sinuses,  but  is  also  an  occasional  consequence  of  pressure  on  the 
jugular  veins,  or  of  disease  of  the  heart  or  lungs  leading  to  general 
venous  engorgement. 

The  appearances  visible  after  death  are  frequently  very  insignificant, 
especially  in  active  hyjjersemia,  whose  existence  is  usually  matter  of 
inference  rather  than  of  observation.  The  overfilling  of  the  vessels  is 
most  visible  in  the  meninges,  but  there  may  be  also  a  deepened  colour 
of  the  convolutions,  and  the  venous  stems  in  them  and  in  the  white 
substance  may  be  Adsibly  dilated. 

Anaemia  or  Ischsemia  results  mostly  from  obstruction  of  arteries, 
(see  below).  It  may  also  be  a  consequence  of  general  anaemia,  in  which 
case  it  afi"ects  the  brain  as  a  whole.  It  may  result  from  local  pressure 
on  the  brain  produced  by  tumours,  extravasations  of  blood,  or  inflam- 
matory exudations.  Local  ansemia  in  all  these  cases  is  liable  to  result 
in  softening  of  the  brain  substance. 

ffldema  of  the  brain  is  also  usually  but  a  part  of  some  other  lesion. 
CEdema  of  the  brain  substance  is  a  rare  and  in  many  cases  a  hypotheti- 
cal condition.  The  more  definite  oedemas  affect  the  membranes  and 
cavities,  and  will  be  considered  further  on.  There  is,  however,  an 
occasional  local  oedema  of  the  brain  substance  in  the  neighbourhood  of 
heemorrhages,  tumours,  and  veins  obstructed  by  thrombus,  and  it  is 
also  believed  to  occur  at  the  outset  of  local  inflammations. 

2.  Occlusion  of  arteries. — This  is  a  frequent  and  serious  lesion, 
occurring  mostly  as  a  result  of  embolism  or  thrombosis. 

Embolism  occurs  in  the  great  majority  of  cases  in  connection  -with 
acute  endocarditis  or  valvular  disease  of  the  heart  from  chronic  endo- 
carditis. In  the  former  case  the  embolus  is  a  piece  of  fibrine  broken  oflF 
from  the  inflamed  aortic  or  mitral  valve ;  in  the  latter  case  it  is  mostly 
a  piece  of  calcareous  matter  from  the  indui'ated  and  calcified  curtain. 
Besides,  we  may  have  globular  thrombi  in  the  left  aiu'icle  or  ventricle 
becoming  detached  or  softening,  and  so  giving  rise  to  jjluggiug.  So 
also  may  thrombi  in  the  aorta  become  detached  and  carried  ofi".  Much 
more  rarely  do  emboli  come  from  the  lungs,  but  sometimes  in  gangrene 
of  the  lungs  there  is  a  thrombosis  of  the  veins,  and  from  bits  of  fibrine 
carried  off"  we  may  have  septic  embolism  of  the  brain.    A  cancer  of 
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the  lungs  after  penetrating  into  the  pulmonary  vein  may  produce 
embolism. 

It  is  matter  of  general  observation  that  in  cerebral  embolism  the 
Middle  cerebral  artery  (or  artery  of  the  fissure  of  Sylvius)  is  the 
vessel  plugged  in  the  great  majority  of  cases.  It  is  also  stated  that  the 
left  middle  cerebral  is  more  frequently  the  seat  of  embolism  than  the 
right,  but  this  has  been  doubted  by  competent  observers.  The  fre- 
quency with  which  the  middle  cerebral  is  affected  admits  of  easy 
explanation.  As  the  vertebral  artery  arises  from  the  subclavian  nearly 
at  a  right  angle,  it  is  not  common  for  an  embolus  to  pass  into  it.  But 
the  innominate  and  the  carotid,  being  nearly  in  the  direct  line  of  the 
■current  from  the  aortic  orifice,  readily  receive  any  fragment.  Then 


Fig.  221.— Atheroma,  of  a  small  cerebral  artery  the  eleventh  of  an  inch  in  diameter, 
with  thrombosis.  4,  atheromatous  internal  coat  ;  c,  thrombus  on  its  surface  partially  or- 
ganized. Between  these  two  is  an  irregular  clear  space,  whicli  represents  fresh  blood 
wliich  had  been  insinuated  between  patch  and  thrombus,  d,  remaining  caliljre  filled 
with  blood    X  34. 


again,  the  middle  cerebral  is  the  direct  continuation  of  the  internal 
carotid  and  an  embolus  will  more  readily  sweep  into  it  than  diverge 
forward  or  backward.  It  is  important  here  to  bear  in  mind  that  the 
middle  cerebral  supplies  the  greater  part  of  the  basal  ganglia,  including 
nearly  the  whole  of  the  corpus  striatum  and  internal  capsule  and  a  part 
of  the  thalamus  opticus.  It  also  supplies  the  greater  part  of  the  motor 
convolutions. 
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Thrombosis  of  the  cerebral  arteries  arises  in  consequence  of  some 
alteration  of  the  walls  of  the  arteries.  It  is  predisposed  to  by  weak- 
ness of  the  heart,  but  mere  sluggishness  of  the  circulation  so  induced 
will  hardly  cause  thrombosis  in  a  healthy  artery,  although  it  may  do  so 
in  the  venous  sinuses  of  the  dura  mater,  where  the  circulation  is 
naturally  so  much  slower.  Thrombosis  is  mostly  induced  either  by 
Atheroma  or  by  Syphilitic  disease  of  the  arteries.  In  both  cases  the 
internal  coat  is  thickened,  and  the  surface  is  rough,  while  the  calibre  of 
the  artery  is  already  considerably  encroached  on,  as  Fig.  221  shows. 
Atheroma  occurs  mostly  in  old  persons,  and  it  is  usually  most  pro- 
nounced in  the  larger  arteries  of  the  base,  where  there  may  be 
numerous  yellow  patches.  But  not  infrequently  it  extends  to  the 
finer  ramifications,  and  it  is  in  these  that  it  most  readily  leads  to  occlu- 
sion by  thrombosis.  The  artery  from  which  the  figure  is  taken,  for 
instance,  had  an  external  diameter  of  the  eleventh  of  an  inch.  Syphi- 
litic disease  of  the  arteries,  on  the  other  hand,  occurs  most  frequently 
in  younger  people  in  connection  with  gummata,  and  these  may  occur  at 
any  part  of  the  surface  of  the  brain. 

Effects  of  occlusion  of  arteries. — Here,  as  in  other  parts,  the  effects 
of  occlusion  depend  chiefly  on  whether  the  arteries  concerned  have 
sufl&cient  anastomosing  communications  or  not.  The  arteries  of  the  circle 
of  Willis  anastomose  freely,  and  occlusion  of  one  of  them  leads  only  to  a 
very  temporary  derangement  of  the  circulation.  The  larger  branches 
anastomose  sparely,  and  occlusion  of  them  has  much  more  serious 
effects.  The  nutrient  arteries  do  not  anastomose  at  all,  and  occlusion 
of  them  has  very  evil  results. 

The  most  direct  result  of  occlusion  of  arteries  is  Anaemia  of  the  part 
supplied.  As  the  occlusion  in  the  case  of  embolism  is  sudden,  there  is 
often  a  very  abrupt  interference  with  the  cerebral  functions.  In  the 
case  of  a  large  artery,  such  as  the  main  stem  of  the  middle  cerebral, 
there  may  be  a  very  extensive  anaemia,  leading  to  a  fatal  issue  before 
the  anastomosing  circulation  can  be  established. 

Softening  of  the  brain  substance  {Ramolissement)  is  a  further  and 
more  important  consequence.  This  is  really  a  neci'osis  with  fatt}- 
degeneration  of  the  nervous  tissue,  and  it  only  occurs  when  the  condi- 
tions are  such  that  the  circulation  is  brought  absolutely  to  a  standstill. 
This  is  the  case  when  any  of  the  nutrient  arteries  are  ol)structed,  as 
these  are  end-arteries.  The  nutrient  ai'teries  which  come  ofl'  from  the 
first  part  of  the  middle  cerebral  are  the  most  exposed  to  obstruction 
from  embolism,  and  hence  softening  of  the  central  parts  of  the  brain, 
especially  in  the  region  of  the  corpus  striatum,  is  of  somewhat  common 
occurrence.    It  is  important  to  notice  that,  for  reasons  to  be  afterwards 
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considered,  it  is  these  arteries  also  which  most  frequently  give  rise  to 
heemorrhage. 

But  softening  not  infrequently  occurs  although  the  vessels  occluded 
are  not  end-arteries.  This  is  especially  true  where  thrombosis  is  the 
cause  of  the  occlusion.  As  we  have  already  seen,  thrombosis  is  com- 
mon in  connection  with  atheroma.  Now  this  is  a  disease  of  old  people, 
in  whom  the  circulation  is  Aveak.  Under  these  circumstances  occlusion 
of  a  small  peripheral  artery  may  lead  to  softening,  before  the  force  of 
the  blood  has  brought  about  an  anastomosing  circulation,  all  the  more 
because  many  of  the  neighbouring  arteries  are  also  partially  obstructed 
by  atheroma.  Even  in  the  case  of  embolism  there  may  be  considerable 
cortical  softening  if  the  embolus  has  broken  up  and  plugged  several 
vessels  at  the  same  time,  so  as  to  interfere  with  the  establishment  of 
the  anastomosing  circulation. 

The  Changes  in  the  brain  substance  in  softening  have  already  been 
incidentally  referred  to.  It  will  be  a  local  lesion  limited  to  the  piece  of 
brain  substance  to  which  the  affected  artery  is  distributed. 

Softenings  have  often  been  distinguished  according  to  the  colour 
presented  by  the  affected  brain  substance,  so  that  white,  yellow,  and 
red  softenings  have  been  described.  For  the  most  part  the  colour  de- 
pends on  the  blood  mixed  with  the  nervous  tissue,  and  the  amount 
and  condition  of  the  former  can  hardly  be  regarded  as  a  chief 
characteristic  of  the  softening ;  the  colour  is  therefore  not  of  primary 
importance. 

We  have  seen  already  that  softening  of  the  brain  substance  is  really 
due  to  a  Necrosis.    The  result  of  the  death  of  the  nervous  structures 
is  their  disintegration.    The  nerve  fibres  very  rapidly  break  up ;  the 
myeline  of  the  medullary  sheath  coagulates  and  escapes  from  the  primi- 
tive sheath,  and  afterwards  breaks  up  into  fine  fat  granules.  The 
ganglion  cells  are  more  resistant,  but  they  also  become  granular  and 
■  gradually  disappear.    The  cells  of  the  neuroglia  and  the  nuclei  of  the 
walls  of  the  vessels  undergo  fatty  degeneration.     These  structures 
become  filled  with  finely  divided  fat,  so  that  the  neuroglia  cells  are 
converted  into  characteristic  Compound  granular  corpuscles  and  the 
nuclei  of  the  vessels  are  converted  into  aggregates  of  fat  granules  at 
intervals  along  the  vessels  (Fig.  222).    So  far  as  the  neuroglia  cells  are 
concernect  it  is  probable  that  in  some  cases  they  pick  up  fat  arising 
from  the  disintegrated  myeline.    It  is  not  so  clear  that  the  nuclei  of 
the  blood-vessels  do  this,  and  there  is  here,  probably  always,  a  proper 
fatty  degeneration.    Besides  the  neuroglia  cells  there  may  be  present 
in  the  part  amoeboid  cells,  or  these  may  pass  into  it  after  the  occurrence 
of  the  necrosis,  and  these  also  become  occupied  by  granvilar  fat.  In 
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this  way  there  are,  frequently,  large  numbers  of  compound  granular 
cori3uscles  which  are  very  conspicuous  when  a  piece  of  the  softened 
tissue  IS  examined  in  the  fresh  state  under  the  microscope.  A  ready 
means  of  distinguishing  true  pathological  softening  from  a  mere 
post-mortem  change  is  afforded  by  the  presence  of  these  cells  In 
true  softenings  they  are  present  in  large  numbers  and  afford  a  highly 
characteristic  appearance. 


Pig.  222. -Fatty  degeneration  of  the  vessels  in  cerebral  softening.  (Paget.) 


In  some  cases,  as  already  mentioned,  the  softened  brain  substance  is 
largely  mixed  .vith  blood.    At  first  the  blood  gives  a  red  colour  to  the 
sottening.    But  as  time  goes  on  the  colouring  matter  is  dissolved  out  of 
the  red  corpuscles  and  diffused  throughout  the  softened  structures  as 
well  as  to  some  extent  in  the  brain  substance  around.    In  that  case  the 
colour  becomes  less  intense  and  merges  into  yellow,  or  the  colour  may 
be  reddish  yellow  from  the  outset.    It  Avill  be  seen  from  this  that  red 
and  yellow  softening  run  together,  and  that  the  latter  is  often  merely  a 
later  stage  of  the  former.    At  the  time  when  the  softening  occurs  the 
vessels  are  often  filled  with  blood,  which  soon  coagulates.    The  fibrine 
disintegrates  as  the  colouring  matter  is  dissolved  out  from  the  cor- 
puscles.   Sometimes  the  dissolved  colouring  matter  is  deposited  in  the 
granular  or  even  in  the  crystalline  form  inside  or  outside  the  vessels 
If  there  is  very  little  blood  in  the  vessels  of  the  softened  part  then  the 
colour  IS  white  or  grey.    This  is  mostly  seen  when  death  has  oc- 
curred very  soon  after  the  occlusion  of  an  artery. 

The  ultimate  disposal  of  the  necrosed  piece  of  brain  substance  occurs 
on  principles  already  considered.  The  softened  brain  substance  has 
ultimately  the  characters  of  a  fatty  emulsion,  which  is  gradually  ab- 
sorbed.   A  chronic  inflammation  occurs  around,  just  as  in  the  case  of  a 
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hsemorrhage,  and  in  a  similar  fashion  connective  tissue  is  produced, 
taking  the  form  of  a  cyst  or  a  cicatrix,  according  to  circumstances. 
The  resulting  cyst  or  cicatrix  is  not  always  to  be  distinguished  from 
that  of  a  cerebral  ha3morrhage.  Usually  the  latter  presents  more 
distinct  pigmentation,  but  the  former  may  also  present  pigment  granules 
and  crystals. 

Other  forms  of  softening  are  of  less  consequence  than  those  from 
occlusion  of  arteries.  Softenings  are  very  frequent  around  extrava- 
sations of  blood.  They  are  partly  due  to  mechanical  destruction,  but 
also  to  ansemia  from  the  pressure  of  the  blood.  Softenings  around 
tumours  are  similarly  due  to  anaemia.  There  is  occasionally  a  softening 
from  localized  inflammation,  more  especially  such  septic  forms  as  lead 
on  to  abscess. 

Occlusion  of  arteries  in  chorea. — The  frequent  association  of  this 
disease  with  acute  endocarditis  has  suggested  the  view  that  it  may  have 
its  origin  in  embolism  of  the  arteries  and  capillaries  of  the  brain,  multiple 
embolism  with  softening  having  been  found  in  some  cases,  but  not  in  all. 
Embolism,  however,  may  be  a  coincidence  related  to  the  endocarditis, 
and  not  necessarily  connected  with  the  pathology  of  chorea.  This, 
indeed,  is  evident  from  the  fact  that  acute  endocarditis  is  not  infre- 
quently absent  in  cases  of  chorea.  Other  changes  in  the  vessels  have 
been  observed,  such  as  dilatation  of  the  arteries  and  veins  throughout 
the  substance  of  the  brain  and  spinal  cord,  exudations  or  small  haemor- 
rhages, sometimes  with  blood  crystals,  around  the  vessels.  These  lesions, 
however,  are  by  no  means  constant,  and  are  to  be  regarded  as  con- 
sequences of  irritation  of  the  brain,  or  as  coincident  phenomena. 

It  seems  probable  that  in  chorea  there  is  an  irritant  present  in  the 
blood,  and  it  may  be  the  same  irritant  as  that  in  acute  rheumatism. 
It  attacks  the  nervous  system,  producing  hyperemia  and  exudation 
from  the  vessels.  While  the  whole  central  nervous  system  is  more 
or  less  affected  there  are  certain  parts  specially  involved,  these  parts 
being  what  have  been  called  the  accessory  portions  of  the  nervous 
system.  It  may  be  supposed  that  the  fundamental  and  simpler  parts  of 
the  brain  and  cord  are  more  stable  than  the  accessory  parts,  and  that 
when  attacked  by  an  irritant  the  latter  will  give  way  first.  The  ana- 
tomical distribution  of  the  lesions  suggests  that  this  is  so,  and  the 
symptoms  of  chorea  indicate  disorder  in  "movements  which  ai'e  acquired, 
and  which  are  probably  only  learned  by  a  long  apprenticeship  "  (Hugh" 
lings  Jackson). 

3.  Thrombosis  of  the  cerebral  sinuses. — These  venous  channels  are 
somewhat  frequently  the  seat  of  thrombosis.  The  coagulation  may 
have  its  starting  point  in  an  inflammation  projjagated  from  a  neighbour- 
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ing  structure.  The  most  frequent  origin  of  such  inflammations  is  caries  of 
the  temporal  bone  from  disease  in  the  ear,  but  it  may  follow  on  injury 
to  the  head,  inflammations  of  the  skin  of  the  face  and  scalp,  especially 
erysipelas,  and  of  the  bones.  In  all  these  cases  the  thrombosis  usually 
has  its  starting  point  towards  the.  base  of  the  skull,  and  especially  in  the 
lateral  and  petrosal  sinuses. 

There  is,  however,  auother  class  of  cases  in  which  the  thrombosis  has 
a  more  obscure  origin,  and  seems  sometimes  even  spontaneous.  The 
blood  simply  coagulates  in  the  sinus,  and  it  is  usually  in  the  longi- 
tudinal sinus  that  the  coagulation  begins.  In  most  of  these  cases  the 
person  is  in  a  state  of  debility,  and  the  thrombus  may  be  regarded  as 
Marasmic  in  its  origin.  But  there  are  cases  in  which  there  is  no  obvious 
weakness  of  the  heart,  and  the  coagulation  has  no  apparent  cause.  The 
localization  of  the  thrombosis  suggests  stagnation  of  the  blood  as  its  cause. 
The  sinuses  are  rigid  tubes  incapable  of  narrowing  when  the  circulation 
is  slow,  and  they  are  intersected  by  bands  of  connective  tissue.  The 
longitudinal  sinus  also  is  so  situated  that,  at  its  middle  part  at  least,  the 
blood  passing  from  the  cerebral  veins  flows  upwards  to  it  against  the 
force  of  gravitation  (see  p.  67). 

The  Effects  of  thrombosis  of  the  sinuses  will  vary  according  to  the 
cause.  If  due  to  the  propagation  of  inflammation  from  neighbouring 
structures,  then  a  suppurative  phlebitis  may  result,  with  Meningitis, 
and  even  Abscess  of  the  brain.  There  are,  however,  cases  of 
abscess  of  the  brain  without  meningitis,  in  which  the  inflammation 
seems  to  have  extended  along  the  veins  either  in  their  interior  or  in 
their  sheath. 

In  the  other  form  the  results  are  usually  much  less  serious.  The 
veins  which  open  into  the  sinus  are  greatly  engorged,  and  the  throm- 
bosis may  extend  into  them.  It  is  here  chiefly  the  longitudinal  sinus 
that  is  concerned,  and  the  veins  which  open  into  it  are  those  of  the 
cerebral  hemispheres.  These  may  stand  out  as  prominent  worm-like 
cords  filled  with  dark  coagula.  In  most  cases  the  blood  finds  its  way  by 
other  routes,  and  there  may  even,  after  a  time,  be  a  re-establishment 
of  the  circulation  in  the  sinus.  Sometimes,  however,  the  obstruction  in 
the  veins  is  such  as  to  lead  to  Haemorrhage.  This  is  usually  in  the  form 
of  numerous  capillary  haemorrhages,  but  sometimes  there  is  along  with 
this  a  large  efi'usion  of  blood  in  the  substance  of  the  brain  and  under 
the  soft  membranes.  The  seat  of  such  haemorrhages  is  usually  the 
superficial  and  upper  parts  of  the  hemispheres,  and  they  are  frequentlj'^ 
multiple. 
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IV.— CEREBEAL  HAEMORRHAGE. 

By  this  term  is  meant  bleeding  in  the  substance  of  the  brain.  The 
blood  may  be  large  or  small  in  quantity  but  it  jjushes  aside  the  brain 
substance,  tearing  for  itself  a  cavity  where  it  coagulates.  With  the 
doubtful  exception  of  certain  diseases  of  the  blood,  Avhere  the  hemor- 
rhage may  possibly  be  by  diapedesis,  there  is  always  rupture  of  one  or 
more  vessels. 

In  a  previous  page  reference  has  been  made  to  the  two  orders  of 
cerebral  arteries,  and  the  difference  in  the  circumstances  of  hsemorrhages 
from  these  are  such  that  we  must  consider  them  separately  here. 

1.  HaBmorrhage  from  the  larger  cerebral  arteries. — We  have  seen 
that  these  vessels  run  in  the  soft  membranes,  and  it  might  be  supposed 
that  their  rupture  would  give  rise  to  meningeal  rather  than  cerebral 
hsemorrhage,  and  so  it  is  usually  stated.  But  this  is  not  the  case.  The 
blood  nearly  always  finds  its  way  into  the  brain  substance,  Avhere  it  is 
found  usually  in  much  larger  quantity  than  in  the  meninges,  so  that  the 
case  has  much  more  the  characters  of  cerebral  than  of  meningeal  hemor- 
rhage. There  is  usually  some  blood  in  the  meninges  occupying  the 
sulci  between  the  convolutions,  and  it  may  even  be  considerable,  extend- 
ing to  the  base  and  perhaps  covering  the  optic  commissure ;  but  usually 
the  amount  is  small,  and,  on  account  of  the  large  cerebral  hemorrhage, 
is  apt  to  be  overlooked.  It  is  very  rare  indeed  for  the  blood  to  escape 
to  the  surface  and  appear  in  the  cavity  of  the  dura  mater.  Any 
appearance  of  blood  in  the  meninges,  however,  should  at  once  direct 
attention  to  the  larger  cerebral  arteries  as  the  probable  soiu-ce  of  the 
haemorrhage. 

The  explanation  of  the  extension  of  the  blood  into  the  brain  substance 
suggests  itself  when  we  consider  the  circumstances  of  the  parts.  When 
rupture  of  such  an  artery  occurs  the  blood  tears  its  way  around;  it 
passes  into  the  loose  connective  tissue,  and  by  and  by  reaches  the 
surface  of  the  brain.  Here  the  tissue,  being  soft,  tears  readily,  and  the 
blood  rapidly  passes  inwards.  On  the  other  hand  the  connective  tissue 
on  the  surface  is  tough  and  the  blood  will  tear  it  with  difficulty.  The 
blood  may  work  its  way  from  space  to  space  in  the  connective  tissue, 
but  this  takes  time  and  probably  needs  considerable  pressure.  There  is 
another  circumstance  which  probably  has  to  do  with  the  blood  so  con- 
stantly finding  its  way  into  the  brain  substance.  As  we  shall  see  after- 
wards, a  large  number  of  the  cases  of  haemorrhage  in  this  situation  are 
from  rupture  of  aneurysms.  Now  an  aneurysm  will  probably  project 
more  readily  towards  the  surface  of  the  brain  where  the  substance 
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is  soft,  than  in  other  directions,  and  when  such  an  aneurysm  ruptures  it 
may  do  so  directly  into  the  brain. 

The  Cause  of  the  ruiature  of  these  larger  arteries  is  to  be  sought  for 
in  disease  of  their  walls  and  increase  of  the  blood-pressure. 

The  commonest  cause  is  Aneurysm  of  these  arteries,  which  is  of 
remarkably  frequent  occurrence.  The  great  majority  of  the  cases  of 
cerebral  haemorrhage  occurring  before  the  age  of  fifty  years  is  due  to  the 
rupture  of  aneurysms  of  these  larger  arteries.  The  aneurysms  are 
mostly  thin-walled  and  therefore  prone  to  rupture.  Their  most  frequent 
seat  is  on  the  middle  cerebral  artery  or  one  of  its  branches  in  the 
fissure  of  Sylvius,  but  they  may  occur  on  any  of  the  arteries  of  the 
brain  and  are  not  infrequently  multiple  (see  Fig.  223). 


Fig.  223. — Aneurysms  of  larger  cerebr.al  arteries.  A  large  one 
at  the  bifurcation  of  the  left  middle  cerebral.  There  is  an  aper- 
ture at  its  summit,  from  which  fatal  hfemorrhage  occurred.  A 
small  one  near  the  origin  of  right  anterior  cerebral. 


The  frequent  occurrence  of  these  aneurysms  and  their  serious  import  suggests  an 
inquiry  into  the  causes  of  their  formation.  In  the  first  place  the  arteries  are  thin- 
walled  and  are  j)laced  in  a  loose  tissue,  so  that  they  very  readily  undergo  dilatation. 
Any  local  injury  to  the  wall  may  be  the  starting  point  of  the  dilatation.  This  is 
often  produced  by  Embolism.  In  a  large  proportion  of  cases  the  aneurysm  is  associated 
■with  valvular  disease  of  the  heart,  and  an  embolus  imperfectly  obstructing  an  artery, 
especially  if  it  be  a  cretaceous  piece  broken  oft'  from  a  valve,  may  readily  injure  the 
wall  so  as  to  allow  of  dilatation.  Ponflck  has  found  that  in  a  considerable  proportion 
of  cases  of  acute  endocarditis  there  is  embolism,  with  either  fully  formed  or  incipient 
aneurysms.  When  they  have  an  origin  such  as  this  the  aneurysms  will  be  specially 
thin-walled  and  partake  of  the  characters  of  false  aneurysms.  This  mode  of  origin 
also  goes  far  to  explain  the  greater  predominance  of  these  aneurysms  in  the  middle 
cerebral  artery,  which,  as  we  have  seen,  is  especially  liable  to  embolism.  Another 
occasional  cause  of  cerebral  aneurysm  is  Atheroma.  This  disease  injures  the  vessel- 
wall  and  produces  obstruction,  and  it  may  lead  to  aneurysm  on  the  one  hand  by 
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weakening  the  wall,  and  on  the  other  by  locally  increasing  the  blood-pressure  on 
the  peripheral  side  of  the  obstruction.  Syphilitic  disease  is  also  assigned  as  a 
cause  of  aneurysm. 

The  subject  of  Atheroma  as  a  direct  cause  of  cerebral  haemorrhage  is 
a  somewhat  difficult  one.  This  condition  is  undoubtedly  in  many  cases 
associated  with  cerebral  haemorrhage,  but  it  is  difficult  to  believe  that  it 
can  be  the  sole  cause.  Atheroma  produces,  as  Fig.  221  shows,  a  thick- 
ening of  the  arterial  wall.  At  the  same  time,  however,  it  weakens  the 
wall,  and  if  the  coats  get  separated  and  the  blood  penetrates  behind 
the  atheromatous  patch,  there  may  be  serious  risk  of  rupture.  Besides 
this,  atheroma  Avill,  as  mentioned  above,  produce,  by  obstructing  the 
vessel,  an  increase  of  blood-pressure  on  the  proximal  side  of  the  patch 
and  also  in  neighbouring  arteries.  If  there  be  extensive  atheroma  the 
mere  rigidity  of  the  arteries  may  produce  an  increase  of  blood-pressure 
in  the  smaller  arteries.  But  all  these  conditions  seem  scarcely  capable 
by  themselves  of  leading  to  haemorrhage,  and  it  is  in  cases  where  ather- 
oma is  associated  with  a  general  increase  of  blood-pressure  that  this 
occurs,  especially  in  chronic  Bright's  disease. 

On  the  other  hand,  Increase  of  blood-pressure  alone  can  hardly  lead 
to  haemorrhage.  In  chronic  Bright's  disease  there  is  frequently  a  con- 
stant increase  in  the  arterial  tension,  and  hypertrophy  of  the  left 
ventricle  of  the  heart.  This  condition  will  conduce  to  haemorrhage  in 
both  orders  of  arteries  in  the  brain,  especially  if  this  disease  be  associated 
with  atheroma,  or  with  fatty  degeneration  of  the  smaller  arteries  of  the 
brain,  which  some  assert  to  be  common  in  Bright's  disease. 

2.  HaBmorrhage  from  the  nutrient  arteries. — As  these  vessels  run  in 
the  substance  of  the  brain  the  haemorrhage  will  be  always  cerebral  and 
will  rarely  extend  to  the  meninges.  It  might  be  supposed  that  as  the 
nutrient  vessels  are  small  the  haemorrhage  from  them  would  be  small, 
and  in  many  cases  it  is  so ;  but  when  bleeding  has  once  begun,  the 
blood  tearing  the  brain  substance  ruptures  other  vessels,  and  there  is 
often  a  considerable  effusion  of  blood. 

Hfemorrhage  of  any  consequence  rarely  occurs  from  the  cortical 
nutrient  vessels,  but  is  very  common  from  the  central  ones.  The  cir- 
cumstances of  these  latter  go  far  to  exjilain  this.  They  arise  from  large 
stems,  mainly  from  the  middle  cerebral  immediately  after  its  origin 
from  the  internal  carotid.  It  is  clear  that  the  blood  here  will  be  at  a 
pressure  not  much  less  than  that  of  the  aorta,  and  any  variations  of 
pressure  -will  tell  readily.  On  the  other  hand,  the  cortical  vessels, 
mostly  arise  from  fine  vessels  in  which  the  blood-pressure  has  been 
reduced  by  successive  division  and  sub-division. 

As  to  the  Causes  of  haemorrhage  in  these  arteries,  Aneurysm  again 
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plays  the  most  important  part.  As  the  arteries  are  small  so  are  the 
aneurysms,  but  they  are  numerous  in  the  same  person.  Such 
aneurysms  have  been  called  by  Bouchard  and  Charcot  Miliary 
aneurysms.  They  occur  in  every  region  of  the  brain,  but  are  most 
readily  detected  on  the  surface  of  the  convolutions,  where,  on  stripping 
off  the  pia  mater  from  the  convolutions,  they  may  be  seen  as  small  red 
or  brown  spots.  When  examined  under  the  microscope  they  have  all 
the  characters  of  ordinary  aneurysms.  Most  of  them  are  sacculated 
(Fig.  224),  but  some  are  fusiform  (Fig.  225).    It  is  stated  that  the 


Fig.  224. — Sacculated  miliary  aneurysm  of  a  nutrient  artery  of  the  brain. 
The  aneurysm  is  about  the  twentieth  of  an  inch  in  diameter,    x  27. 


Fig.  225. — Fusiform  miliary  aneurysm,    x  27. 


cause  of  their  formation  is  a  sclerosis  of  the  walls  of  the  arteries, 
involving  first  a  formation  of  round  cells  in  the  external  coat  with 
subsequent  fibrous  transformation.  There  results  an  atrophy  of  the 
middle  coat  which  seems  to  be  the  most  direct  cause  of  the  dilatation. 
This  diffused  sclerosis  of  the  niitrient  arteries  is  mostly  met  with  in  old 
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people ;  in'  persons  cabove  fifty  cerebral  hasmorrhage  is,  in  the  larger 
proportion  of  cases,  due  to  rupture  of  miliary  aneurysms. 

In  a  case  observed  by  the  author  there  was  frequently  in  the  arteries  a  fatty 
degeneration  affecting  chiefly  the  internal  coat.  This  was  present  in  patches  in  a 
large  number  of  vessels  of  small  size.  In  connection  with  it  there  was  sometimes 
a  partial  dilatation,  an  aneurysm  obviously  forming,  and  also  fully  formed  aneurysms. 
Older  and  more  recent  hmmorrhages  were  connected  with  the  aneurysms,  and  there 
was  one  very  large  fatal  hemorrhage. 

Although  the  aneurysms  are  present  in  all  regions  of  the  brain, 
rupture  seldom  occurs  except  in  those  of  the  central  arteries.  The 
explanation  of  this  has  already  been  indicated,  and  it  has  been  men- 
tioned that  the  lenticulo-striate  branch  is  pre-eminently  that  from 
which  hsemorrhage  occurs. 

Atheroma,  with  increased  blood-pressure,  is  occasionally  a  cause  of 
haimorrhage  from  the  nutrient  arteries  as  from  the  larger  ones.  Ather- 
oma is  not  common  in  small  arteries,  but  as  the  central  arteries  are 
much  larger  than  the  cortical  ones,  atheroma  is  commoner  in  them,  and 
hsemorrhage  from  this  cause  is  therefore,  for  a  double  reason,  more 
frequent  in  these. 

3.  HaBmorrhage  from  the  capillaries.— A  certain  amount  of  capillary 
hsemorrhage  generally  accompanies  all  larger  bleedings.  The  explan- 
ation of  this  seems  to  be  that  the  pressure  of  the  blood  produces  such 
obstruction  of  the  vessels  around,  that  frequent  leakage  occurs  from  the 
capillaries.  In  thrombosis  of  the  sinuses  and  veins  there  is  also 
capillary  hajmorrhage  (see  above).  Again,  embolism  may  cause 
capillary  hsemorrhage,  and,  as  we  have  seen,  the  blood  is  often  mixed 
with  the  softened  brain  tissue.  Septic  embolism  as  in  ulcerative  endo- 
carditis and  pysemia  leads  to  capillary  hsemorrhage.  Lastly,  we  may 
have  leakage  from  the  capillaries  in  scurvy,  purpura,  leukajmia,  and 
other  morbid  states  of  the  blood. 

In  capillary  haemorrhages  the  collections  of  blood  are  generally  small 
in  size,  forming  a  congeries  of  red  puncta.  But  if  very  frequent  and 
closely  set  they  may  run  together  and  form  a  considerable  effusion. 

Appearances  of  the  brain  in  hsemorrhag-e.— The  aiDpearances  pre- 
sented when  a  person  dies  soon  after  the  occurrence  of  haemorrhage  are 
sufficiently  characteristic.  The  effused  blood  increases  the  contents  of 
the  skull,  and  in  order  to  its  accommodation  there  must  be  some  dis- 
placement and  crushing  of  the  remaining  brain  substance.  If  the 
hsemorrhage  be  at  all  extensive  we  find  on  opening  the  skull  that  the 
corresponding  hemisphere  is  bulged  outwards  and  perhaps  projects 
beyond  the  middle  line.    The  convolutions  are  more  or  less  flattened, 
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and  there  is  a  certain  dryness  and  glazing  of  the  surface  which  indicate 
that  all  available  fluid  has  been  absorbed  to  make  room  for  the  addition 
made  to  the  contents  of  the  skull.  These  are  all  indications  of  in- 
creased pressure  within  the  skull,  and  during  life  this  increase  of 
pressure  causes  symptoms  referrible  to  the  brain  as  a  whole  or  to 
parts  removed  from  the  seat  of  haemorrhage.  It  sometimes  happens 
that  the  appearance  of  blood  in  the  membranes  suggests  the  existence 
of  hfemorrhage  before  the  brain  is  laid  open,  and  this  will  be  especially 
the  case  when  rupture  of  an  aneurysm  of  a  larger  artery  or  thrombosis 
in  the  sinuses  has  been  the  cause.  On  cutting  into  the  brain  substance 
the  appearances  will  vary  to  some  extent  according  to  the  cause  and 
extent  of  the  haemorrhage.  If  there  are  numerous  small  haemorrhages 
closely  set  there  -will  be  much  softening  of  the  brain,  and  the  brain 
substance  will  be  mixed  with  blood.  If  the  haemorrhage  be  large 
the  blood  will  be  more  pure.  In  any  case  the  blood  produces  softening 
in  the  parts  around,  which  may  be  stained  with  the  blood  colouring- 
matter.  As  already  mentioned,  there  are  usually  red  spots  from 
capillary  haemorrhage  around  the  clot.  The  clot  itself  is  mixed  with 
the  debris  of  brain  substance,  and  the  internal  wall  of  the  cavity  in 
which  it  lies  has  an  irregular  character. 

If  the  patient  die  almost  immediately  the  clot  is  exactly  like  an 
ordinary  gelatinous  coagulum.  But  if  he  survive  a  day  or  two  it  has 
already  drawn  together  somewhat  and  become  firmer  and  has  more  of 
a  brown  colour.  This  is  sometimes  peculiarly  manifest  at  the  peripheral 
parts  of  the  clot,  so  that  a  kind  of  capsule  may  be  formed  of  condensed 
fibrine. 

In  washing  away  the  clot  from  a  cavity  made  by  a  hremorrhage  one  often  isolates 
many  small  arteries  with  round  knots  at  their  extremities.  These  are  arteries  which 
have  been  torn  across  by  the  accumulating  blood.  The  torn  arteries  have  withdrawn 
within  their  sheaths,  and  these  latter  have  become  distended  with  little  plugs  of 
blood  which  have,  in  the  manner  already  described  (p.  83),  contributed  to  the  stilling 
of  the  hsemorrhage.  These  little  swellings  may  be  readily  mistaken  for  miliary 
aneurysms. 

Disposal  of  the  clot.  The  Apoplectic  cicatrix  and  cyst. — The  further 
organization  of  the  coagulum  is  a  slow  process,  and  proceeds  very  much 
in  the  same  way  as  organization  of  clots  inside  or  outside  of  vessels. 
An  inflammatory  process  is  set  up  in  the  neighbourhood,  and  this  results 
in  the  production  of  connective  tissue  which  b}^  and  by  encapsules  the 
clot.  The  clot  in  the  meanwhile  softens  ;  its  pigment  is  dissolved  out, 
and  frequently  deposited  in  the  crystalline  (see  Fig.  226)  or  granular 
form  in  the  softened  material  or  in  the  capsule,  often  giving  the  parts 
a  rosy  or  rusty  colour.    The  blood  being  frequently  mixed  with  brain 
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substance  and  both  these  constituents  being  degenerated,  various 
appearances     are     presented ; 


sometimes  the  capsule  contains 
material  of  an  atheromatous 
aspect. 

Through   time  the  contents  R|       ^  ^ 


are  absorbed  and  there  may    %  ^ 
result,  as  in  the  case  of  soften- 
ing of  the  brain,  a  Cicatrix.  In 
many  cases,  however,  the   ab-   ^.         „    ,  , 

_  Fig.  220. — Crystals  of  hfematoicuu  from  n  cerebral 

SOrbed    matter   is    replaced    by    hajmonbage.     Tbe  crystals  form  oblique  rhombic 

jiillars  of  a  reddish  brown  colour,    x  350. 

clear  fluid  and  a  kind  of  cyst  is 

the  result,  the  so-called  Apoplectic  cyst.  The  cyst  is  not  merely  a  sac 
containing  fluid,  but  it  is  generally  intersected  by  connective-tissue  tra- 
beculse  so  as  to  be  filled  with  a  network.  It  is  indeed  more  an  oedema- 
tous  cicatrix  than  a  cyst.  It  has  already  been  noticed  that  similar  cysts 
and  cicatrices  occur  as  a  result  of  softening  of  the  brain.  These  latter, 
however,  do  not  commonly  show  blood  crystals  in  their  walls,  whereas 
the  true  apoplectic  cyst  may  present  them  even  at  a  late  date. 

The  apoplectic  cyst  may  be  compared  in  its  origin  with  a  cicatrix ; 
it  arises  by  the  formation  of  connective  tissue  and  fills  the  place  of  tissue 
lost,  and  it  is  only  because,  being  situated  in  the  midst  of  the  brain 
substance,  it  does  not  readily  contract  that  we  have  a  cyst  rather 
than  a  cicatrix.  If  the  haemorrhage  has  been  near  the  surface  of  a 
ventricle  or  of  the  brain  itself  we  may  have  a  cicatrix  ;  or  a  cyst,  by 
thickening  of  the  trabeculse  and  gradual  drawing  together  of  the  parts, 
may  be  converted  into  a  cicatrix.  In  the  case  of  cicatrices  occurring 
thus  on  the  surface  of  the  brain  the  soft  membranes  are  depressed  and 
puckered  and  firmly  adherent  to  them.  The  cicatrices  like  the  cysts 
often  present  some  remains  of  blood-colouring  matter. 

Literature. — Dukand-Faedel,  Arch,  gdn.,  1844,  and  Trait6  des  maladies  des 
vieillards,  1854 ;  Buerows,  Disorders  of  cerebral  circulation,  184(5 ;  Copeland,  Nature 
and  treatment  of  apoplexy,  1850 ;  Notiinagel  in  Ziemssen's  Encyclop.  Aneurysm 
of  larr/er  artei-ien — Smith,  Dublin  Quart.,  iv.,  1847;  Ogle,  Med.  times. and  gaz., 
1866,  i.;  Church,  St.  Barth.  Hosp.  Eep.  vi.,  1871 ;  Tui'NEiiL,  Dubl.  Quart.,  xv.,  1853 
Holmes'  Syst.  of  surg.,  art.  "  Aneurism  "  ;  PoNFfcK,  Virch.  Arch.,  Iviii.,  1873  ;  Coats, 
Glasg.  Med,  .Jour.,  v.,  1873  (with  list  of  87  cases  and  tabulation  of  results)  and  Trans, 
of  Internat.  Med.  Congress,  1881,  i.,  415.  Aneurysm  of  mitrhnt  arteries — Charcot 
and  BoucHAUD,  Arch,  de  physiol.,  18(58,  i.,  and  Charcot,  On  senile  dis.,  Syd.  Soc. 
transl.,  1881;  Turner,  Path,  trans.,  xxiii.,  1882;  Eichler,  D.  Arch.  f.  klin.  Med., 
xxii. 
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v.— INFLAMMATIONS  OF  THE  BEAIN. 

These  embrace  a  very  extensive  and  varied  set  of  conditions,  some  of 
which  have  little  in  common.  Thus  there  are  localized  inflammations 
of  an  acute  land,  going  on  sometimes  to  the  formation  of  abscesses; 
chronic  localized  inflammations;  inflammations  diffused  throughout  the 
brain ;  inflammations  extending  to  the  brain  substance  from  the  mem- 
branes, etc. 

1.  Acute  localized  encephalitis. — We  have  already  seen  that,  around 
and  in  the  midst  of  hsemorrhagic  foci  and  cerebral  softenings,  there  are 
inflammatory  manifestations,  evidenced  by  the  presence  of  leucocytes, 
containing  fat  granules.  The  inflammatory  ^^rocess  does  not  go  on 
to  suppuration,  but  results  in  the  formation  of  connective  tissue,  con- 
stituting a  cyst  or  a  cicatrix. 

'V^'Tien  the  brain  is  injured — lacerated,  for  example,  by  a  blow  on  the 
head  or  directly  wounded  by  a  protruding  piece  of  fractiired  bone — 
then  there  may  be  a  more  intense  inflammation,  which  sometimes 
goes  on  to  suppuration,  especially  when  the  brain  communicates  with 
an  external  wound. 

Abscess  of  the  brain. — This  is  of  somewhat  frequent  occurrence.  It 
is  met  with  most  frequently  in  the  cerebral  and  cerebellar  henuspheres, 
rarely  in  the  central  parts.  The  abscess  is  usually  single,  but  there 
may  be  several. 

Causation  of  abscess. — The  abscess  is  always  septic,  produced  by  the 
action  of  microbes  conveyed  from  an  infected  centre  near  or  remote. 
The  centre  is  in  the  majoritj^  of  cases  in  the  neighbourhood  of  the  brain 
(in  70  per  cent.,  Gowers),  being  in  the  ear  in  nearly  half  the  cases. 
Next  to  disease  of  the  ear  comes  injury  of  the  head,  while  the  nose, 
orbit,  and  other  parts  of  the  head  form  rare  seats  of  the  j^rimary  disease. 
When  the  original  focus  is  at  a  distance  the  abscess  may  have  various 
seats,  a  certain  proportion  of  cases  being  properly  pysemic.  There  are 
also  a  few  cases  in  which  no  centre  of  suppm-ation  is  discoverable  apart 
from  the  abscess. 

Suppuration  in  the  middle  ear  is  the  chief  cause  of  abscess  in  the 
brain.  There  is  a  septic  inflammation  id  the  tympanic  cavity  and 
mastoid  cells,  the  tympanic  membrane  being  absent  or  perfoi'ated.  The 
discharges  are  usually  very  putrid.  This  disease  is  common  in 
children,  chiefly  as  a  sequela  of  scarlet  fever,  but  abscess  of  the  brain  is 
most  frequent  in  adults.  This  has  been  ascribed  to  the  fact  that  at 
puberty  the  mastoid  cells  expand  and  both  these  and  the  tympanic 
cavity  come  nearer  to  the  interior  of  the  skull  (Adams).  Sometimes, 
indeed,  the  bone  is  defective  over  these  parts,  which  are  therefore 
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covered  in  by  dura  mater.  The  suppuration  in  the  middle  ear  aftects 
the  muco.us  membrane,  which  is  here  closely  connected  with  the  bone 
and  acts  as  a  periosteum.  Hence  the  bone  is  liable  to  be  affected, 
becoming  carious  or  even  undergoing  necrosis.  Disease  of  the  bone, 
however,  is  not  necessary  to  the  formation  of  abscess  in  the  brain. 

The  tympanic  cavity  and  mastoid  cells  both  send  blood  into  the 
sinuses  of  the  dura  mater  by  means  of  veins  which  pass  through  the 
bone ;  those  of  the  tympanum  passing  into  the  petrosal  sinus  and 
those  of  the  mastoid  cells  into  the  lateral  sinus.  On  the  other  hand 
veins  pass  into  these  sinuses  from  the  brain,  the  cerebral  hemispheres 
sending  branches  into  the  superior  petrosal  and  the  cerebellum  into  the 
lateral  sinus.  The  extension  of  the  infective  process  is  mainly  by  these 
veins.  There  is  sometimes  a  Septic  thrombo-phlebitis  set  up,  which 
may  affect  the  sinuses  to  a  considerable  extent,  and  even  produce  a 
Pysemia  in  the  ordinary  way  without  leading  to  abscess  of  the  brain. 
But  the  septic  phlebitis  may  extend  from  the  sinus  to  the  cerebral  or 
cerebellar  veins  and  so  lead  to  abscess.  The  extension  on  the  other 
hand  may  be  by  the  sheaths  of  these  veins  and  not  by  their  interior,  or 
it  may  be  a  more  direct  extension  from  the  bone  to  the  dura  mater 
and  on  to  the  brain.  From  the  situation  of  the  tympanum  and 
mastoid  cells  and  from  the  relations  of  the  veins  it  follows  that,  when 
the  extension  is  from  the  tympanum,  the  abscess  is  usually  in  the 
cerebrum,  while  in  the  case  of  the  mastoid  cells  it  is  in  the  cerebellum, 
although  this  rule  is  not  without  excejDtions.  The  abscess  in  ear 
disease  is  always  an  extremely  foetid  one,  as  if  the  extension  were  not 
merely  of  the  ordinary  pyogenic  bacteria  (whose  products  have  not  a 
putrid  odour)  but  more  of  a  gangrenous  character. 

Injury  to  the  head  is  a  somewhat  frequent  cause,  chiefly  in  cases 
of  compound  fracture  with  laceration  of  the  brain.  It  is  said  that 
laceration  by  contre  coup  (see  p.  551)  may  be  a  cause  without  exter-- 
nal  wound.  Disease  of  the  nose  and  orbit  are  rare  causes,  and  it  will 
be  only  when  the  bones  are  diseased,  as  in  some  cases  of  syphilis,  that 
extension  will  occur. 

When  the  septic  focus  is  at  a  distance  its  most  .frequent  seat  is  in  the 
lungs,  in  cases  of  suppurating  cavities,  etc.  In  two  cases  of  thrush 
abscesses  in  the  brain  have  been  found  which  contained  growths  of  the 
oidium  albicans. 

Formation  and  character  of  the  abscess. — The  abscess  begins  pre- 
sumal)ly  with  a  small  softening  which  goes  on  to  supjjuration.  The  fully 
formed  abscess  contains  a  thick  pus,  usually  greenish  in  colour,  and  in 
the  case  of  ear  disease  exhaling  a  pungent  putrid  odour.  In  many  cases 
the  abscess  is  really  a  chronic  one  and  the  pus-corjjuscles  are  dis- 
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integrated.  It  is  bounded  usually  by  a  distinct  wall  formed  of 
granulation  tissue,  sometimes  partly  developed  into  connective  tissue. 
This  frequently  forms  a  definite  separable  membrane,  which  se- 
parates the  abscess  from  the  brain  tissue,  the  latter  being  often 
softened  in  the  immediate  vicinity.  The  membrane  takes  some  time  to 
form,  being  rarely  distinct  till  the  third  week  and  not  fully  formed  for 
two  months  or  even  longer.  When  once  formed  and  encapsuled  the 
abscess  may  remain  long  stationary,  but  it  usually  enlarges  graduallj', 
and  may  finally  burst  into  the  lateral  ventricles  or  externally. 

The  a,bscess  causes  enlargement  of  the  part  affected,  and  the  convolu- 
tions over  it  are  flattened  and  softened.  Abscess  is  four  times  as 
frequent  in  the  cerebrum  as  in  the  cerebellum,  and  the  temporo-sphen- 
oidal  lobe  is  most  frequently  affected  from  its  proximity  to  the  ear. 

2.  Chronic  localized  encephalitis. — The  processes  of  chronic  inflam- 
mation are  similar  to  those  in  the  spinal  cord,  and  the  result  here, 
as  there,  is  Sclerosis.  In  the  case  of  the  brain  there  is  hardly  anything 
of  the  systematic  sclerosis  so  frequent  in  the  cord.  There  is,  however, 
one  form  of  disease  which  affects  both  brain  and  spinal  cord,  and  which 
presents  some  analogies  with  the  systematic  scleroses  of  the  cord. 

Disseminated  or  Insular  sclerosis.  Sclerosis  in  patches. — This  con- 
dition is  characterized  by  the  occurrence  of  patches  of  chronic  inflam- 
mation or  degeneration  scattered  over  the  cord,  or  the  brain,  or  both. 
These  patches  have  all  the  characters  of  sclerosis ;  in  the  white 
substance,  where  they  chiefly  occur,  they  are  grey,  and  in  both  white 
and  grey  substance  they  produce  induration  and  shrinking.  Under  the 
microscope  the  sclerosed  white  substance  shows  loss  of  the  medullary 
sheaths  of  the  fibres,  while  the  axis  cylinders,  excejDt  in  advanced  stages, 
are  largely  retained.  In  the  grey  substance,  the  ganglion  cells  are 
shrunken,  sometimes  with  pigmentation.  At  the  peripheral  parts  of  the 
■patch  there  may  be  evidences  of  more  active  inflammation,  in  the  form 
of  abundant  round  cells  along  with  compound  granular  corpuscles. 

The  distribution  of  the  patches  is  somewhat  irregular.  They  are 
found  of  various  sizes  in  the  cord,  medulla  oblongata,  pons,  peduncles, 
corona  radiata,  convolutions,  cerebellum.  In  such  different  situations 
the  sclerosis  leads  to  very  various  functional  disturbances.  The  great 
frequency  of  motor  tremors,  howoA'^er,  suggests  some  tendency  to  local- 
ization. Erb  has  j^ointed  out  that  when  tremors  exist,  patches  are 
specially  present  on  the  peduncular  parts  (pons,  medulla,  peduncles). 
If  patches  are  seated  there,  the  motor  impulses  will  be  imperfectly 
conducted  but  not  absolutely  interrupted,  as  the  axis  c /linders  are 
preserved. 

3.  Diffused  encephalitis. — This  term  may  be  applied  to  conditions 
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in  which  there  is  a  general  irritation  of  the  brain,  presumably  by  an 
irritant  circulating  in  the  blood.  It  may  be  held  to  include  a  consider- 
able number  of  varied  conditions.  As  the  irritant,  being  in  the  blood, 
will  attack  all  parts  equally,  we  may  expect  to  find  evidences  of  irrita- 
tion in  the  sjiinal  cord  as  well  as  in  the  brain. 

(a)  In  Acute  febrile  diseases  it  may  be  presumed  that  the  brain  is 
irritated  by  the  morbid  condition  of  the  blood.  According  to  PopofF, 
there  are  visible  evidences  of  this  in  the  case  of  typhoid  fever  in  the 
presence  of  abundant  leucocytes.  These  are  stated  to  be  particularly 
abundant  around  the  vessels,  and  evidently  spreading  out  from  these. 
The  leucocytes  were  frequently  found  in  the  spaces  around  the  ganglion 
cells  (pericellular  lymph  spaces),  and  even,  in  some  cases,  in  the  substance 
of  the  ganglion  cells. 

Middleton  has  pointed  out  that  in  delirium  tremens,  tubercular 
meningitis,  uraemia,  fracture  of  the  skull  with  injury  to  the  brain, 
erysipelas,  etc.,  the  brain  substance  is  over-run  with  leucocytes,  the 
appearances  being  very  similar  to  those  to  be  described  as  occurring  in 
hydrophobia.  In  all  cases  where  irritation  of  the  nervous  centres  is 
evidenced  during  life  by  Delirium  or  otherwise,  these  signs  of  irritation 
may  be  looked  for  in  the  brain  after  death.  In  some  cases  of  erysipelas, 
diphtheria,  and  septic  inflammations,  micrococci  have  been  detected 
forming  centres  of  irritation  vdth.  minute  softenings. 

(b)  General  paralysis  of  the  insane  {Dementia  paralytica). — The  condi- 
tion of  excitement  with  which  many  cases  of  insanity  begin,  suggests 
irritation  of  the  cerebral  centres ;  but  it  is  very  difficult  to  determine 
the  exact  relation  of  the  conditions  here,  esjjecially  as  the  cortex  of  the 
brain  is  very  intricate  in  its  structure  and  difficult  to  disentangle. 

In  general  paralysis  the  most  usual  anatomical  appearances  are 
those  of  a  chronic  inflammation  of  the  brain  and  its  membranes  {Men- 
inffo-encephalitis).  But  these  appearances  are  the  result  of  a  prolonged 
disease,  and  the  acute  symptoms  with  which  the  disease  often  begins, 
and  which  may  occur  at  intervals  throughout,  would  indicate  a  stage  of 
acute  inflammation.  Meyer  asserts  that  death  often  occurs  in  this  acute 
stage,  and  according  to  him  there  are,  in  the  swollen  and  hypenemic 
brain,  multiple  foci  in  which  collections  of  leucocytes  and  cajjillary 
haemorrhages  are  visible. 

In  the  more  Chronic  periods  of  the  disease  the  appearances  are  those 
rather  of  degenerative  than  of  active  processes,  but  the  degenerative  are 
presumably  secondary  to  the  inflammatory,  the  disease  having  very 
much  the  characters  of  an  interstitial  cerebritis  and  meningitis  with 
loss  of  the  proper  nervous  tissue  as  a  consequence,  a  cirrhosis  of  the 
brain. 
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The  appearances  are  prominently  those  of  Atrophy  of  the  brain.  On 
removing  the  calvarium  the  dura  mater  is  commonly  found  wrinkled 
and  the  soft  membranes  cedematous,  evidently  from  shrinking  of  the 
brain  substance.  The  oedema  of  the  membranes  is  most  visible  in  the 
sulci,  which  gape  and  are  filled  up  with  cedematous  connective  tissue. 
The  fluid  is  chiefly  in  the  membranes  over  the  parietal  and  occipital 
lobes,  perhaps  from  gravitation.  There  is  also  distension  of  the 
ventricles,  frequently  very  great,  so  that  the  brain  substance  lying 
between  the  fluid  in  the  ventricles  and  the  superficial  oedema  of  the 
membranes  is  greatly  shrunken.  The  surface  of  the  ventricles  is  beset 
with  little  prominent  granulations  which  are  often  very  marked.  The 
pia  mater  is  adherent  to  the  surface  of  the  convolutions,  so  that  on 
attempting  to  remove  it  bits  of  brain  substance  come  away.  These 
adhesions  may  be  taken  as  indications  of  the  inflammatory  nature  of  the 
disease,  and  their  locality  afi'ords  some  evidence  of  the  localization  of 
the  lesions.  Crichton  Browne  states  that  they  occur  mainly  in  the 
anterior  three  fourths  of  the  brain,  aff"ecting  the  frontal  lobe  chiefly 
in  its  anterior  and  posterior  thirds,  and  the  parietal  in  all  its  con- 
volutions. 

The  brain  as  a  whole  is  greatly  reduced  in  weight.  Taking  the  normal 
weight  of  the  brain,  including  membranes,  etc.,  as  fifty  ounces  for  the 
adult  male,  and  forty-five  for  the  female,  the  weight  in  general  paralysis 
often  falls  to  thirty-five  ounces.  The  loss  of  weight  does  not  afi"ect  the 
brain  uniformly;  it  is  mainly  the  cerebral  hemispheres  that  are 
affected,  the  basal  ganglia  and  peduncular  parts  being  much  less  so, 
and  the  cerebellum  not  at  all. 

The  membranes  show  irregular  thickenings.  The  Pia  mater  presents 
milky  opacities  or  more  obvious  patches  of  thickening.  The  Dura  mater 
is  so  frequently  affected  that  at  one  time  it  was  supposed  to  be  the 
primary  seat  of  disease.  It  presents  patches  of  thickening,  opacities, 
and  even  flat  bony  developments,  and  it  is  commonly  adherent  to  the 
calvarium.  Not  infrequently  there  are  extravasations  of  blood  of 
smaller  or  larger  size  accompanied  by  appearances  to  be  described  after- 
wards under  Pachymeningitis  chronica  hsBmorrhagica.  The  Calvarium 
itself  sometimes  presents  thickening,  which  is  usually  diffuse,  and  may 
be  chiefly  due  to  the  shrinking  of  the  brain ;  sometimes  there  are  also 
local  23rominences  or  actual  exostoses.  Sometimes  the  diploe  is  con- 
verted into  dense  bone,  so  that  the  calvarium  is  much  heavier  than 
normal — so-called  sclerosis  of  the  bone. 

These  appearances  are  duo  to  inflammation  and  shrinking  of  the 
brain  substance,  the  dropsy  of  the  ventricles  and  oedema  of  the  mem- 
branes occurring  in  order  to  fill  up  the  space  formerly  occupied  by  the 
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brain,  the  cranium  being  a  cavity  of  fixed  size  and  the  dropsy  being 
ex  vacuo. 

The  appearances  under  the  microscope  are  chiefly  those  of  diffused 
sclerosis  and  atrophy  of  the  brain  substance.  We  have  already  seen 
that  there  is  sclerosis  of  the  posterior  columns  of  the  cord,  and  this  may 
even  be  an  early  condition.  In  the  brain  there  are  often  traces  of  the 
earlier  acute  condition  in  the  form  of  little  clumjDs  of  pigment  around 
the  vessels,  the  remains  of  former  extravasations.  But  the  appearances 
are  more  those  of  degeneration.  The  ganglion  cells  are  shrunken  and 
frequently  pigmented ;  the  blood-vessels  show  sometimes  fatty  degen- 
erc^tion,  sometimes  a  homogeneous  glancing  appearance  (colloid) ;  and 
they  are  frequently  obstructed  by  glancing  masses  which  are  partly  cal- 
careous and  partly  colloid.  These  appearances  are  not  to  be  regarded 
as  in  any  way  peculiar  to  this  disease,  they  are  simply  evidences  of  the 
profound  atrophy  of  the  brain,  and  may  occur  to  a  limited  extent  in  old 
persons  where  there  has  been  only  a  senile  atrophy. 

(c)  Hydrophobia. — In  this  disease  there  are  indications  of  irritation 


Fig.  227. — A  blood-vessel  from  the  medulla  oUongatii  in  a  cuso  of  li>'drophobia.  Large 
numbera  of  round  colls  are  seen  in  its  sheath,    x  360 


of  certain  nervous  centres,  and  of  a  greatly  increased  reflex  irritabilitj^. 
The  centres  irritated  are  chiefly  those  of  the  medulla  oblongata  and 
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spinal  cord,  although  delirium,  indicating  irritation  of  the  cerebral 
cortex,  is  also  occasionally  present.  The  symptoms  point  mainly  to  the 
medulla  oblongata ;  there  are  various  spasms  of  the  muscles  of  deglu- 
tition and  respiration  which  occur  to  some  extent  spontaneously,  but 
are  also  -evoked  by  slight  sensory  stimulation.  The  mere  sight  of  water 
gives  rise  to  the  idea  of  swallowing  it,  and  brings  on  a  violent  spasm  of 
the  muscles  of  deglutition.  A  breath  of  cold  air  on  the  surface  of  the 
body  causes  a  violent  respiratory  spasm  or  gasp.  The  centres  in  the 
cord  are  also  irritated,  as  shown  by  the  tendency  to  spasm  of  the 
muscles  generally. 

In  this  disease  an  irritating  virus  is  present  in  the  blood  and  induces 
these  conditions  of  the  nervous  system.  Pasteur's  researches  have 
proved  that  the  virus  is  present  in  the  cord  and  medulla  (see  jd.  311). 
After  death  most  manifest  signs  of  irritation  are  usuall}'^  visible  on 
microscopic  examination.  They  are  to  be  found  most  characteristicallj^ 
in  the  medulla  oblongata  and  next  to  that  in  the  spinal  cord,  but  are 
not  absent  in  the  other  parts  of  the  nervous  system.  The  most 
prominent  condition  is  an  accumulation  of  leucocytes  around  the 
vessels  in  the  substance  of  the  cord  and  medulla  oblongata.  There  may 
be  just  a  few  leucocytes  in  the  sheath,  but  from  this  there  are  all 
gradations  up  to  a  condition  in  which  the  vessel  is  clothed  with  a 
mantle  consisting  of  many  layers  of  leucocytes  (Fig.  227).  The  leuco- 
cytes are  also  present  elsewhere,  and  sometimes  in  such  quantities  as  to 
induce  some  observers  to  speak  of  the  collections  as  miliary  abscesses. 
The  leucocytes  find  their  way  into  the  pericellular  spaces  and  are  found 
keeping  company  with  the  ganglion  cells  in  these  situations.  In  the 
medulla  oblongata  the  main  nutrient  vessels  are  towards  the  posterior 
part,  and  as  the  motor  nuclei  a;re  in  this  region,  it  may  be  that  the 
localization  of  the  irritation  here  is  partly  determined  by  their  prox- 
imity. In  addition  to  these  conditions  minute  haemorrhages  have  been 
observed  in  the  medulla  and  cord. 

Signs  of  irritation  are  present  in  other  parts  of  the  bodj^  besides  the 
nervous  system.  The  salivarj)-  glands  have  been  found  to  present 
abundant  leucocytes  between  the  glandular  elements  (Fig.  228).  In  the 
kidneys  also  there  are  signs  of  irritation  in  the  form  of  dilatation  of 
vessels  and  haemorrhage. 

It  is  clear  then  that  here  an  intense  irritant  is  circulatinsr  in  the 
blood,  and  the  intensity  of  it  may  be  judged  from  the  fact  that  all 
these  very  marked  appearances  occur  within  two  or  three  days  of  the 
onset  of  the  nervous  symptoms.  These  structural  changes  vary  greatly 
in  degree  in  different  cases,  being  sometimes  very  slight.  This  would 
indicate  that  the  virus  attacks  the  nerve  structures  directly,  and  that 
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the  inflammatory  appearances  are  concomitants  and  not  necessary  parts 
of  the  morbid  process.  They  are,  however,  evidences  of  the  jaresence 
of  a  strong  irritant. 


Fig.  22S.—  Prom  the  salivary  gland  in  a  case  of  hydrophobia.  In  the 
middle  is  portion  of  a  duct ;  abundant  round  cells  suiTOund  it  as 
well  as  the  glandular  structures,  shown  in  outline     x  350. 


(d)  Tetanus. — In  this  disease  we  have  another  example  of  an  intense 

I irritation  of  the  spinal  cord  and  medulla  oblongata.  There  is  here 
violent  spasm  of  the  muscles,  but  those  under  the  control  of  the  medulla 
oblongata  are  not  so  specially  involved  as  in  hydrophobia,  although  the 
person  frequently  dies  from  spasm  of  the  muscles  of  respiration. 
Here  again  there  are  signs  of  irritation  discoverable  in  the  spinal 
cord  and  medulla  oblongata,  although  they  are  very  different  from 
those  in  hydrophobia.  In  tetanus  the  most  prominent  and  constant 
appearance  .suggests  the  exudation  of  fluid  from  the  vessels.  The  fluid 
sometimes  collects  around  the  vessels  and,  as  in  hardened  specimens 
the  albumen  is  coagulated,  a  granular  apj^earance  is  produced.  In 
other  cases  it  looks  as  if  the  fluid  produced  a  disintegration  of  the 
neighbouring  nervous  tissue,  the  apj)earance  being  that  of  the  "granu- 
lar disintegration"  of  Lockhart  Clarke.  The  localization  of  the  dis- 
integration around  the  vessels  suggests  its  origin  in  an  exudation  from 
them.  There  is  also  usually  an  excess  of  leucocytes  around  the  vessels 
and  in  the  grey  substance  of  the  medulla  oblongata  generally. 

The  cause  of  the  irritation  in  tetanus  is  not  at  all  clear.  It  seems  likely,  how- 
ever, that  here  also  there  is  an  irritant  in  the  blood,  just  as  there  is  in  hydroijhobia. 
In  both  of  these  diseases  the  temperature  is  elevated,  and,  especially  in  the  case  of 
tetanus,  reaches  sometimes  a  most  startling  height  (110°  F.).  It  is  difficult  to 
account  for  this  extreme  rise  of  temperature  by  the  muscular  spasm,  though  the 
possibility  of  this  explanation  is  not  to  be  absolutely  denied.  It  seems  more  pro- 
bable, however,  that  an  irritant  acting  to  some  extent  generally  on  the  tissues  is  the 
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■cause  of  the  elevation  of  temperature.  This  is  the  more  likely  because  tetanus  has 
been  known  to  occur  in  epidemics,  and  because  if  a  case  survives  eight  days  there  is 
considerable  probability  of  recovery,  as  if  the  poison  ran  its  course  in  that  period. 
Some  authors  have  adduced  evidence  in  favour  of  the  view  that  the  poison  of 
tetanus  is  in  the  soil. 

Literature. — Abiicests  of  brain — Gowers,  Dis.  of  nervous  syst.,  ii. ;  Leberth,  Virch. 
Arch.,  X.  1856;  Billroth,  Arch.  d.  Heilk.,  1862;  Rettelheim,  (Abscess  from  em- 
pyema) D.  Arch,  f .  klin.  Med.,  1885,  xxxv. ;  Eiselber&,  ibid.,  xxxv. ;  Adams,  (Mode  of 
extension  from  ear)  Glasg.  Med.  Jour.,  1881,  xv. ;  Barker,  Babr,  Greenfield,  Coats, 
etc.,  ibid.,  1887,  xxviii.  119.  ScleroniH — Charcot,  Lectures  on  dis.  of  nerv.  syst., 
Syd.  Soc.  trans.,  1st  series,  1877 ;  Eindfleisch,  Virch.  Arch.,  xxvi. ;  Leyden, 
Deutsch.  Klinik.,  1867 ;  Ebb,  in  Ziemssen's  Encycl.,  1877,  xii. ;  Moxon,  Guy's 
Hosp.  Rep.,  1875,  xx. ;  Coats,  Glasg.  Med.  Jour.,  1879,  xii.  Acute  febrile  conditioiu 
— PoPOFF,  (Typhoid)  Virch.  Arch.,  Ixxxvii. ;  Schdle,  ibid.,  Ixvii. ;  Letzeeich,  ibid., 
Ixxv. ;  Blaschko,  ibid.,  Ixxxiii. ;  Middleton,  Jour,  of  Anat.  and  Phys.,  Oct.,  1880. 
Dementia  paralytica — ^Batle,  Gaz.  des  Hop.,  1854,  No.  77 ;  Obersteineb,  Virch. 
Arch.,  Hi. ;  Meyer,  ibid.,  Iviii. ;  Lockhaet  Clarke,  Lancet,  1866,  ii. ;  Cbichton 
Browne,  West  Riding  As.  Rep.,  vi.,  1876.  Hydrophobia — Benedikt,  Virch.  Arch., 
xiv. ;  Gowers,  Path,  trans.,  xxviii.,  and  Dis.  of  nerv.  syst.,  1888;  Coats,  Med. 
Chir.  trans.,  Ixi.,  1878;  Ross,  Path,  trans.,  xxx.,  1879.  Tetanus — Leyden,  Virch. 
Arch.,  xxvi.,  1863 ;  Lockhart  Clarke,  Med.  Chir.  trans.,  xlviii.,  1865 ;  Dickinson, 
ibid.,  li.,  1868;  Coats,  ibid.,  Ixi.,  1878;  Allbutt,  Path,  trans.,  xxii.,  1871. 

VI.— ATROPHY  AND  DEGENERATIONS  OF  THE  BRAIN. 

Under  the  congenital  malformations  of  the  brain  we  have  already 
described  several  conditions  which  might  be  included  in  the  designation 
congenital  atrophy  or  aplasia.  We  have  also  seen  that  in  Dementia 
paralytica  there  is  an  atrophy  of  the  brain  as  a  whole. 

Senile  atrophy  has  somewhat  similar  characters  to  that  last  men- 
tioned. Occasionally  the  brains  of  old  people  undergo  a  general 
shrinking,  and  the  space  is  made  up  partly  by  drojisy  of  the  ventricles 
and  oedema  of  the  membranes  and  partly  by  thickening  of  the  cranial 
bones.    The  atrophy  is  sometimes  partial. 

Degenerative  changes. — It  is  not  necessary  to  give  here  a  detailed 
account  of  these,  as  they  have  mostly  been  incidentally  referred  to. 

The  White  substance  of  the  brain  undei'goes  a  process  of  atrophy 
under  various  circumstances — in  softening  of  the  brain,  in  sclerosis, 
etc.  It  also  presents  a  condition  which  Lockhart  Clarke  has  desig- 
nated Granular  disintegration.  This  occurs  in  the  neighbourhood  of 
blood-vessels,  and  is  probably  due  to  exudation  from  them.  The  white 
substance  degenerates  into  an  indefinite  granular  material. 

The  Ganglion  cells  are  frequently  the  seat  of  atrophy  and  degen- 
eration. They  may  undergo  a  Simple  atrophy,  shrinking  and  losing 
their  processes.  But  very  commonljr  the  atrophy  is  accompanied  by 
pigmentation,  and  so  a  Pigmentary  degeneration  is  the  result.  Vir- 
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chow  was  the  first  to  describe  a  Calcification  of  the  ganglion  cells. 
This  condition  seems  to  be  of  frequent  occurrence  when  these  cells  are 
suddenly  deprived  of  vitality.  It  was  found  by  Virchow  originally  in 
cases  of  commotio  cerebri,  but  has  since  been  seen  in  softening  of  the 
brain,  in  acute  poliomyelitis  anterior,  etc.  The  ganglion  cells,  having 
died  and  having  undergone  coagulation-necrosis,  become  infiltrated  with 
lime,  like  other  dead  structures.  A  Hyaline  or  Colloid  degeneration 
of  the  ganglion  cells  has  also  been  described,  especially  in  cases  oif 
insanity. 

Secondary  degenerations  in  the  brain. — These  are  similar  to  those 
already  described  as  occurring  in  the  spinal  cord,  and  they  concern 
chiefly  the  pyramidal  tract.  This  tract  degenerates  when  it  is  cut  ofl' 
from  the  motor  convolutions  at  whatever  level.  This  severance  will  be 
due  to  destructive  lesions,  usually  haemorrhage  or  softening,  the  most 
frequent  seat  of  such  lesions  being  the  region  of  the  corpus  striatum. 
In  cases  of  extensive  destruction  of  the  motor  convolutions  the 
secondary  degeneration  has  been  traced  downwards  through  the  pyra- 
midal tract  to  end  only  in  the  spinal  cord.  A  tract  of  grey  degener- 
ation is  found  in  the  parts  of  the  corona  radiata  corresponding  with  the 
lesion.  It  extends  to  the  internal  capsule,  occupying  the  anterior  two 
thirds  of  its  hinder  limb  (iK  Fig.  217),  thence  it  passes  to  the  crus 
cerebri,  occupying  the  middle  two  fifths  of  the  crusta,  extending  from 
the  surface  below  nearly  to  the  substantia  nigra  above.  In  the  pons 
the  tract  is  anterior  (Fig.  229),  and  is  covered  over  by  transverse  fibres, 


which  also  pass  in  and  separate  the  bundles  (Figs.  21G  and  229). 
The  course  in  the  medulla  oblongata  and  cord  has  already  been  traced. 
In  some  cases  of  cerebral  disease  there  is  a  degeneration  on  both 
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sides  of  the  cord,  the  motor  centres  of  one  cerebral  hemisphere  being- 
represented  apparently  on  both  sides  of  the  body.  The  degeneration, 
however,  is  much  more  marked  in  the  pyramidal  tract  belonging  to  the 
lesion. 

Secondary  degeneration  also  occurs  in  the  fibres  passing  from  the 
parts  anterior  to  the  motor  area,  namely,  those  in  front  of  the  ascending 
frontal  convolution.  These  fibres  pass  through  the  anterior  limb  of  the 
internal  capsule  and  the  inner  part  of  the  crusta  of  the  peduncles,  to  end 
in  the  grey  matter  of  the  pons  where  their  degeneration  ceases.  These 
fibres  are  probably  prolonged  to  the  cerebellum,  forming  communi- 
cations between  the  frontal  convolutions  and  the  cerebellum  (fronto- 
cerebellar  fibres). 

If  of  long  standing  there  may  be  considerable  shrinking  in  the  parts 
afi'ected  by  the  secondary  degeneration  (see  Fig.  229). 


,VII.— TUBEECULOSIS  AND  SYPHILIS  OF  THE  BEAIN. 


Both  of  these  conditions  present  themselves  in  the  form  of  tumours, 
but  more  especially  tuberculosis.  In  its  clinical  aspects,  indeed,  tuber- 
culosis of  the  brain  substance  has  all  the  characters  of  a  tumoiu:,  and  it 
constitutes  about  half  the  cases  of  tumour  of  the  brain. 

1.  Tubercular  tumour  of  the  brain  {Scrofulous  tubercle  of  the  brain).- — 

As  already  indicated,  this  is  a  very 
common  lesion,  being  the  most 
frequent  form  of  tumour  of  the 
brain.  It  is  to  be  carefully  dis- 
,  tinguished  from  tubercular  men- 
ingitis, Avith  which  it  has  scarcelj' 
anything  in  common,  either  in 
anatomical    characters    or  clinical 

Fig.  230.— Tubercular  growth  iu  cerebellum,  features, 
o,  Main  mass  of  tumour  ;  b,  part  involving  cor-  , 

pora  quadrigemina ;  part  projecting  into  ihe  tubercuiar  tumOUr  OCCUrS 
fourth  ventricle  :  c,  thu-d  ventricle  ;  d,  pons.  „  ,  i  ■ 

most  frequently  in  young  persons, 
and  is  often  multiple.  We  have  seen  that  tubercles  are  minute  round 
bodies,  but  here  in  the  brain  substance  we  have  solid  tumours  of  a  size 
increasing  up  to  that  of  a  hen's  egg  and  larger.  These  massive  tumours 
are  composed  of  myriads  of  tulDercles,  along  with  the  products  of  their 
degeneration.  The  greater  part  of  the  tumoui-  is  made  up  of  a  firm 
yellow  caseous  mass,  which  resembles  very  closely  in  appearance  a 
scrofulous  gland  (see  Fig.  230).  Sometimes  the  cheesy  mass  is  directly 
continuous  with  the  brain  substance,  but  usually  there  is  a  transparent 
grey  zone  outside  it,  and  this  gradually  merges  in  the  brain  substance 
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around.  This  grey  zone,  when  it  exists,  indicates  that  the  tumour  has 
been  growing  up  till  death,  and  is  often  distinctly  composed  of  tubercles 
of  characteristic  form.  Sometimes  there  are  no  rounded  tubercles  in  it, 
and  it  forms  simply  a  cellular  zone.  The  grey  tissue  gradually  merges 
in  the  brain  substance,  and  both  it  and  the  brain  substance  show  inflam- 
matory conditions  characterized  by  the  presence  of  multitudes  of  round 
cells.  The  solitary  tubercles  are  met  with  in  all  parts  of  the  brain  and 
spinal  cord,  but  are  most  frequent  in  the  cerebellum,  and  next  to  that 
in  the  cerebrum. 

The  tumours  in  the  cerebrum  or  cerebellum  are  almost  always  near 
the  surface,  and  they  sometimes  lead  to  a  local  or  general  tubercular 
meningitis.  In  the  cerebellum  they  may  be  so  large  as  to  replace 
almost  the  entire  substance  of  a  lobe  (see  Fig.  230). 

2.  Syphilis  of  the  brain  and  its  membranes.— Syphilis  attacks  the 
brain  chiefly  in  conjunction  with  the  membranes.  It  is  very  rare  to 
meet  with  a  syphilitic  tumour  in  the  brain  substance  without  some  con- 
nection with  the  surface,  and  probably  the  lesion,  in  almost  every  case, 
begins  in  the  membranes.   The  lesions  are  those  of  the  tertiary  stage,  and 


Fig.  231. — ijiimma  of  inombriinoH  affucting  bruiu.  a,  Tliickeuud  nioiiibnuiu.s 
adherent  to  brain  ;  b,  b,  arteries  with  syphilltie  endarteritis  ;  c,  c,  round-celled 
tissue  in  brain  substance  ;  d,  caseous  structures,  Involving  occluded  capillarios 
c,  c,  e. 

have  the  characters  already  described.  They  are,  the  gumma  associated 
with  more  or  less  inflammation  around,  and  the  affection  of  the  arteries. 

The  Gumma  occurs  as  a  grey  or  yellow  mass,  or  is  variously  com- 
posed of  both  grey  and  yellow  material.  The  grey  structure  consists 
of  more  or  less  fresh  granulation  tissue,  while  the  yellow  is  due  to  case 
ous  necrosis,  and  hence  is  older.    The  caseous  part  consists  of  granular 
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structureless  matter,  in  which  may  be  recognized  some  traces  of  the 
original  tissue,  along  with  fat  and  blood-pigment.  The  mass  presents 
these  two  constituents  in  varying  abundance  (see  Fig.  231),  and  the 
outline  of  the  tumour  is  indefinite,  shading  off'  on  the  one  hand  into 
inflamed  and  thickened  membranes,  and  on  the  other  into  the  brain 
substance  infiltrated  with  round  cells. 

Sometimes  the  gumma  obviously  grows  from  the  Soft  membranes,  the 
pia-arachnoid.  The  membranes  are  thickened  and  matted,  and  ad- 
herent to  the  brain  beneath.  From  their  under  surface  rounded  masses 
bulge  against  the  brain  substance,  adhering  to  it  and  causing  destruction. 
There  is  usually  a  zone  of  softening  at  the  advancing  margin  of  the 
tumour,  and  there  may  be  considerable  areas  of  softening  deeply  in  the 
brain  substance  due  to  disease  of  the  arteries  in  connection  with  the 
gumma  (see  below).  In  other  cases  the  gumma  is  seated  chiefly  in  the 
brain  substance,  but  it  is  superficial,  and  the  soft  membranes  are 

involved  in  the  process. 
On  the  other  hand,  the 
Dura  mater  may  be  the 
primary  seat  of  the  tumom', 
and  here  we  have  tumours 
of  considerable  size  (see 
Fig.  232),  as  large  as  a 
pigeon's  or  even  a  hen's 
egg.  The  dura  mater  is 
thickened  and  adherent  to 
the  soft  membranes,  and 
the  tumour  is  usually  to  a 
large  extent  caseous. 
These  tumours  have  a 
special  tendency  to  form  in 
the  duplicatures  of  the 
dura  mater,  such  as  the  falx 
cerebri.  The  projecting 
tumours  impinge  on  the 
brain  substance  like  those  of  the  soft  membranes,  but  they  also,  when 
seated  over  the  surface,  project  against  the  bone,  producing  erosion 
which  may  be  considerable  (dry  caries). 

The  gumma  may  occur  at  any  part  of  the  convexity  of  the  brain,  and 
is  also  frequent  at  the  base,  affecting  especially  the  optic  chiasma,  pons, 
and  crura.  By  the  latter  it  may  extend  to  the  optic  thalamus,  but 
otherwise  scarcely  attacks  the  basal  ganglia.  It  not  infrequently  involves 
the  cerebral  nerves  as  they  issue  from  the  brain,  especially  the  optic,  and 
those  emerging  from  the  peduncles  and  pons  (third,  fourth,  and  fifth). 


Fig.  232. — Gummata  of  dura  mater  impinging  on  and 
causing  atrophy  of  the  convohitions.  (From  case  in 
Western  Infirmary  Museum.) 
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It  has  been  already  stated  that  inflammation  and  thickening  of  the 
membranes  occur  around  the  gaimmata,  but  sometimes  a  condition 
exists  which  may  be  designated  a  Gummatous  meningitis.  The  gum- 
matous tissue  is  formed  more  diffusely  in  the  form  of  a  grey  gelatinous 
layer,  covering  a  considerable  surface  at  the  base  or  on  the  convexity. 
In  the  former  case  there  may  be  some  resemblance  to  tubercular  menin- 
gitis. In  the  latter,  the  whole  membranes  are  thickened  and  matted 
together  by  gummatous  tissue,  and  the  brain  substance  beneath  is  soft- 
ened. If,  under  treatment  or  otherwise,  the  proper  gummatous  tissue 
disappears,  then  the  thickened  membranes  may  present  the  appearance 
of  an  old  simple  inflammation. 

Syphilitic  disease  of  the  blood-vessels,  although  not  confined  to 
those  of  the  brain,  is  most  frequent  and  most  characteristic  in  them  (see 
p.  196).  The  lesion  is,  in  many  cases,  simply  a  part  of  the  phenomena 
in  connection  with  a  gumma  and  presents  itself  in  a  number  of  small 
arteries,  as  an  endarteritis  obliterans  (see  Fig.  231,  h,  h).  But  it  also 
occiu-s  as  an  isolated  aff"ection  of  the  larger  cerebral  vessels,  chiefly  those 
which  contribute  to  the  circle  of  Willis.  The  appearances  are  like  those 
of  atheroma,  but  the  affection  is  more  localized,  occurring  mostly  in  a  few 
patches  and  not,  as  in  atheroma,  extending  to  a  large  number  of  branches. 
The  patches  are  greyish  white  and  opaque,  and  the  wall  is  firm,  so  that 
the  vessel  preserves  its  cylindrical  shape.  The  newformation  has  a  dense 
character,  and  as  it  consists  in  thickened  internal  coat,  the  calibre  is 
diminished  or  even  obliterated  if  thrombosis  ensue. 

The  lesion  is  a  gummatous  newformation  in  the  wall  of  the  artery. 
It  has  its  seat,  according  to  Heubner,  especially  between  the  elastic 
lamina  and  the  endothelial  layer.  The  newformation  consists  of  granu- 
lation tissue  and  rudimentary  connective  tissue  in  the  form  of  spindle 
and  stellate  cells.  The  lesion  is  apt  to  extend  some  distance  along 
vessels,  sometimes  involving  communicating  branches. 

An  important  result  of  this  affection  of  the  arteries  is  local  Softening 
of  the  brain.  This  may  occur  either  in  relation  to  a  proper  gumma,  or 
independently,  from  the  affection  of  an  artery  alone.  It  is  due  to  the 
narrowing  of  the  calibre  and  occlusion,  and  has  the  same  nature  as  soft- 
ening from  embolism,  etc.  The  softening  may  be  seated  at  some  distance 
from  the  gumma  or  arterial  lesion,  especially  where  a  long  artery  is  dis- 
tributed without  intervening  branches.  According  to  Heubner  the 
lesion  affects  most  frequently  the  carotid  and  its  branches,  especially 
the  middle  cerebral,  so  that  we  may  have  softenings  in  the  basal  ganglia 
as  in  embolism. 

The  Functional  effect  of  these  various  lesions  depends  largely  on  their 
Localization.  The  gummataand  resulting  inflammations  of  the  convexity, 
occurring  as  they  do  on  the  surface,  will,  at  first,  irritate  the  surface  of 
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the  convolutions.  If  a  motor  part  be  affected  then  there  will  be  muscu- 
lar spasm,  often  progressive  and  ending  perhaps  in  general  convulsions 
of  a  quasi-epileptic  character.  Any  sort  of  local  spasm  may  be  produced 
according  to  the  particular  part  irritated.  If  the  lesion  be  over  a  sensory 
part  there  will  be  subjective  sensory  impressions.  Wc  have  alreadj- 
seen  that  the  brain  substance  commonly  gets  involved  in  the  gumma, 
and  that  outside  it  there  is  also  softening  of  the  brain.  This  destructioji 
of  brain  substance  involves  loss  of  function,  namely,  paralysis  or  loss  of 
sensation ;  but  there  will  still  be  irritation  of  the  marginal  parts,  and 
though  paralyses  and  ansesthesise  may  develop,  the  signs  of  irritation 
generally  remain  prominent.  At  the  base  the  gumma  is  very  apt  to 
involve  motor  tracts.  The  motor  fibres  of  the  pons  and  peduncles  arc 
anterior,  and  are  therefore  more  exposed  to  the  inroads  of  the  tumour. 
But  these  paralyses  are  ajjt  to  be  complicated  hj  the  lesion  extending  to 
the  cerebral  nerves  which  issue  here,  mainly  the  optic,  third,  fourth,  and 
fifth,  and  so  we  have  very  complex  conditions  brought  about,  such 
as  crossed  paralysis,  etc.  Again,  the  syphilitic  disease  of  the  arterie.^; 
occurs  most  frequently  in  the  carotid  and  middle  cerebral,  and  the 
resulting  softening  is  usually  most  manifest  in  the  region  of  the  corpus 
striatum  and  motor  convolutions.  In  this  way  a  hemiplegia  may  be 
produced  which  imitates  that  from  embolism.  It  will  be  seen  that  a 
great  variety  of  symptoms  may  be  produced  from  syphilitic  lesions 
of  the  brain  and  its  membranes. 

Literature. — Heubnbr,  Die  luetische  Erkrankung  der  Hirnarterien,  1874;  Geeen- 
FiELD,  Gow^ES,  Hutchinson,  Goodhaet,  and  others  in  Path,  trans.,  xxviii.,  1877, 
pp.  249-360 ;  Gbeenfield,  Path,  trans.,  xxix.,  1878. 

Vin.— TUMOUES  AND  PAEASITES  OF  THE  BEAIN. 

Tumours  are  of  frequent  occurrence  in  the  brain,  and  produce  second- 
ary consequences  of  great  imjjortance.  These  secondary  results  are 
mostly  related  to  the  fact  that  the  brain  is  enclosed  in  a  rigid  case,  and 
that  either  by  their  own  bulk  or  otherAvise  the  tumours  are  liable  to 
increase  the  contents  of  the  cranial  cavit3^  Hence  there  is  pressure 
exercised  on  the  brain.  In  addition  to  this  there  are  various  destruc- 
tive effects  produced.  The  secondary  effects  are,  from  a  practical  point 
of  view,  the  most  important  consequences  of  the  presence  of  tumom-s, 
and  as  these  efi'ects  are,  on  the  whole,  similar,  whatever  the  nature  of 
the  tumour  and  whether  it  be  primary  or  secondary,  intra-crajiial 
tumours  form  a  consistent  group  of  lesions.  In  this  view  tubercular  and 
syphilitic  tumours  are  on  a  similar  level  with  other  forms. 

Pressure  effects  are  of  great  importance.  Any  tumour  in  its  growth 
will  press  on  the  parts  in  its  immediate  neighbourhood,  and  the  usual 
result  is  Softening  of  the  brain  substance  around,  the  proper  tissue- 
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elements  being  desti'oyed.  AVhcn  the  growth  is  slow  there  may  be 
little  pressure,  and  the  nerve  structures  may  partly  persist  around  the 
tumour  or  even  be  contained  in  its  pei'ipheral  parts,  if  the  growth  is  an 
infiltrating  one  like  the  glioma.  The  pressure  is  also  exerted  at  a  dis- 
tance. The  tumour  itself  by  its  bulk  added  to  that  of  the  cranial 
contents  increases  the  intracranial  pressure.  The  action  of  the  pressure 
will  depend  somewhat  on  locality.  The  dense  membranous  septa,  the 
falx  and  the  tentoi'ium,  but  especially  the  latter,  limit  its  action.  A 
tumour  of  the  cerebellum  Ijeing  confined  by  the  tentorium  will  often 
cause  compression  of  the  parts  beneath  the  latter,  and  the  pons  is  not 
infrequently  damaged  by  such  tumours  (Gowers).  Again,  tumours  often 
lead  to  Hydrocephalus,  or  accumulation  of  fluid  in  the  ventricles,  and 
this  raises  the  general  intracranial  pressure.  This  occurs  chiefly  when 
they  press  on  the  transverse  fissure  so  as  to  obstruct  veins  or  lym- 
phatics there  (see  further  on  under  Hydrocephalus).  There  may  be 
considerable  thinning  of  the  bones  from  pressure  either  with  or  without 
hydrocephalus,  and  sometimes  even  a  gap  in  the  bones.  In  children  the 
sutures  may  be  widened  by  the  intracranial  pressure.  The  relation  of 
increased  pressure  to  afi"ections  of  the  optic  nerve  is  referred  to  further  on. 

Inflammatioii  is  a  frequent  result  around  a  tumoiir.  The  irritation 
of  the  tumour  frequently  leads  to  prominent  symptoms  during  life,  and 
its  presence  causes  structural  changes.  The  brain  substance  in  some 
cases  shows  sclerosis,  although  softening  is  more  frequent.  The  mem- 
branes on  the  other  hand  are  usually  thickened  by  chronic  inflammation, 
over  the  seat  of  the  tumour  and  even  at  a  distance.  In  syphilis  the 
inflammation  of  the  membranes  is  very  great,  and  in  tuberculosis  there 
is  sometimes  an  associated  tubercular  meningitis. 

Glioma. — This    form  /  _  ^^^^.^^  m>  vj^^^i-  . , 


of  tumour  is  peculiar  to 
the  nervous  system  and 
is  of  frequent  occur- 
rence there.  As  its  tis- 
sue somewhat  resembles 
brain  substance  in  con- 
sistence, and  as  the 
tumour  is  an  infiltrating 
one,  its  boundaries  are 
frequently  very  inde- 
finite and  it  may  even 
appear  as  a  simple  local 
enlargement  of  the 
brain.  Some  cases  de- 
scribed as  instances  of  local  hypertrophy  are  of  this  latter  kind. 


Fiif.  233. — Glioma  of  brain. 
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On  section  the  tumour  generally  shows  some  difterence  in  colour  from 
the  brain  substance  into  which  it  merges  at  its  boundaries.  It  is 
generally  redder  than  the  white  substance,  and  sometimes  deeply 
red  from  excessive  development  of  vessels.  There  is  not  infrequentl}' 
haemorrhage  in  the  substance  of  the  tumour,  and  this  may  be  so  con- 
siderable that  the  whole  softened  mass  has  the  appearance  of  an 
extravasation  of  blood,  and  may  be  mistaken  for  this. 

In  its  structure  the  glioma  consists  of  cells  usually  round  and  of  small 
size.  These  are  enclosed  in  a  granular,  homogeneous,  or  finel}'- 
fibrillated  inter-cellular  substance  (see  Fig.  233),  which  is  usually  very 
soft  and  delicate.  Sometimes  the  inter-cellular  substance  has  a  distinctly 
fibrous  character,  and  the  tumour  is  then  very  firm.  Sometimes  the  in- 
tercellular substance  has  a  mucous  character,  in  which  case  the  tumour 
may  be  designated  a  Myxo-glioma.  On  the  other  hand  the  tissue  may  be- 
come very  cellular  and  the  tumour  assume  the  characters  of  the  sarcoma. 

The  glioma  usually  grows  slowly.     When  it  reaches  the  surface 

there  are  sometimes  defined  growths  formed,  which  may  be  pedunculated. 

There  may  be  small  separate  growths  formed  on  the  surface  (Gowers). 

Ziegler  describes  under  the  name  Neuro-glioma  tumours  comi^osed  not  only  of 
neuroglia,  but  also  of  ganglion  cells  and  nerve  fibres.  Sucli  tumours  are  due  to 
errors  of  development,  and  are  congenital.  They  are  better  regarded  as  cases  of 
Heterotopia  of  the  brain  substance  (see  under  Malformations  of  the  brain). 

The  Psammoma  is  not  a  frequent  tumour  of  the  brain  substance, 
being  much  more  common  in  the  choroid  plexus  and  dura  mater.  But 

it  does  occur  in  the  substance  of 
the  brain,  as  in  the  case  from 
which  Fig.  79,  p.  245,  is  taken. 
Here  a  hard  calcareous  tumour, 
which  Avas  with  difficulty  incised, 
measured  |  by  |  of  an  inch,  and 
to  that  extent  completely  re- 
placed the  brain  substance.  It 
was  seated  at  the  sui'face  of  the 
convolutions.  As  shown  in  the 
figure  it  was  composed  of  the 
characteristic  sand  granules  held 
togethpr  bj'^  a  very  small  quantity 
of  connective  tissue.  These  bodies 
also  occur  in  other  tumours, 
chiefly  the  Sarcomas. 

Sarcoma. — The  sarcoma  of  the 
brain  substance  is  a  cii'cumscribed 
tiunour,  in  this  respect  contrast- 


Fig.  234.—  Spiiidlo-oelled  sarcoma  of  brain. 
It  forms  a  dofinod  tumour.  Tho  alTocted  hemi- 
sphere is  considerably  enlarged  by  Its  presence. 
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ing  with  the  glioma  (see  Fig.  234).  It  occurs  in  the  midst  of  the  brain 
substance,  and  usually  in  a  more  or  less  rounded  form,  being  free  to  ex- 
pand in  all  directions  on  account  of  the  softness  of  the  tissue  around.  The 
round-celled  sarcoma  is  the  commonest  form,  but  spindle-celled  tumours 
and  those  with  variously  shaped  cells  are  not  infrequent.  The  sarcomas 
vary  in  consistence,  the  softer  ones  being  usually  round-celled.  They 
may  soften  in  the  central  parts  and  form  cysts.  Most  demarcated 
tumours  of  the  brain,  excluding  tubercular  masses,  are  sarcomas. 

Myxoma  is  not  a  frequent  tumour  of  the  brain.  The  Cylindroma  is 
also  of  occasional  occurrence  (see  p.  259). 

Of  the  other  tumours,  Osteomas  are  occasionally  seen.  Lipomas 
are  very  rare.   Angioma  is  also  rare. 

Cancer. — Primary  cancer  occurs  in  the  substance  of  the  brain,  but 
is  perhaps  usually  connected  with  one  of  the  ventricles,  probably 
deriving  its  epithelial  elements  from  these.  In  the  case  figured  (see 
Fig.  235)  the  tumour  had  its  seat  chiefly  in  the  fourth  ventricle  and 


Fig.  235. — Primary  cancer  of  the  brain,  a  Tumour,  b,  Corpora 
quadrigemina  stretched  over  it.  The  aqueduct  of  Sylvius  is 
visible  between  tumour  and  corpora  quadrigemina  ;  the  tumour 
bulges  into  fourth  ventricle,  c,  Thalamus  opticus,  d,  Third 
ventricle 

aqueduct  of  Sylvius,  bulging  into  these.  The  tumour  consisted  of  a  vascu- 
lar-stroma  and  cylindrical  cells  which  impinged  on  the  brain  substance. 

The  Cholesteatoma  or  Pearl  tumour  is  a  rare  form  of  tumour  which 
occurs  chiefly  in  the  membranes  but  is  also  met  with  in  the  substance 
of  the  brain.  It  consists  of  a  cyst  containing  epidermic  cells  which 
have  a  glancing  character  and  are  arranged  in  rounded  masses.  The 
tumour  has  a  soapy  a|)pearance.  It  probably  originates  from  the  epi- 
thelium of  the  spinal  canal  or  ventricles,  and  is  therefore  an  eiDithelioma. 
Zicgler  mentions  that  small  hairs  may  be  present  in  the  tumour. 

Secondary  cancer  is  not  common  in  the  brain,  but  it  may  form  single 
or  multiple  tumours.  In  a  case  recorded  by  the  author  in  which  the 
primary  tumour  was  presumably  in  the  lung,  the  secondary  tumours 
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occurred  chiefly  in  the  form  of  Cysts,  of  which  there  were  twenty-four 
discovered  in  the  brain  (see  Fig.  236).  In  one  of  the  tumours  which  was 
not  yet  entirely  cystic  the  cancerous  structure  was  apparent(see  Fig.  237). 


Fig.  236.— Secondary  cancer  in  brain.  Cysts  developed. 


Parasites. —  The  Cysticercus  of  the  taenia  solium  has  occasionally  its 
seat  in  the  brain,  mostly  in  the  cortical  portions,  but  it  may  be  in  any 
situation.  It  forms  a  small  round  structure  enclosed  in  a  connective 
tissue  capsule.  Inside  this  the  proper  stratified  membrane  of  the 
parasite,  with  the  head  (see  Fig.  123,  p.  328)  and  other  structures,  are 
to  be  found.  Sometimes  the  parasite  is  dead  and  calcified.  As  a  rule  it 
produces  little  disturbance,  and  is  often  found  by  accident  after  death. 
If  situated  in  the  peduncular  portions  it  may  produce  serious  symptoms, 
but  even  here  its  slow  growth  and  small  size  generally  allow  of  accom- 
modation. Sometimes  several  cysticerci,  as  many  as  10  to  20,  have 
been  found. 

The  Echinococcus  more  rarely  develops  in  the  brain,  forming  its 
usual  cysts,  which  are  generally  in  the  substance  of  the  cerebral  hemi- 
spheres. They  also  occur  in  other  parts  of  the  brain,  and  between  the 
dura  mater  and  the  bone. 

Literature.— GowKUH,  1.  c,  ii.;  Kale  White,  Guy's  Hosp.  Eep.,  xliii.,  1886; 
ViiiCHOw,  (Glioma)  Gescliwiilste,  ii.  123  ;  Various  authors  aud  tabulations  of  54 
tumours.  Path,  trans.,  188G,  xxxvii.,  p.  0-89 ;  Coats,  (Cancer)  Path,  trans.,  1888, 
xxxix.,  p.  5,  (Multiple  cysts)  do.,  p.  326;  Eppinger,  (Cholesteatoma)  Prag. 
Vierteljahrschr.,  1875  ;  Rokitansky,  (do.)  Handbuch,  ii.;  Mullek,  Virch.  Arch.  viii. 
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SECTION  III.— Continued. 

D.— THE  MEMBRANES  AND  CAVITIES  OF  THE  BEAIN 
AND  SPINAL  COED. 

Introduction.  I.  Acc0mulation  of  cerebro-spinal  fluid.  1.  CEdema  of  mem- 
branes. 2.  Hydrocejihalus,  acquired  and  coiujenital.  3.  Dropsies  of  central  canal 
and  meninges  of  cord,  (a)  IJ ydrorhachis  interna,  hydromyelia,  syringomyelia. 
(b)  Spina  hifda,  in  various  forms;  the  tumour  of  spiina  bifida;  condition  of 
the  cord ;  spina  bifida  occidta.  II.  Meningeal  haemorrhage.  Hematoma  of 
dura  mater;  2.  ffcemorrhages  in  soft  membranes,  especially  the  infantile  form. 
TIT.  Inflammations.  Meningitis.  1.  Pachymeningitis;  2.  Leptomeningitis, 
including  (n)  simple,  acute,  and  chronic,  [h)  epide^nic  cerebro-spinal,  and  (c)  tuber- 
cular meningitis.  IV.  Tumours  of  the  Meninges.  V.  Affections  of  the 
Pineal  and  Pituitary  bodies. 

1NTE0DUCTI0N.— The  dura  mater  is  a  dense  connective-tissue  membrane  which 
has  much  more  intimate  connections  with  the  bones  than  with  the  brain  and 
spinal  cord,  forming,  in  fact,  a  periosteum  to  the  bone.  On  the  internal  surface 
there  is  no  separate  arachnoid  membrane,  but  the  dura  mater  is  less  vascular  here 
than  in  its  external  layers.  The  space  between  the  dura  mater  and  the  surface  of 
the  brain  is  sometimes  described  as  a  serous  cavity  analogous  to  the  pleura  or  peri- 
toneum, but  in  its  pathological  relations,  at  least,  it  is  very  different,  and  it  is  better 
designated  as  the  Subdural  space.  The  internal  surface  of  the  dura  mater  and  the 
external  surface  of  the  arachnoid  are  defective  in  vessels,  and  are  hence  little  liable 
to  inflammations.  This  cavity  forms,  in  fact,  a  kind  of  barrier  to  the  propagation 
of  inflammations  either  from  without  or  within.  Hence  inflammations  of  the  ex- 
ternal surface  of  the  dura  mater  seldom  extend  to  its  internal  surface,  and  it  is  very 
rare  to  meet  with  an  inflammation  affecting  the  whole  subdural  space.  On  the  other 
hand  the  arachnoid  and  pia  mater  really  form  one  membrane,  which  is  partly  in  two 
layers.  The  deep  layer  or  pia  is  closely  connected  with  the  surface  of  the  brain  or 
spinal  cord,  following  the  various  irregularities  of  the  surface.  This  deep  layer  is 
connected  with  the  superficial  one,  the  arachnoid,  more  or  less  intimately.  In  the 
sulci  between  the  convolutions  there  is  loose  connective  tissue  with  many  interstices, 
constituting  the  Subarachnoid  space.  But  on  the  summits  of  the  convolutions  the 
two  are  intimately  united.  The  free  surface  of  the  arachnoid  is,  like  that  of  the  dura 
mater,  defective  in  vessels,  and  inflammations  of  the  deeper  layer  scarcely  ever  ex- 
tend to  this  surface.  We  have  thus  to  distinguish  the  dura  mater  connected  with 
the  bone,  the  subdural  space,  the  pia-arachnoid  forming  the  proper  meninges  of  the 
brain,  and  the  subarachnoid  space. 
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The  Cerebro-spinal  fluid  is  contained  partly  in  the  ventricles  of  the  brain  and  central 
canal  of  the  spinal  cord  on  the  one  hand,  and  partly  in  the  subarachnoid  space  on 
the  other.  Between  these  two  there  are  important  communications.  The  pia  mater 
is  prolonged  into  the  lateral  ventricles  through  the  transverse  fissure,  as  the  velum 
inteii^ositum  and  choroid  plexus,  thus  forming  a  somewhat  free  communication. 
There  is  also  an  open  communication  between  the  lower  part  of  the  fourth  ventricle 
and  the  subarachnoid  space,  by  the  foramen  of  Majendie.  The  subarachnoid  space 
and  the  ventricles  of  the  brain  with  the  central  canal  of  the  spinal  cord  thus  form  a 
continuous  system  of  lymph  spaces,  and  the  cerebro-spinal  fluid  circulates  in  them. 
In  addition  to  this,  the  subarachnoid  space  communicates  with  lymph  spaces  around 
the  vessels  and  ganglion  cells,  the  Perivascular  and  Periganglionic  spaces.  It  is  im- 
portant to  observe  that  the  subarachnoid  space  does  not  communicate  with  the  sub- 
dural space. 

I.— ACCUMULATION  OF  THE  CEREBRO-SPINAL  FLUID  IN 
THE  MEMBRANES  AND  CAVITIES. 

It  has  been  already  pointed  out  that  the  subarachnoid  space,  with 
the  ventricles  and  central  canal  of  the  spinal  cord,  forms  a  single 
system  of  lymph  spaces  which  intercommunicate.  The  lymph  in  these 
spaces  may  accumulate,  and  so  lead  to  various  forms  of  oedema  and 
dropsy  of  the  brain.  In  this  connection  it  is  important  to  remember 
that  the  skull  is  a  closed  cavity,  and  any  increase  in  the  fluid  in  these 
spaces  implies  a  decrease  in  the  quantity  of  blood  in  the  vessels  or 
of  the  brain  substance  itself 

1.  (Edema  of  the  membranes. — There  may  be  General  cedema  of  the 
membranes  and  spaces,  perhaps  including  the  perivascular  spaces  in  the 
brain  substance.  This  sometimes  takes  place  in  Bright's  disease,  and 
may  occur  along  with  an  oedema  of  other  parts,  or  develop  in  a 
more  isolated  manner.  The  pressure  of  the  fluid  in  this  case  was 
asserted  by  Traube  to  be  the  cause  of  the  symptoms  usually  called 
uraemic,  and  in  some  cases  it  may  contribute  to  the  nervous  disturb- 
ances of  that  condition. 

Then  there  is  an  (Edema  ex  vacuo,  ^¥\lcn  the  brain  shrinks,  as  we 
have  seen  in  General  paralysis,  or  when  it  undergoes  a  more  simple 
atrophy  as  in  Senile  atrophy,  there  is  a  serious  loss  of  substance. 
The  loss  of  substance  thus  produced  may  be  compensated  hy  thicken- 
ing of  the  cranium  or  by  augmentation  of  the  cerebro-spinal  fluid. 
Thickening  of  the  cranium  takes  place  only  to  a  limited  extent,  and 
the  space  is  chiefly  filled  up  by  fluid.  The  ventricles  dilate  greatly 
{hydrocephalus),  and  the  subarachnoid  space  is  highly  oedematous.  It  is 
to  be  particularly  observed  that  there  is  seldom  any  excess  of  fluid  in 
the  subdural  space,  but  that  the  soft  membranes,  especially  between 
the  atrophied  convolutions,  are  highly  oedematous. 

2.  Hydrocephalus. — This  term  expresses  a  massive  accumulation  of 
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fluid  insido  the  skull.  The  fluid  is,  in  the  great  majority  of  cases,  in 
the  ventricles,  more  especially  the  lateral  ventricles,  but  in  some  cases 
it  is  in  the  subdural  space.  Hence  the  terms  Internal  and  External 
hydrocephalus.  The  latter  condition  scarcely  occurs  unless  there  be  a 
congenital  defect  in  the  formation  of  the  brain,  it  may  be  even  a  per- 
foration or  absence  of  the  corpus  callosum,  so  that  the  ventricles  com- 
municate with  the  subdural  space. 

External  hydrocephalus  is  sometimes  used  as  equivalent  to  oedema  of  the  mem- 
branes, but  this  is  an  incorrect  use  of  the  term,  which  really  expresses  a  considerable 
collection  in  a  cavity. 

(a)  Acquired  hydrocephalus. — Apart  from  the  form  ex  vacuo,  hydro- 
cephalus as  met  with  in  the  adult  is  mostly  related  to  a  definite 
disturbance  of  the  circulation  in  the  brain.  The  ventricles  are  sup- 
plied with  fluid  chiefly  through  the  choroid  plexus,  and  any  obstruction 
to  the  veins  here  is  liable,  by  causing  a  passive  hypersemia,  to  lead  to 
an  excessive  exudation.  It  seems  also  as  if  the  choroid  plexus,  with  its 
villi,  acted  as  a  drain  to  the  ventricles,  the  fluid  passing  into  its  lymph 
spaces,  and  so  either  into  the  veins  or  outwards  to  the  subarachnoid 
space.  If  the  veins  are  obstructed  they  can  no  longer  aid  in  absorption, 
but  on  the  contrary  their  obstruction  causes,  as  we  have  just  seen, 
excessive  transudation  from  the  capillaries.  Again,  if  the  lymphatic 
vessels  and  spaces  are  filled  up,  this  will  interfere  with  the  absorption, 
so  that  dropsy  may  arise  in  this  way.  We  have  therefore  two  classes 
of  cases,  one  in  which  the  veins  and  another  in  which  the  lymph  sjiaces 
are  obstructed. 

The  veins  of  the  choroid  plexus  gather  themselves  into  the  great 
Veins  of  Galen,  which  pass  outwards  between  the  corjDus  callosum 
and  corpora  quadrigemina  to  open  into  the  straight  sinuses.  In  cases 
of  obstruction  of  these  veins  there  may  be  a  raj^id  accumulation  of  fluid 
in  the  ventricles,  and  death  may  even  result  from  the  sudden  increase 
of  intracranial  pressure.  These  veins  may  be  obstructed  by  pressure 
from  without,  especially  by  tumours  of  the  cerebellum,  or  by  thrombi 
occupying  their  calibre.  In  most  cases  the  thrombus  originates  in  the 
sinuses,  and  grows  into  the  veins  of  Galen,  but  Newman  has  recorded 
a  case  in  which  these  veins  alone  seemed  to  be  the  seat  of  throm- 
bosis. 

In  Tubercular  meningitis  hydrocephalus  is  nearly  constant,  but  it 
is  rather  difficult  of  exjjlanation.  Tubercles  ai-e  generally  found  on  the 
vessels  of  the  choroid  plexus,  and  the  exudation  in  the  ventricles  is 
sometimes  inflammatory  in  character.  This  is  rarely  the  case,  however, 
as  the  exudation,  consisting  of  a  clear  pellucid  fluid  with  little  albumen, 
and  of  a  low  specific  gravity  (about  1010),  presents  the  characters  rather 
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of  a  transudation  than  an  inflammatory  exudation.  The  explanation  is 
probably  to  be  found  in  part  in  the  exudation  outside  the  ventricles. 
This  is  generally  abundant  where  the  velum  interpositum  passes  into 
the  ventricles  in  front  of  the  cerebellum,  and  here,  besides  filling  up  the 
lymph  spaces,  it  is  liable  to  cause  pressure  on  the  veins  of  Galen  as  they 
pass  through  the  comparatively  narrow  isthmus.  This  is  the  more 
likely  to  produce  hypersemia  and  exudation  from  the  fact  that  the 
arteries  reach  the  plexus  by  a  diff"erent  route,  and  are  not  so  liable  to 
be  pressed  on. 

(b)  Chronic  hydrocephalus.  Congenital  hydrocephalus.— It  has  been 
pointed  out  in  a  previous  section  that  various  malformations  affecting 
brain  and  cranium  are  due  to  dropsy  of  the  cerebro-spinal  canal  during 
early  foetal  life.  A  similar  dropsy  may  occur  at  later  periods  of  intra- 
uterine life,  or  even  after  birth.  The  condition  may  be  designated 
chronic  hydrocephalus,  which,  it  will  be  understood,  is  often  congenital, 
and  may  by  the  enlargement  of  the  head  produce  serious  difficulty  in 
delivery.  No  proper  explanation  of  the  dropsy  has  been  offered.  It 
is  said  that  chronic  hydrocephalus  often  goes  along  with  rickets,  and  it 
has  been  suggested  that  as  a  rickety  skull  is  more  yielding  than  a  nor- 
mal one,  too  little  pressure  is  exercised  on  the  brain,  and  the  accumu- 
lation of  fluid  is  allowed.  This  is  not,  however,  a  sufficient  explanation, 
especially  of  the  severe  congenital  cases.  The  probability  is  that  the 
disease  depends  on  a  congenital  defect  in  the  apparatus  for  the  secretion 
and  absorption  of  the  cerebro-spinal  fluid. 

The  dropsy  maybe  general,  affecting  all  the  ventricles,  but  the  fourth 
is  often  but  little  dilated,  the  fluid  being  mainly  in  the  lateral  and  third 
ventricles.  Sometimes  the  lateral  ventricles  are  alone  distended,  the 
foramen  of  Munro  being  closed.  Sometimes  the  ventricle  of  the  septum 
lucidum  is  obviously  distended  as  it  lies  between  the  two  lateral  ven- 
tricles. As  the  accumulation  increases  the  convolutions  are  flattened 
out  and  they  may  be  completely  unfolded,  the  brain  forming  a  smooth 
globe  over  the  greatly  distended  ventricles.  The  distension  may  be  so 
great  as  to  cause  thinning  of  the  covering  brain  substance  to  an  extra- 
ordinary degree,  leaving  little  between  the  pia  mater  and  the  fluid. 
The  surface  of  the  ventricles  (ependyma)  is  usually  somewhat  thickened, 
giving  a  kind  of  leathery  membranous  lining  to  the  cavity,  sometimes 
with  granular  elevations,  especially  on  the  surface  of  the  corpus  striatum 
and  fourth  ventricle.  There  may  even  be  rounded  prominences  consist- 
ing of  grey  brain  substance  (Virchow).  The  fluid  is  clear  and  pellucid,  and 
has  a  low  specific  gravity  (1001  to  1009).  In  some  very  rare  cases  the 
corpus  callosum  and  its  pia-arachnoid  have  given  way,  the  fluid  coming 
thus  to  the  surface  and  filling  the  cavity  of  the  dura  mater  (Hydro- 


HYDROCEPHALUS. 


589 


cephalus  externus).  In  that  case  the  hemispheres  are  folded  aside,  and 
the  central  parts  of  the  brain  are  exposed,  the  brain  being  as  a  whole 
pressed  down  towards  the  base. 

With  this  great  dilatation  of  the  ventricles  the  head  is  greatly 
enlarged,  and  as  the  bones  are  more  yielding  in  some  parts  than  others, 
an  alteration  in  shape  occurs.  The  fontanelles  and  sutures  are 
widened  and  their  closure  greatly  delayed.  The  frontal  bone  is 
pushed  forward  so  that  the  forehead  rises  perpendicularly  or  overhangs 
the  eyebrows ;  the  parietals  bulge  laterally,  and  the  occipital  bones  are 
pushed  backwards.  The  head  in  this  way  becomes  greatly  increased  in 
circumference,  while  it  is  usually  much  flattened  at  the  vertex.  The 
bones  of  the  face,  even  though  they  are  of  normal  size,  look  dwarfed 
beside  the  enlarged  cranium,  and  the  face  has  a  pinched  look.  The 
eyeballs  are  rendered  prominent  by  the  pressure  on  the  roof  of  the 
orbit,  and  enlarged  veins  are  generally  seen  beneath  the  thin  skin  of 
the  head. 

Although  there  is  this  great  thinning  of  the  brain  substance,  it  is 
remarkable  how  the  functions  may  be  retained.  A  child  in  this  condi- 
tion may  remain  very  intelligent,  and  when  recovery  occurs  may  pass 
through  life  with  no  permanent  defect  in  the  functions  of  the  brain. 
The  yielding  of  the  skull  seems  to  prevent  any  such  excess  of  pressure 
as  to  seriously  damage  the  brain,  which  has  a  remarkable  power  of 
accommodating  itself  to  alterations  in  position  of  its  parts.  If  recovery 
takes  place,  the  skull  to  some  extent  collapses,  the  fontanelles  and 
sutures  close,  often  with  the  formation  of  additional  centres  of  ossifica- 
tion, forming  Wormian  bones  in  the  sutures.  But  the  fontanelles  are 
late  in  closing,  and  the  cranium  retains  somewhat  of  the  hydrocephalic- 
shape  during  life. 

A  Partial  dropsy  of  the  ventricles  is  of  occasional  occurrence,  either 
as  a  congenital  or  acquired  condition.  One  lateral  ventricle  may  be 
distended,  or  even  one  horn.  There  may  also  be  a  dropsjr  of  the  third 
ventricle  alone,  or  of  the  ventricle  of  the  septum  lucidum.  These 
partial  dropsies  will  cause  displacements  according  to  their  situation. 

3.  Dropsies  of  the  central  canal  and  Meninges  of  the  spinal  cord 
(Hydrorhachis,  Spina  bifida,  etc.). —  The  aff'ections  to  be  here  con- 
sidered are  almost  all  congenital,  and  they  lead  for  the  most  part  to 
malformations  of  the  cord. 

The  central  canal  of  the  cord  presents  normally  considerable  variations.  In  its 
typical  form  it  is  a  narrow  canal  lined  with  cylindrical  epithelium.  The  tissue  im- 
mediately around  it  is  much  more  cellular  than  the  rest  of  the  cord,  this  being  due 
to  the  fact  that  it  consists  almost  alone  of  neuroglia,  without  nervous  elements,  in 
this  respect  comparing  with  the  ependyma  of  the  cerebral  ventricles.    From  this 
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typical  condition  the  variations  consist  in  different  conditions  of  the  canal  itself  and 
of  the  surrounding  tissue.  The  canal  may  be  widened  either  generally  or  in  the 
transverse  or  median  direction.  On  the  other  hand  the  canal  may  be  obliterated 
and  its  position  only  indicated  by  the  cellular  area  of  neuroglia.  These  are  all 
within  normal  limits. 

The  pathological  conditions  of  the  central  canal  consist  mainly  of 
dilatations,  and  these  again  present  certain  relations  with  the  important 
condition,  spina  bifida. 

(a)  Hydrorhachis  interna,  Hydromyelia,  Syringomyelia,  Cysts  of 
the  cord.  —  The  term  Hydrorhachis  corresponds  with  hydrocephalus, 
and  expresses  a  dropsy  of  the  cord,  either  of  the  central  canal  (H. 
interna)  or  of  the  meninges  (H.  externa).  Dropsy  of  the  central  canal 
is  also  designated  Hydromyelia  and  Syringomyelia.  The  former  term  is 
applied  to  cases  where  the  dilatation  is  obviously  congenital,  while  the 
latter  is  used  where  it  is  met  with  in  the  adult.  Syringomyelia,  is  how- 
ever, probably  ahvays  congenital  in  its  origin,  so  that  it  may  be  said 
that  it  originates  in  a  hydromyelia.  These  terms  are  applied  to  all 
•cases  of  cavities  or  cysts  in  the  cord  filled  with  serous  fluid  whether 
they  are  demonstrably  due  to  dilatation  of  the  central  canal  or  not. 

It  will  be  remembered  that  the  central  canal  is  formed  by  the  arching 
backwards  of  the  medullary  plates  (see  p.  43),  so  that  the  closure  is 
posterior.  The  central  canal  will,  therefore,  at  first  lie  posteriorly,  and 
it  is  by  a  gradual  coalescence  of  the  posterior  portions  in  the  middle 
line  that  the  canal  takes  its  usual  position.    Dropsy  occurring  in  foetal 

life  is  liable  to  cause  a  permanent  enlarge- 
ment backwards  as  shown  in  Fig.  238. 
The  dilatation  may  vary  greatly  at 
different  levels,  so  as  to  lead  sometimes 
to  a  cystic  appearance  in  the  cord. 

In  some  cases  ca'\dties  exist  in  the 

Fig.  238.-Hydromyelia.  Enlargement   COrd    without    obvioUS     COmiectioU  with 

of  central  canal  backwards.  ^.j^^^  Central  caual,  but  as  thesc  are  always 

in  the  posterior  parts  of  the  cord,  they  probably  take  origin  in  portions 
of  the  original  canal,  which  in  the  process  of  coalescence  have  become 
isolated.  These  not  infrequently  extend  into  the  posterior  cornua,  and 
may  be  double  (Fig.  239)  or  single  (Fig.  240). 

An  interesting  peculiarity  of  these  various  conditions  is  that  the 
serous  cavities  produced  are  surrounded,  like  the  normal  central  canal, 
with  neuroglia,  which  in  some  cases  is  in  considerable  excess.  The 
excess  may  be  so  great  as  to  amount  almost  to  a  tumour  (glioma).  The 
importance  of  this  is  emphasized  by  the  occasional  co-existence  of 
.syringomyelia  with  tumour  of  the  cord,  and   even  with  multiple 
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tumours  (see  Gowers).  Gliomata  of  the  cord  mostly  originate  behind 
the  central  canal,  even  when  ther&  is  no  dilatation  of  the  latter. 


Fig.239.— Syringomyelia.  Cavi- 
ties in  each  posterior  cornu  and 
ill  the  middle  line. 


Fig.  240.— Syringomyelia.  Cavity 
in  one  posterior  comu. 


Hydromyelia  and  syringomyelia  do  not  usually  interfere  with  the 
function  of  the  cord,  but  if  the  dilatation  be  excessive,  or  if  there  is  a 
formation  of  tumour,  there  may  be  considerable  damage. 

{b)  Spina  bifida.— In  the  section  on  General  Malformations,  this  con- 
dition has  already  been  referred  to.  Rhachischisis,  or  spina  bifida 
mthout  tumour,  has  been  sufficiently  described  (see  p.  45),  but  the 
form  associated  with  tumour  requires  fuller  consideration. 

The  term  spina  bifida  is  by  some  limited  to  the  tumescent  form,  which  is  there- 
fore cUstinguished  from  rhachischisis,  but  this  distinction  cannot  be  fuUy  carried 
'  out. 

The  Tumour  of  spina  bifida  forms  a  rounded  swelling,  which  is 
usually  situated  in  the  lumbo-sacral  region,  but  may  be  in  any  part  of 
the  column.  There  is  usually  a  defect  in  the  arches  of  the  vertebrse, 
and  the  swelling  protrudes  posteriorly ;  but  there  are  a  few  cases  in 
which  the  bodies  of  the  vertebra?  are  defective,  and  the  swelling  pro- 
trudes into  the  thorax,  abdomen,  or  pelvis.  There  is  sometimes  no 
defect,  or  a  very  slight  one,  of  the  arches  of  the  vertebra,  the  pro- 
trusion passing  between  two  adjacent  arches. 

The  protrusion  (Fig.  241)  is  covered  with  skin  over  the  greater  part 
of  its  surface,  but  in  the  central  part  there  is  often  an  area  of  mem- 
brane which  contains  none  of  the  special  structures  of  the  skin,  such  as 
hairs  and  sebaceous  glands.  Inside  the  skin  there  are  the  membranes 
of  the  cord  ;  but,  according  to  Eecklinghausen,  the  dura  mater  is 
frequently  defective  to  a  similar  extent  with  the  skin,  so  that  the  sac  is 
formed  of  pia-arachnoid,  which  is  usually  considerably  thickened. 
There  is  generally  a  dimpling  or  umbilication  at  the  summit  of  the 
tumour  (see  g'  in  figure),  and  this  sometimes  amounts  to  a  small  canal 
which  may  directly  communicate  with  the  central  canal  of  the  cord. 
The  umbilicus  corresponds  with  an  adhesion  of  the  cord  to  the  sac. 
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The  contents  of  the  sac  are  a  pellucid  fluid  of  a  specific  gravity  of 

about  1007.  It  is  really  the  cerebro- 
spinal fluid,  with  which  the  contents  of 
the  sac  are  continuous.  Indeed,  there 
is  often  associated  with  the  spina  bifida 
a  hydrocephalus. 

Spina  bifida  implies  a  dropsy  of  the 
structures  of  the  cord,  and  different 
names  are  applied  according  to  the 
share  which  the  various  structures  take 
in  the  protrusion,  these  names  being 
constructed  on  similar  principles  to 
those  in  use  for  the  brain  and  its  mem- 
branes. We  have  (1)  Meningocele,  or 
protrusion  of  the  membranes   only ; 

(2)  Meningo-myelocele,  or  protrusion  of 
membranes   and  cord  together ;  and 

(3)  Syringo-myelocele,  in  which  the  pro- 
trusion obviously  consists  of  a  dilated 
and  closed  central  canal.  This  form  is 
also  called  Myelo-cystocele  (Eeckling- 
hausen).  Of  these  three  forms  the 
second  is  much  the  commonest,  al- 
though the  last-mentioned  form  is  pro- 
bably more  frequent  than  has  been 

 „^    „  ,  J,  spinal  cord, 

which  also  enters  the  sac  and  becomes  at- 
tached to  the  skin  f/',  where  it  had  a  small 

opening ;  the  attachment  forms  a  dimple  -  j    j  j 

in  the  sac  ;  n,  n,  spinal  nerves  which  pass  gij^ua  bifida  is  prolOllffed  dOWnWarttS 
from  the  cord  round  to  the  anterior  aspect     1  p    i  A 

of  the  sac  so  as  to  reach  their  normal  places  gg  -fgj.  gg  ^J^g  seat  of  the  tUmOUl".  AS 
of  issue  from  the  spinal  canal.  (Virchow.)  ■,,       .       ,  i  11 

the  latter  is  usually  m  the  lumbo- 
sacral region,  this  implies  that  the  cord  occupies  the  entire  length  of 
the  canal  as  it  does  in  the  earlier  periods  of  foetal  life.  As  the  cord 
begins  to  retract  within  the  canal  in  the  fourth  month  the  afi'ection  must 
be  earlier  in  its  origin  than  that  period.  It  is  of  interest  that  even  in 
cases  of  meningocele  where  the  membranes  alone  are  protruded  this 
elongation  of  the  cord  occurs. 

With  the  exception  of  elongation,  the  cord  in  a  small  number  of 
cases  is  not  involved.  The  fluid  may  be  entirely  behind  it  as  in  men- 
ingocele, and  it  may  be  little  altered.  In  that  case  the  nerves  also  will 
be  ill  front  of  the  protrusion.  • 

In  Syringo-myelocele  the  central  canal  is  distended  backwards,  and 
although  the  internal  lining  of  the  sac  is  really  the  expanded  central 


Fig.  241.-- Section  of  a  spina  bifida  of 
the  lumbar  region,  a,  b,  cutis  and  sub- 
cutaneous tissue  ;  c,  fascia  ;  rf,  spinous 
processes ;  e,  dura  mater,  which  passes 
into  sac  and  becomes  attached  to  the  skin 
at  c'  ;  /,  arachnoid,  which  passes  into  sac 

f°;Pi'^r,!^^!^l':"?fL"?l^^JVd  beiomMat-  usually  supposed  (Cleland). 
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canal,  yet  the  sac  is  as  in  meningocele,  behind  the  nerves  and  the 
greater  part  of  the  cord. 

In  the  majority  of  cases,  however,  comprising  the  Meningo-myelo- 
celes,  the  spinal  cord  is  actually  involved  in  the  sac  (see  Fig.  241), 
passing  into  it  and  attached  to  its  wall,  thus  presenting  various  mal- 
formations and  dislocations.  The  nerve-roots  also  which  come  off  from 
the  part  of  the  cord  involved  take  origin  within  the  sac,  and  traverse  it 
in  order  to  reach  their  foramina.  The  posterior  roots  are  necessarily 
more  involved  than  the  anterior.  Sometimes  the  nerves  take  origin 
from  the  posterior  wall  of  the  sac,  and  the  latter  may  present  exter- 
nally a  double  row  of  slight  depressions  from  this  origin. 

The  term  Spina  bifida  occulta  has  been  applied  by  Eecklinghausen  to  an  interest- 
ing case  in  which,  without  a  tumour  externally,  there  was  elongation  of  the  cord  and 
defect  of  the  vertebral  arches.  He  supposes  that  there  was  here  an  early  menin- 
gocele, which  had  subsequently  shrunk.  An  important  peculiarity  in  the  case  is 
the  existence  within  the  spinal  canal  and  in  contact  with  the  cord  of  adipose  and 
fibrous  tissue  and  striated  muscle,  in  such  quantity  as  to  form  a  distinct  tumour 
(myo-fibro-Upoma).  The  muscle  was  in  bundlesUike  those  of  the  multifidus  spina;, 
and  he  supposes  that  it  may  have  arisen  by  a  dislocation  or  transposition  inwards 
of  parts  of  these  muscles  by  the  defectively  formed  vertebral  arches.  Another 
pecuharity  was  the  existence  of  an  excessive  growth  of  hair  over  the  concealed  spina 
bifida.    It  is  not  improbable  that  such  lesions  may  be  not  infrequent. 

The  origin  of  spina  bifida  is  to  be  referred  to  foetal  life.  Looldng  to  the  series  of 
forms  of  lesion  from  completely  open  spina  bifida  with  anencephalus  to  menin- 
gocele, it  seems  necessary  to  connect  the  aifection  with  dropsy  of  the  cerebro-spinal 
canal.  A  further  confirmation  of  this  is  the  frequent  co-existence  of  hydrocephalus. 
It  can  scarcely  be  supposed  that  a  mere  dropsy  of  the  membranes,  and  still  less  a 
simple  defect  of  the  arches  of  the  vertebra5,  would  fix  the  cord  in  the  foetal  position, 
and  we  are  induced  to  regard  the  lesion  as  primarily  one  of  the  cord  itself.  There 
may  be  a  very  early  dropsy  interfering  with  the  closure  of  the  canal,  and  so  leading 
to  rhachischisis.  But  after  the  closure  there  may  be  a  dropsy  leading  to  a  local 
distension  which  may  by  and  by  rupture.  If  it  does  not  rupture  then  there  may  be 
a  spina  bifida  having  the  form  of  a  syringo -myelocele.  If  it  does  rupture  then  the 
meningocele  or  the  meningo-myelocele  will  result.  The  aperture  may  be  ultimately 
a  very  narrow  one  or  may  become  obliterated,  and  the  central  canal  may  form  and 
even  be  of  normal  character.  As  a  general  rule,  however,  the  fluid  in  the  sac  com- 
municates freely  with  the  cerebro-spinal  fluid,  and  sudden  withdrawal  of  the 
former  sometimes  leads  to  serious  cerebral  symptoms  from  the  reduction  of  the 
cranial  contents. 

Literature. — Hydrocephalus — Leubuscher,  Path.  d.  Hirnkrank.,  1854  ;  Huguenin, 
(with  full  literature)  in  Ziemssen's  Handb.,  xi.  1 ;  Wilks,  Guy's  Hosp.  Eep.  1860. 
HydrorhacMs  and  Spina  bifida — Leyden,  Virch.  Arch.,  Ixviii. ;  Langans,  do.,  Ixxxv. ; 
Kkauss,  do.,  c;  ScHULTZE,  do.,  cii. ;  Forstek,  Missbildungen,  1865;  Virchow 
Geschwiilste,  i.  and  iii. ;  Eanke,  Jahrb.  d.  Kinderheilk,  xii.  ;  W.  Koch,  Mittheilun- 
gen,  1881;  Morton,  On  spina  bifida,  2nd  ed.,  1887  ;  Cleland,  in  Morton,  p.  32,  also 
Jour,  of  Anat.  and  Phys.,  xvii.  257;  Eep.  to  Clin.  Soc.  of  London,  1885,  xviii.  339; 
Eecklinghausen,  Virch.  Arch.,  cv.  243  and  374  (with  full  literature) 
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II.— MENINGEAL  HiBMOEEHAGE. 

1.  Hsematoma  of  the  dura  mater. — This  is  a  condition  concerning 
which  considerable  differences  of  opinion  exist.  It  presents  itself  mostly 
in  the  form  of  a  somewhat  massive  blood-clot  covering  the  internal 
surface  of  the  dura  mater  and  compressing  the  brain  substance.  When 
the  clot  is  more  particularly  examined  it  is  seen  to  be  not  exactly  free 
on  the  surface  of  the  dura  mater,  but  covered  with  a  delicate  membrane, 
which  is  continued  beyond  the  clot  on  the  surface  of  the  dura  mater  as 
a  thin  soft  layer.  This  membrane  generally  has  a  brownish  colour,  evi- 
dently from  the  blood  colouring-matter,  and  it  presents  in  its  substance, 
as  well  as  between  the  membrane  and  the  dura  mater,  numerous  smaller 
hsemorrhages.  This  condition  is  of  somewhat  frequent  occurrence, 
particularly  among  the  insane. 

There  are  two  views  as  to  its  true  nature,  and  it  is  quite  possible  that 
there  may  be  actually  two  diseases.  According  to  Prescott  Hewett, 
Huguenin,  and  others,  a  htemorrhage  into  the  cavity  of  the  dura  mater 
is  the  primary  condition.  It  is  undoubted  that  a  hajmorrhage  may  lead 
to  a  condition  resembling  that  described.  In  a  case  of  aneurysm  of  one 
of  the  larger  cerebral  vessels,  where  bleeding  had  occurred  into  the  sub- 
dural space  some  time  before  the  fatal  cerebral  hemorrhage,  the  author 
found  a  layer  of  soft  tissue  covering  the  dura  mater  and  having  much  of 
the  characters  described  above.  In  this  and  similar  cases  the  coagulum 
on  the  surface  of  the  dura,  mater  becomes  organized  in  the  usual  way, 
and  vessels  pass  from  the  dura  mater  into  the  rudimentary  tissue  thus 
produced.  These  thin-walled  vessels  are  specially  apt  to  bleed  for 
reasons  to  be  presently  referred  to,  and  so  there  is  haemorrhage  in  the 
new-formed  tissue  and  under  it. 

But  many  cases  have  a  more  spontaneous  origin,  and  agree  with  the 
description  which  Virchow  has  given  of  Hsemorrhagic  pachymeningitis. 
This  disease  begins  in  an  inflammation  of  the  dvira  mater,  characterized 
by  hypersemia.  The  inflammation  being  chronic,  the  result  is  the  forma- 
tion of  a  soft  membrane  on  the  internal  surface  of  the  dura  mater,  OAving 
to  an  inflammatory  transformation  of  its  internal  layer.  In  its  structui'e 
this  membrane  somewhat  resembles  mucous  tissue,  containing  stellate 
and  spindle-shaped  cells  in  a  matrix  which  gives  a  precipitate  with  acetic 
acid.  In  it  there  are  large  thin-walled  blood-vessels  in  large  numbers. 
The  false  membrane  is  easily  lifted  from  the  dura  mater  Avith  forceps, 
and  as  this  is  being  done  numerous  red  threads  are  seen  to  stretch  from 
it  to  the  dura  mater ;  these  are  the  blood-vessels. 

An  explanation  of  the  large  size  and  tendency  to  rupture  of  these  vessels  has  been 
suggested  by  Eindfleisoh.    To  begin  with,  there  is  hyperemia  of  the  dura  mater  with 
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relaxation  of  the  arteries.  The  normal  capillaries  being  in  a  dense  tissue  will  not 
dilate  much,  but  the  blood  in  them  will  be  at  a  high  pressure.  The  new-formed 
vessels,  however,  are  delicate  and  lie  in  a  soft  tissue,  and  they  communicate  with  the 
capillaries  of  the  dura  mater  in  which  the  blood-pressure  is  excessive.  They  are 
therefore  very  liable  to  dilatation,  and  although  they  have  the  structure  of  capillaries 
they  are  mostly  three  or  four  times  as  wide  as  ordinary  ones.  These  vessels  often 
rupture,  so  that  there  is  frequent  hajmorrhage  into  the  soft  membrane.  But  some- 
times a  more  considerable  hremorrhage  occurs,  and  the  blood  accumulating  dissects 
up  the  membrane  from  the  dura  mater,  rupturing  fresh  vessels  as  it  advances.  In 
this  way  a  large  flat  clot  as  thick  as  the  hand  may  be  formed,  the  proper  htematoma. 
It  will  be  observed  that  this  clot  is  still  covered  with  the  membrane,  and  it  is  quite 
unusual  to  find  the  blood  escaping  into  the  cavity  of  the  dura  mater. 

If  a  fatal  hc^morrhage  does  not  occur,  the  new-formed  membrane 
undergoes  organization  in  the  way  of  other  inflammatory  structures.  It 
becomes  more  cellular  and  finally  develops  into  connective  tissue  which 
coalesces  with  that  of  the  dura  mater.  The  disease,  however,  is  apt  to 
recur,  and  a  fresh  soft  layer  is  formed  which  goes  through  the  same 
stages,  so  that  there  may  be  several  layers  in  different  stages  of  trans- 
formation on  the  surface  of  the  dura  mater,  the  innermost  layer  having 
the  characters  described  above. 

This  condition  occurs  chiefly  over  the  convexity  of  the  brain,  and  is 
stated  to  be  mainly  in  the  domain  of  the  middle  meningeal  artery.  An 
acute  suppurative  inflammation  very  rarely  develops  in  connection  with 
the  hjBmatoma. 

2.  Haemorrhages  in  the  soft  membranes.— Most  of  these  are  secondary 
to  some  other  lesion  and  they  are  usually  of  minor  consequence.  We 
have  seen  that  aneurysms  although  situated  in  the  meninges  give  rise, 
when  they  rupture,  to  cerebral  haemorrhage  more  than  to  meningeal. 
There  are  again  numerous  small  hajmorrhages  occasionally  in  anthrax, 
hsemophilia,  scurvy,  and  ulcerative  endocarditis.  There  are  also  htemor- 
rhages  from  injuries  to  the  skull,  especially  when  they  involve  lacera- 
tions of  the  brain.  But  there  is  one  form  Avhich  is  primary  and  of  con- 
siderable importance. 

Infantile  meningeal  haemorrhage. —In  severe  and  j^rolonged  labours, 
where  the  head  is  much  compressed  and  there  is  obstruction  of  the 
vessels,  haemorrhage  sometimes  takes  place  on  the  surface  of  the  brain. 
It  is  important  because  it  may  lead  to  permanent  injury  to  the  brain. 
The  hajmorrhage  is  over  the  convexity  or  at  the  base,  and  in  the  former 
case  it  occupies  chiefly  the  central  region  towards  the  middle  line.  The 
brain  beneath  is  sometimes  much  injured,  being  lacerated  and  infiltrated 
with  blood.  When  a,t  the  base,  the  haemorrhage  is  chiefly  in  the  pos- 
terior fossa,  the  blood  lying  on  the  pons,  medulla,  and  cerebellum,  and 
generally  arising  from  a  laceration  of  the  cerebellum. 
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As  the  blood  is  absorbed  there  may  remain  a  permanent  atrophy  of 
the  jDarts  which  had  been  injured.  There  may  be  thus  a  depression 
over  the  central  convolutions  which  are  dwarfed  and  indurated,  and  the 
usual  secondary  degenerations  may  ensue. 

During  life,  there  may  be  little  that  is  noteworthy  in  the  child  imme- 
diately after  birth,  but  as  the  powers  develop  it  may  show  motor  weak- 
ness and  spasms,  along  with  more  or  less  mental  defect.  There  is  often 
considerable  improvement  as  life  goes  on. 

Literature. — Hcematoma — Peescott  Hewett,  Med.  chir.  trans.,  1845;  Vikchow, 
Wiirzb.  Verhandl.,  1856,  vii. ;  Hugubnin,  Ziemssen's  Handb.,  xi. ;  Eindfleisch, 
Path,  histol.  (Syd.  Soc.  tiansl.),  1873,  ii.  302.  Ivfantile  hcemorrhage — Little, 
Obstet.  trans.,  1862 ;  M'Nutt,  Amer.  Jour,  of  Med.  Science,  1885 ;  Gowers,  Dis.  of 
nerv.  syst.,  1888,  ii.  380. 

III.— MENINGITIS— INFLAMMATIONS  OF  THE  MEMBEANES  OF  THE 

BEAIN  AND  COED. 

1.  Pachymeningitis.  Inflammation  of  the  dura  mater. — Excluding 
the  condition  already  described  as  connected  with  haematoma,  the  inflam- 
mations of  the  dura  mater  are,  for  the  most  part,  secondary  to  afi'ections 
of  the  bones  or  sinuses.  In  compound  fractures  of  the  skull,  sui^piu-a- 
tion  may  extend  to  the  dura  mater,  and  in  some  cases  to  the  soft 
membranes.  Caries  of  the  bones  may  have  a  similar  result.  Thrombo- 
phlebitis of  the  sinuses,  especially  in  cases  of  disease  of  the  ear,  also 
gives  rise  to  suppurative  inflammation,  sometimes  associated  with  gan- 
grene of  the  dura  mater.    (See  under  Abscess  of  the  Brain.) 

2.  Leptomeningitis.  Inflammation  of  the  pia-arachnoid. — As  the 
arachnoid  and  pia  mater  are  closely  connected  and  form  virtually  one 
membrane,  they  are  always  associated  in  their  inflammations.  The  term 
Meningitis  is  commonly  used  without  qualification  to  express  inflamma- 
tion of  the  soft  membranes,  which  is  much  more  frequent  than  that  of  the 
dura  mater.  The  nutrient  vessels  of  the  brain  pass  in  from  the  vessels 
running  in  the  subarachnoid  space,  and  their  sheaths  are  direct  continua- 
tions from  the  loose  tissue  of  the  pia  mater.  Hence  in  all  forms  of 
inflammation  there  is  liable  to  be  an  extension  inwards  for  a  certain 
distance  along  the  vessels.  This  is  important  as  serious  irritation  of  the 
cortical  substance  of  the  brain  is  apt  to  result. 

(ft)  Simple  acute  meningitis. — This  name  is  applied  to  non-specific 
inflammations  of  the  pia-arachnoid.  Some  irritant  obtains  access  to  the 
membranes,  and  as  it  is  carried  by  the  circulating  cerebro-spinal  fluid 
the  inflammation  is  usually  of  a  spreading  character.  The  cause  is 
usually  traumatic  and  the  irritant  is  Septic  in  nature;  but  it  may  arise 
from  disease  of  the  bones,  especially  in  ear  disease,  and  in  that  case  the 
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meningitis  may  be  associated  with  abscess  of  the  brain.  There  are  cases 
in  which  the  meningitis  has  an  embolic  origin,  septic  matter  being  trans- 
ported in  pyaemia  or  ulcerative  endocarditis.  It  has  also  been  found 
associated  with  acute  specific  fevers,  typhoid,  scarlet  fever,  small-pox, 
and  with  other  acute  diseases,  especially  pneumonia. 

In  the  milder  cases  there  may  be  simply  a  serous  exudation  in  the 
subarachnoid  space,  constituting  an  inflammatory  oedema.  But  in  most 
instances  the  case  goes  on  till  pus,  or  pus  with  fibrine,  is  exuded.  The 
first  appearances  are  visible  in  the  neighbourhood  of  the  veins,  in  the 
sulci  between  the  convolutions.  Very  often  there  is  a  white  or  yellow 
band  visible  on  either  side  of  the  vein,  and  this  consists  of  accumulated 
leucocytes,  it  may  be  with  fibrine.  As  the  exudation  increases  the 
veins  become  buried  in  it,  and  the  whole  subarachnoid  space  becomes 
filled.  The  spaces  being  filled  out  the  pia-arachnoid  forms  a  bulky  solid 
layer  which  may  be  separated  from  the  surface  of  the  brain,  and  form  a 
mould  of  the  convolutions  on  its  under  surface.  The  appearances  under 
the  microscope  are  similar  to  those  shown  in  Fig.  242.  The  inflamma- 
tion extends,  as  already  noted,  in  some  measure  along  the  perivascular 
spaces  into  the  superficial  part  of  the  brain  substance. 

The  inflammation  usually  begins  in  a  particular  locality,  generally 
some  part  of  the  convexity,  and  here  the  arachnoid  and  the  dura  mater 
are  sometimes  united  by  fibrinous  exudation.  It  spreads  from  this, 
generally  confining  itself  to  the  convexity,  but  sometimes  it  extends  to 
the  base,  or  to  the  spinal  cord,  or  even  into  the  ventricles.  It  is  to  be 
noted  that,  in  accordance  with  what  is  stated  in  the  Introduction  to  this 
section  (see  p.  585),  the  exudation  is  in  the  subarachnoid  space  not  on 
the  free  surface  of  the  arachnoid. 

Simple  chronic  meningitis  of  the  brain  and  spinal  cord  is  usually 
secondary.  There  are  thickenings  and  adhesions  of  these  membranes 
in  diff'erent  forms  of  insanity,  in  diseases  of  the  bones,  in  the  various 
scleroses  of  the  cord,  especially  posterior  sclerosis.  It  is  important  to 
remember  that  a  chronic  inflammation  of  the  membranes  of  the  cord 
may  be  propagated  from  the  peripheral  nerves  along  their  sheaths, 

(b)  Epidemic  cerebro-spinal  meningitis.— -As  the  name  implies,  this 
is  a  disease  which,  like  the  acute  fevers  and  hydrophobia,  depends  on  a 
virus  introduced  into  the  body.  The  morbid  poison  shows  a  special 
aflBnity  for  the  meninges  of  the  brain  and  spinal  cord,  although  other 
organs  are  also  in  a  minor  degree  afl"ected. 

The  soft  membranes  present  evidences  of  acute  inflanmiation,  at  first 
in  the  form  of  serous  exiidation  with  few  leucocytes  and  red  corpuscles. 
This  condition  is  only  seen  in  cases  which  have  died  very  early  after  the 
onset  of  the  disease,  for  the  exudation  soon  takes  on  a  purnlent  charac- 
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ter  as  in  simple  meningitis.  The  exudation  is  here  also  in  the  sub- 
arachnoid space,  and  penetrates,  along  the  sheath  of  the  nutrient  arteries, 
into  the  nervous  tissue  beneath  (see  Fig.  242).    There  is  very  seldom 


Fig.  242. — Prom  a  c.ise  of  cerebro-spiiial  meningitis,  a  a,  the  soft  membraues 
infiltrated  with  pus,  also  passing  into  the  sulci,  b  h.  Dilated  veins  are  seen  in 
the  midst.    Vessels  also  prominent  in  the  brain  substance. 


any  exudation  on  the  surface  of  the  arachnoid,  and  the  dura  mater 
hardly  ever  takes  part  in  the  disease.  The  exudation  is  most  marked  in 
the  sulci  between  the  convolutions  of  the  convexity,  in  the  fissure  of 
Sylvius,  on  the  surface  of  the  pons,  and  upper  surface  of  the  cerebellum. 
It  sometimes  extends  into  the  lateral  ventricles.  In  the  spinal  cord  it 
is  most  abundant  in  the  lumbar  region,  and  is  almost  confined  to  the 
posterior  surface  where  it  often  surrounds  the  jDosterior  roots. 

The  disease  is  fatal  in  over  50  per  cent,  of  the  cases,  but  when 
recovery  occurs  it  is  usually  complete.  Sometimes,  however,  there  is 
permanent  damage  to  the  nervous  structures,  as  evidenced  by  deaf- 
ness, etc. 

There  can  be  little  doubt  that  this  disease  is  due  to  a  micro-organism  and  probably 
a  micrococcus,  but  the  exact  form  has  not  been  determined.  Pneumonia  sometimes 
occurs  in  conjunction  with  the  meningitis,  as  if  the  same  morbid  jsoison  produced 
both.  Otherwise  the  organs  of  the  body  show  appearances  similar  to  those  in  other 
acute  fevers.  The  spleen  is  enlarged  but  not  very  greatly  so.  The  follicles  of  the 
intestine  are  swollen.  The  liver  and  kidneys  are  enlarged  and  show  parenchymatous 
infiltration.  There  are  sometimes  abscesses  in  the  muscles  and  pus  in  the  joints. 
The  skin  has  a  peculiar  tendency  to  show  petechire  during  life,  and  becomes  deeply 
stained  by  the  blood  colouring-matter  after  death. 

(c)  Tubercular  meningitis  (Basal  meningitis,  Hydrocqjhalus  aculus). — 
This  disease,  as  the  name  implies,  depends  on  the  jiresence  in  the 
meninges  of  the  tubercular  virus.  The  tubercular  bacillus  is  readily 
detected  in  the  affected  structures,  lying  diffused  in  the  membranes  but 
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more  especially  in  the  walls  of  the  arteries.  In  the  majority  of  cases  the 
virus  is  carried  to  the  membranes  by  the  blood.  The  disease  is,  in  many 
cases,  part  of  a  general  tuberculosis,  and  is  associated  with  the  usual 
lesions  in  other  organs,  but  the  meningitis  leads  to  such  pronounced 
symptoms  that  it  often  monopolizes  the  attention  of  the  clinical  observer. 
The  primary  seat  of  the  infection  is  frequently  in  the  bronchial,  cervical, 
or  mesenteric  glands,  the  tuberculosis  extending  to  the  veins,  and  so  to 
the  blood.  There  may,  however,  be  an  extension  by  the  blood  without 
the  occurrence  of  a  general  tuberculosis.  The  primary  seat  may  be  in  the 
h;ngs,  and  the  extension  to  the  membranes  may  be  the  only  secondary 
extension. 

When  the  extension  is  not  by  the  blood,  there  are  evidences  of  a  local 
infection.  There  may  be  solitary  tubercles  in  the  brain  substance, 
although  these  do  not  usually  give  rise  to  tuberculosis  of  the  membranes. 
There  may  also  be  an  extension  from  the  bones  of  the  skull,  as  in  a  case 
observed  by  the  author,  in  which  a  tuberculosis  of  the  basilar  bone  and 
the  first  cervical  vertebra  had  extended  to  the  pituitary  body  and 
onwards  to  the  soft  membranes. 

The  meninges  are  afiectecl  by  tuberculosis  more  frequently  in  children  than  in 
adults  ;  it  thus  seems  as  if  the  soft  membranes  in  children  were  more  adapted  to  the 
growth  of  the  virus.  But  tubercular  meningitis  is  more  frequent  in  the  adult  than  is 
usually  supposed,  and  many  obscure  head  cases  are  found  post  mortem  to  be  cases  of 
general  tuberculosis  with,  it  may  be,  a  very  limited  meningitis. 

The  virus  reaching  the  meninges  by  the  blood,  lodges  in  the  lymjDh 
spaces  of  the  membranes,  and  produces  inflammation  and  tubercles  in 
the  walls  of  the  finer  arteries  of  the  pia  mater,  and  in  the  subarachnoid 
space.  These  conditions  are  peculiarly  localized  in  the  basal  parts  of  the 
brain,  although  extending  sometimes  to  the  lateral  aspects  and  to  the 
spinal  cord.  It  may  be  that  this  is  related  to  the  fact  that  the  arteries 
are  distributed  from  the  base,  or,  more  probably,  that  the  cerebro-spinal 
fluid  stagnates  here  more  than  elsewhere,  and  allows  of  the  growth  of  the 
virus. 

The  Appearance  of  the  brain  post  mortem  is  somewhat  as  follows. 
On  removing  the  dura  mater,  the  cerebral  hemispheres  are  generally 
seen  to  be  fuller  than  usual,  and  the  surface  of  the  arachnoid  is  somewhat 
dry  and  glazed.  This  is  due  to  the  pressure  from  the  ventricles,  which 
are  distended  with  fluid,  usually  clear  serum,  but  sometimes  slightly 
turbid  with  pus.  The  amount  of  fluid  is  sometimes  very  gi'eat,  and 
this  prominent  feature  gave  rise  to  the  name  Acute  hydrocephalus 
applied  to  this  disease  (see  p.  587).  In  the  neighbourhood  of  the  lateral 
ventricles,  and  especially  posteriorly,  the  brain  substance  is  soft 
and  almost  diffluent  (white  softening).    On  exposing  the  base  of  the 
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brain,  the  appearances  of  inflammation  in  the  membranes  are  to  be 
looked  for.  These  are  often  somewhat  obscure,  and  in  aijpearance 
trivial.  In  the  slighter  cases  they  consist  merely  of  a  turbidity  or 
opacity  over  the  pons  and  optic  chiasma.  The  subarachnoid  space  is 
occupied  by  a  serous  exudation  with  some  jdus,  giving  often  a  greenish 
colour.  But  usually  the  exudation  is  more  abundant  and  covers 
the  basal  structures,  extending  to  the  surface  of  the  cerebellum,  and 
up  the  fissures  of  Sylvius,  where  it  often  reaches  the  lateral  aspects 
of  the  hemispheres.  The  concentration  of  the  exudation  at  the  base 
is  of  great  importance,  and  the  covering-in  of  the  optic  chiasma  is  often 
the  most  direct  and  sometimes  the  only  prominent  sign  of  the  existence 
of  the  disease. 

The  affection  usually  extends  to  the  Meninges  of  the  spinal  cord> 
although  here  it  may  be  even  more  insignificant  in  appearance  than  in 
the  brain.  There  may  be  little  more  than  an  undue  redness  with  a 
granular  appearance  on  the  surface  of  the  cord. 


Fig.  243. — Arteries  of  the  pia  m.ater  in  a  case  of  tubercular  meningitis.  The  fre^ 
queait  spindle-shaped  swellings  indicate  the  position  of  the  tvibercles.    x  IC. 


The  evidences  of  inflammation  are  much  more  prominent  to  the  naked 
eye  than  the  tubercles.  These  are  often  distinctly  visible  only  on  micro- 
scopic examination,  as  they  are  so  much  buried  in  the  exudation  and 
attached  to  such  small  arteries.  On  opening  up  the  fissure  of  Sylvius, 
however,  where  the  exudation  generally  glues  the  ojDposed  surfaces 
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of  the  brain  together,  it  is  usually  possible  to  see  the  little  white 
tubercles,  often  no  larger  than  pins'  heads.  If  a  piece  of  the  soft  mem- 
brane be  removed,  however,  even  from  a  part  where  the  exudation 
is  very  abundant,  and  examined  with  a  low  power  under  the  microscope, 
the  tubercles  are  readily  seen  as  spindle-shaped  prominences  on  the  small 
arteries  (see  Fig.  243). 

There  is  not  in  this  form  of  tuberculosis  a  distinct  formation  of  typi- 
cal tubercles  Avith  giant-cells  and  epithelioid  cells,  the  nodules  described 
as  tubercles  being  composed  of  aggregations  of  round  cells.  The  walls 
of  the  arteries  are  often  specially  affected,  so  that  they  present  localized 
prominences  (see  Fig.  243)  as  if  the  virus  had  acted  at  certain  spots. 
The  swellings  are  mainly  due  to  accumulation  of  cells  in  the  adventitia 
(Fig.  244),  but  the  intima  is  very  commonly  also  the  seat  of  an  inflam- 
matory infiltration  as  shown  in  the  figure.     Besides  this  there  are 


Fig.  244. — Tubercular  meningitis,  a,  ,an  artery  with  infiltra- 
tion chiefly  of  extern.al  coat,  but  also  of  internal,  which  shows 
villous  projections.  The  connective  tissue  around  is  .ilso  infil- 
trated, and  so  are  the  walls  of  the  nutrient  arteries  passing  into 
the  br.ain  substance  in  either  side,  b  b.    x  30. 


tubercles  in  the  walls  of  veins  and  in  the  tissue  apart  from  the  vessels, 
and  there  is  a  general  infiltration  of  the  membranes  with  multitudes  of 
leucocytes  (see  Fig.  244).  The  inflammatory  infiltration  extends  along 
the  nutrient  vessels  into  the  substance  of  the  brain  and  spinal  cord,  as 
well  as  into  the  cerebral  nerves.  The  sujierficial  parts  of  the  brain  sub- 
stance in  particular  are  hyperaemic,  and  not  infrequently  the  seat  of 
small  hajmorrhages. 

The  White  softening  of  the  parts  around  the  ventricles  has  given  rise  to  some 
discussion  as  to  its  cause.  It  may  extend  somewhat  deeply  into  the  brain  substance, 
involving  fornix,  septum  lucidum,  corpus  callosum,  and  even  the  thalamus  opticus 
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and  corpus  striatum,  and  it  is  sometimes  so  extreme  as  to  reduce  the  tissue  to  the 
consistence  of  thick  cream.  It  is  clear  from  the  comparative  absence  of  symptoms 
that  this  extreme  softening  does  not  exist  during  life.  Probably  the  fluid  in  the 
ventricles  macerates  and  loosens  out  the  brain  tissue  without  interrupting  the 
functions,  and  after  death  a  more  pronounced  softening  occurs.  The  condition  is 
not  an  inflammatory  one,  and  it  occurs  mainly  where  the  fluid  gravitates,  namely, 
in  the  brain  substance  around  the  posterior  parts  of  the  ventricles. 

Literature. — Neisser,  Die  Entziind.  der  seros.  Haute  des  Geh.  u.  Eiickenm.,  1845; 
HuGUENiN,  in  Ziemssen's  Handb.,  xi.  1.  Epidemic  cerebrospinal  meniiifjitis — 
Meissnee,  Schmidt's  Jahrb.,  129  and  136;  Klebs,  Virch.  Arch.,  xxxiv. ;  Willich, 
(Pneumonia  and  mening.)  D.  med.  Wochenschr.,  1875,  No.  23 ;  Ficket,  (do.)  AnnaL 
de  la  soc.  m6d.  chir.  de  Li^ge,  1880 ;  Gowees,  Dis.  of  nerv.  syst.,  1888,  ii.  317 
(literature  fully)  ;  Feew,  Glasg.  Med.  Jour.,  1884,  xxii.  p.  21 ;  Ebeeth,  D.  Arch.  f. 
klin.  Med.,  xiii. ;  Natjweek,  do. ,  xix. ;  Coenil  et  Babes,  Les  bact^ries,  1886,  p.  446. 

4.  Syphilitic  meningitis. — This  has  been  described  in  a  previous  page 
along  with  Syphilitic  lesions  of  the  brain  (p.  577). 


I \r. —TUMOURS  AND  PARASITES  OF  THE  MENINGES. 


Tumours  of  the  membranes  of  the  brain  are  of  importance  especially 
when  they  press  on  the  brain  inside  or  on  the  nerves  as  they  issue  from 
the  skull.    They  are  of  considerable  variety. 

Fibromas  have  been  found  arising  from  the  dura  mater  both  of  the 
brain  and  of  the  spinal  cord.  In  the  latter  case  they  are  liable  to  press 
on  the  cord  and  may  even  interrupt  it.  In  a  case  observed  by  the  author 
a  hard  fibroma  the  size  of  a  marble  produced  serious  mischief  by  press- 
ing on  the  cervical  cord. 

The  Chondroma  has  occasionally  been  observed,  especially  in  the  dui-a 
mater  of  the  cord.  In  a  dog  observed  by  the  author,  paraplegia  was 
produced  by  such  a  tumour  in  the  dorsal  region. 

The  Lipoma  is  a  very  rare  form  of  tumour  in  the  meninges ;  that 
already  mentioned  on  the  surface  of  the  corpus  callosum  (p.  229)  pro- 
bably originated  in  the  pia  mater. 

The  Psammoma  occurs  not  infrequently  in  the  dura  mater,  where  it 
forms  a  rounded  growth  on  its  internal  surface 
(see  Fig.  245) ;  sometimes  it  is  multiple.  The 
tumour  is  usually  small,  but  may  be  as  large  as 
a  walnut,  and  its  surface  is  rough  and  tubercu- 
lated.  The  jjsammoma  also  occurs  as  a  small 
soft  tumour  in  the  choroid  plexus  and  in  the 
pineal  gland.  In  the  latter  case  there  may  be  a 
tumour  of  considerable  size,  Avhose  structure  is 
like  that  of  the  normal  gland,  and  so  the  condition  is  sometimes  desig- 
nated Hyperplasia  of  the  pineal  gland.   There  may  also  be  a  Papilloma 


mpc:-  ■■■ 

Fig.  245. — AsmaUiisaminonin 
of  the  dura'mater,  natural  size. 
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arising  from  the  choroid  plexus  either  in  the  lateral  ventricles  or  the 
fourth  ventricle. 

The  Osteoma  hardly  occurs  in  the  membranes  as  a  distinct  tumour, 
but  it  is  common  to  find  flat  pieces  of  bone  in  the  dura  mater,  especially 
in  the  falx  and  tentorium,  and  even  in  the  arachnoid. 

The  Pacchionian  bodies  sometimes  give  origin  to  tumours  which  may 
grow  to  considerable  dimensions.  These  bodies  consist  of  papillae  which 
spring  from  the  arachnoid  and  project  in  various  directions ;  some  of 
them  present  towards  the  skull,  where,  after  thinning  the  diu-a  mater, 
they  cause  pits  ;  others  project  into  the  longitudinal  sinus. 

Cleland  has  described  two  tumours  of  a  papillary  character  which  grew  from  the 
dura  mater  and  pressed  on  the  brain  substance.  Although  one  of  these  was  situated 
in  the  falx,  which  does  not  normally  present  pacchionian  bodies,  yet  the  structure 
of  the  tumours  conformed  to  that  of  these  bodies.  In  that  on  the  falx  there  were 
calcareous  masses  like  those  which  characterize  the  psammoma.  The  tumom's 
measured  respectively  two  inches  and  one  and  a  half  in  diameter. 

Sarcomas  are  exceedingly  important  tumours,  especially  those  of  the 
Dura  mater.  Most  of  these  tumours  are  soft  in  consistence  and  contain 
chiefly  round  cells.  Sometimes  there  is  a  distinct  alveolar  structure, 
and  the  cells  have  a  distinct  resemblance  to  epithelium,  so  that  the 
tumours  have  been  often  described  as  Cancers.  There  are  even  tumours 
remarkably  like  epitheliomas  sometimes  observed  in  the  dura  mater; 
they  are  generally  regarded  rather  as  endotheliomas.  The  sarcomas 
generally  present  great  malignancy.  On  the  one  hand,  they  extend  and 
involve  neighbouring  parts  of  the  dura  mater  as  well  as  the  soft  mem- 
branes and  the  brain ;  and,  on  the  other  hand,  they  press  outwards  on  the 
skull,  and  may,  after  destroying  the  bone,  work  through  to  the  external 
surface.  These  tumours  have  their  seat  mostly  at  the  base  of  the  skull 
and  often  lead  to  serious  nervous  lesions.  They  may  involve  directly 
such  structures  as  the  pons  or  medulla  oblongata,  the  sarcomatous  tissue 
growing  into  and  replacing  the  proper  structure ;  they  also  grow  into 
the  cranial  nerves.  By  involving  the  bone  and  enlarging  it,  they  may 
impinge  on  the  foramina  by  which  the  nerves  take  exit.  As  they  are 
seated  usually  at  the  base,  they  generally,  when  they  work  through  the 
skull,  present  at  the  pharynx  or  nares. 

Of  the  remaining  tumours,  the  Syphilitic  have  been  already  considered 
(p.  577).  Tubercular  growths  hardly  ever  occur  except  by  propagation 
from  disease  of  the  vertebrte.  Dermoid  cysts  of  the  dura  mater  have 
been  observed  in  a  few  cases. 

The  Echinococcus  sometimes  develops  in  the  neighbourhood  of  the 
spinal  canal,  in  the  muscles  or  in  the  vertebrae.  By  enlarging  it  may 
extend  into  the  canal,  pushing  the  dura  mater  before  it  and  comin'essing 
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the  cord.  It  has  even  been  found  to  have  its  seat  inside  the  dura 
mater.  A  few  cases  of  Cysticercus  in  the  subarachnoid  space  have  been 
described. 

Literature. — Beigel,  (Cysts  of  choroid  plexus)  Path,  trans.,  1869,  xx.;  Kellt, 
(Papilloma  of  4th  vent.)  do.,  1873,  xxiv. ;  Cleland,  Glasg.  Med.  Jour.,  xi.,  1861 ; 
Davaine,  Traits  des  entozoaires,  1878 ;  Mader,  (Cysticercus  in  3rd  vent.)  Berichte 
des  Eudolfstiftes  in  Wien,  1872. 

v.— AFFECTIONS  OF  THE  PINEAL  AND  PITUITARY  BODIES. 

The  pineal  gland  is  occasionally  the  seat  of  tumours.  There  are 
simple  enlargements  from  hyperplasia,  sometimes  with  increase  of  the 
brain  sand  constituting  a  psammoma.  There  are  also  cysts  replacing 
the  gland. 

Bulky  tumours  of  a  complex  structure  have  been  observed  originating 
in  the  pineal  gland,  sometimes  attaining  to  the  size  of  a  small  apple. 
Weigert  has  described  a  teratoma  which  measured  an  inch  and  three 


Fig.  24(5.— From  complex  tumour  of  pineal  glaud.  a,  cartilage,  b, 
gland  tissue  developing  cysts  ;  c,  sarcomatous  tissue. 


eighths  in  diameter,  and  contained  hairs,  hair-follicles,  sebaceous  glands, 
cartilage,  fat,  smooth  muscle,  cylindrical  epithelium,  and  perhaps  nerves. 
Falkson  and  the  author  have  recorded  cases  to  Avhich  the  name  chondro- 
adeno-sarcoma  might  be  given,  in  which  the  bulk  of  the  tumour  was 
sarcomatous,  but  associated  with  cartilage,  glandular  structures,  and 
cysts  (see  Fig.  246),  and  Turner  has  described  one  somewhat  similar  in 
structure  but  without  cartilage. 
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From  the  position  of  the  pineal  gland  these  tumours  are  specially- 
liable  to  distend  the  third  ventricle,  and  they  will  frequently  press  on 
the  optic  thalami,  peduncles  and  corpora  quadrigemina  (see  Fig.  247). 


Pig.  247. — ^Tumour  of  pineal  gland,  a,  tumour ;  b,  pedicle  attached  in  sitaation  of 
pineal  gland ;  c,  corpora  quadrigemina  ;  d,  thalamus  opticus ;  e,  third  ventricle ;  /,  optic 
nerve  ;  g,  portion  of  tumour  in  aqueduct  of  Sylvius  and  fourth  ventricle. 

At  an  early  period  of  developiaent  the  pineal  gland  contains  saccules  and  follicles 
lined  witli  cylindrical  epithelium,  and  this  structure  is  retained  in  adult  life  in  some 
animals.  According  to  recent  observations  the  pineal  gland  is  an  aborted  or  rudi- 
mentary median  eye,  the  Pineal  eye,  which  in  the  reptilia  still  shows  sufficient  struc- 
ture to  be  recognizable.  The  eye  is  of  the  invertebrate  type  having  the  rods  and 
cones  in  front  of  the  expansion  of  the  nerve  instead  of  behind  it  as  in  the  vertebrata. 
These  observations  may  perhaps  exj)lain  the  occurrence  of  tumours  with  epitheUum, 
cartilage,  and  other  structures  in  the  pineal  gland. 

The  pituitary  body  may  take  part  in  various  processes  along  with  the 
membranes  of  the  brain.  It  may  be  the  seat  of  inflammation,  or  tuber- 
culosis, or  syphilis  in  common  with  these  membranes.  Or  there  may  be 
an  extension  of  tuberculosis  from  the  base  of  the  skull  to  it.  It  is  also 
liable  to  fatty  and  colloid  degeneration,  and  the  latter  may  cause  con- 
siderable enlargement  of  the  gland.  Tumours  also  occur  in  the  pituitary 
body.  Weigert  describes  one  the  size  of  a  hen's  egg  which  consisted  of 
the  normal  tissue  of  the  gland  but  highly  cedematous.  He  designates  it 
a  struma  or  goitre  of  the  gland.    Sarcoma  has  also  been  observed. 

Literature. — Pineal  (jland — Weigert,  Virch.  Arch.,  1875,  Ixv.;  Falkson,  ibid.,  1879, 
Ixxv.;  Turner,  Path.  Trans.,  1885,  xxxv.;  Coats,  ibid.,  1887,  xxxviii.;  Mihalicovics, 
Centralb.  f.  d.  med.  Wiss.,  1874;  Baldwin  Spencer,  (Pineal  eye)  Quart.  Jour,  of 
microscop.  Sc. ,  Oct.  188G. 
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SECTION  IV. 

DISEASES  OF  THE  ORGANS  OF  RESPIRATION. 

A.  — The  Nasal  Passaoes.    1.  Congenital  malformations;  2.  Hcemorrhage;  3. 

AciUe  catarrh;  4.  Chronic  catarrh;  5.  Syphilis  and  tuberculosis;  6.  Tumours  : 
7.  Foreign  bodies. 

B.  — Labynx  AND  Trachea.    I.  Malformations.    II.  Inflammations.    1.  Croup 

and  diphtheria,  lesions  in  fauces  and  larynx ;  question  of  independent  croup.  2. 
Acute  catarrh,  sometimes  leading  to  oedema  glottidis;  3.  Chronic  catarrh;  4. 
Subglottic  inflammation;  5.  Inflammation  of  cartilages.  III.  Syphilis  and 
Tuberculosis.    IV.  Tumours  and  Foreign  bodies. 

(J.  The  Bronchial  Tubes.    I.  Inflammations,  chiefly  1.  Catarrh,  constituiing 

ordinary  Bronchitis;  2.  Fibrinous  bronchitis.  II.  Stenosis  and  Dilatation. 
III.  Tumours  and  Foreign  bodies.  Imjoortance  of  the  lesions  resulting  from 
foreign  bodies. 

A. — The  Nasal  Passages. 

1.  Congenital  malformations. — Such,  deformities  as  absence  of  the 
nose  and  its  cavities,  stenosis,  and  so  on,  are  usually  parts  of  a  general 
malformation,  and  have  been  already  referred  to  under  General  Mal- 
formations. In  Clefts  of  the  lip  and  palate,  the  nasal  ca^dties  are  in 
communication  to  a  greater  or  less  extent  with  the  mouth.  This  com- 
munication renders  the  mucous  membrane  of  the  nares  liable  to  inflam- 
mation. Normally,  the  nasal  passages  are  protected  against  any  irrita- 
tion except  that  of  the  air  passing  through  them,  and  the  mucous  mem- 
brane is  correspondingly  sensitive.  We  know  how  the  accidental  passage 
of  a  piece  of  solid  food  into  the  nares  causes  great  irritation,  and  we  shall 
afterwards  see  that  the  existence  of  a  foreign  body  in  the  nares  is  a  fre- 
quent cause  of  prolonged  catarrh.  In  cases  of  cleft  palate  the  food  and 
secretions  of  the  mouth  readily  pass  into  the  nares  and,  although  a 
certain  tolerance  may  be  established,  persons  so  affected  are  peculiarly 
liable  to  catarrh  of  the  nares. 

2.  HsBmorrhage.  Epistaxis. — Haemorrhage  from  the  nares  is  of  fre- 
quent occurrence.  There  arc  persons  who  have  a  special  proclivity  to 
it,  in  whom  it  occurs  at  intervals  without  apparent  cause.  It  also  occm-s 
in  consequence  of  tumours,  especially  polypi  in  the  nares,  the  mucous 
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membrane  over  the  tumour  being  liable  to  bleed.  It  is  an  occasional 
concomitant  of  fevers  (typhoid  fever)  especially  at  their  onset.  The 
blood  usually  comes  from  the  anterior  part  of  the  nares,  and  especially 
from  the  mucous  membrane  over  the  cartilaginous  septum. 

3.  Acute  catarrh.  Acute  rhinitis.  Coryza. — Acute  inflammation  of 
the  nares  occurs  most  frequently  as  a  catarrh,  constituting  the  ordinary 
cold  in  the  head,  but  there  may  be  a  more  intense  and  specific  inflam- 
mation in  diphtheria  and  scarlet  fever. 

In  the  case  of  the  specific  fevers,  the  special  irritant  concerned  in  their 
production  may  attack  the  nares  and  produce  acute  inflammation  there. 
This  is  nearly  always  the  case  in  measles,  but  sometimes  also  in  small- 
pox, diphtheria,  and  scarlet  fever.  For  ordinary  catarrhs  Cold  is  usually 
assigned  as  the  cause.  The  mucous  membranes  of  the  air  passages  are 
indeed  much  more  liable  to  inflammations  than  those  of  the  alimentary 
canal,  and  an  exposure  to  cold  air  which  would  not  produce  any  catarrh 
of  the  mouth  might  possibly  do  so  in  the  nares.  Moreover,  the  fact  that 
the  nares  are  the  nearest  part  of  the  air  passages  to  the  air,  and  are 
therefore  most  exposed  to  the  action  of  cold,  is  an  indication  that 
such  exposure  has  probably  something  to  do  with  it. 

Mere  inhalation  of  cold  air  is  not  enough  to  produce  catarrh,  as  e\evy  one  who  is 
liable  to  cold  in  the  head  will  admit.  A  person  is  able  at  one  time  to  brave  any 
amount  of  exposure  without  the  risk  of  catarrh,  while  at  another  time  a  sUght 
draught,  or  no  perceptible  exposure  at  all,  will  bring  it  on.  Such  circumstances  as 
these,  taken  along  with  the  fact  that  the  catarrh  has  a  definite  course,  usually  of  a 
week's  duration,  has  induced  some  to  suppose  that  the  disease  is  really  due  to 
a  specific  morbid  poison.  In  this  view  it  is  necessary  to  suppose  that  the  microbes 
are  usually  present  in  the  air,  and  that  they  take,  as  it  were,  advantage  of  the 
mucous  membrane,  when,  at  any  time,  it  is  in  a  specially  predisposed  state.  This  pre- 
disposition may  be  induced  by  cold  applied  either  directly  to  the  mucous  membrane 
or  to  some  other  part  of  the  body,  but  other  predisposing  causes  may  exist.  Por 
instance,  when  a  person  is  overheated  the  arteries  of  the  skin  and  of  the  respiratory 
mucous  membranes  are  relaxed,  and  there  is  an  active  hypera3niia.  At  such  a  time 
a  catarrh  is  readily  induced  apparently  because  the  mucous  membrane  is  less  able 
to  resist  the  action  of  irritants  than  usual.  There  is  apparent  confirmation  of  such 
a  view  as  this  in  the  fact  that  nasal  catarrh  undoubtedly  occurs  as  the  result  of 
the  action  of  specific  irritants.  In  measles  the  catarrh  of  the  nares  and  conjunctiviK  is 
referrible  to  the  specific  virus  of  that  disease.  In  hay  asthma  the  irritation  of  the 
pollen  of  grasses  is  believed  to  be  the  cause  of  the  catarrh.  Again,  it  is  commonly 
stated  that  nasal  catarrh  is  communicable  from  person  to  person,  and  it  is  hardly 
conceivable  that  this  could  occur  unless  the  disease  had,  as  a  part  of  its  cause,  some 
specific  materies  morbi. 

The  catarrh  begiiis  with  an  inflammatory  hypersemia  of  the  mucous 
membrane.  This  may,  of  itself,  lead  to  swelling  so  great  as  partially 
to  obstruct  the  passages,  giving  the  feeling  of  a  "  stuffed  nose." 
The  inflammation  soon  passes  on  to  exudation.    This  finds  its  way 
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for  the  most  part  to  the  surface,  but  in  its  passage  it  increases  the 
swellina;  of  the  mucous  membrane.  The  exudation  is  the  usual  one  of 
inflammation,  namely  the  blood-plasma  with  leucocytes.  At  first  this 
is  mixed  with  mucus,  but  as  it  increases  in  amount  it  rapidly  assumes 
a  serous  character,  and  we  know  that  a  great  abundance  of  serous  fluid 
may  be*  discharged  from  the  nostrils.  As  time  goes  on  the  leucocytes 
increase  in  the  exudation,  and  it  may  assume  a  semi-purulent  character. 
Sometimes  red  corpuscles  are  present,  giving  the  discharge  a  greenish- 
yellow  colour. 

It  is  to  be  remembered  that  there  are  various  cavities  in  direct  com- 
munication with  the  nares,  of  which  the  principal  are  the  rrontal 
sinuses  and  the  Antrum  of  Highmore,  and  that  these  frequently  take 
part  in  the  acute  catarrh.  It  will  be  observed  that  in  all  stages  of  the 
catarrh  there  is  more  or  less  swelling  of  the  mucous  membrane,  and  that 
this  leads  to  the  obstruction  of  the  passages  which  is  such  a  marked 
symptom.  This  swelling  is  temporary  in  the  acute  disease,  but  in 
chronic  catarrh  it  is  apt  to  give  way  to  a  more  permanent  thickening. 

Acute  inflammation  sometimes  extends  to  the  nares  in  Dij)htheria. 
The  anatomical  changes  will  be  considered  in  next  section. 

4.  Chronic  nasal  catarrh. — This  may  supervene  upon  acute  catarrh, 
or  it  may  be  of  more  independent  origin.  Sometimes  the  presence  of 
foreign  bodies  induces  it.  The  prolonged  existence  of  catarrh  leads  to 
various  changes  in  the  mucous  membrane.  There  may  be  Atrophy 
with  induration,  a  process  similar  to  cirrhosis.  In  this  case  there  is 
frequently  an  excessive  purulent  secretion  (Ozsena),  which  usually  has 
a  very  foetid  smell.  In  other  cases  there  is  Hypertrophy  of  the  mu- 
cous membrane,  which  may  even  amount  to  a  distinct  polypus  (see 
below).  The  finer  ramifications  of  the  olfactory  nerves  are  injured  by 
these  tissue  changes  and  smell  is  lost  or  impaired,  in  many  cases  per- 
manently. 

5.  Syphilitic  and  Tubercular  lesions  of  the  nares.— Syphilis  not 

infrequently  affects  the  nares  in  the  tertiary  stage.  There  is  the  forma- 
tion of  gummatous  tissue  with  inflammation,  beginning  either  in  the 
mucous  membrane  or  in  the  deeper  parts.  As  the  lesion  is  superficial 
there  is  usually  ulceration,  and  this  may  involve  the  soft  parts  and  the 
bones  very  extensively.  There  may  arise  in  this  way  serious  lesions^ 
such  as  perforation  of  the  septum,  communication  with  the  mouth, 
falling  in  of  the  nasal  bones,  etc.  When  the  bones  are  aff"ected  the  dis- 
charge is  liable  to  be  very  putrid  {SyphUitic  ozoiim).  If  healing  occurs 
the  cicatricial  contraction  may  produce  still  further  deformities. 

Tuberculosis  of  the  nares  is  not  often  observed,  perhaps  because  the 
nares  are  not  usually  examined  fully  post  mortem.    The  disease  occurs 
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chiefly  in  connection  with  tuberculosis  of  the  lungs.  There  are 
tubercles  in  the  mucous  membrane  and  ulceration. 

6.  Tumours. — The  most  freqiient  tumours  of  the  nares  are  the 
Mucous  polypi.    Like  other  mucous  polypi  they  occur  very  commonly 
as  a  result  of  chronic  catarrh,  but  they  appear  occasionally  without  any 
such  cause.    They  are  usually  in  the  form  of  rounded  projections 
having  a  comparatively  narrow  base  or  neck,  the  growth  becoming 
more  pedunculated  as  it  enlarges.    They  often  produce  much  obstruc- 
tion of  the  passages.   In  structure  some  of  them  present  simply  the 
constituents  of  the  inflamed  mucous  membrane,  connective  tissue  with 
rather  wide  serous  spaces,  and  covered  with  cylindrical  ciliated  epi- 
thelium.   (If  the  epithelium  be  examined  in  fluid  immediately  after  re- 
moval, the  ciliary  motion  will  be  seen.)   The  connective  tissue  is  usually 
so  infiltrated  with  serous  fluid  as  to  give  an  oedematous  appearance  to 
the  polypus,  and  sometimes  a  more  definite  cystic  formation  occurs.  In 
some  cases  there  are  contained  in  the  tumour  mucous  glands,  but  it  is 
doubtful  if  there  is  a  true  newformation  of  gland  tissue.    Cysts  some- 
times develop  from  dilatation  of  mucous  glands  contained  in  the 
tumour.    The  polypi  are  not  infrequently  multiple. 

Polypi  are  sometimes  found  of  a  different  character  from  those  men- 
tioned above.  There  may  be  true  Papillomata,  or  there  may  be 
Myxomata  or  Fibromata  taking  the  form  of  polypi.  These  latter  may 
take  origin  in  the  periosteum.  Malignant  tumours  also  sometimes 
assume  the  polypoid  form. 

Of  the  malignant  tumours  Sarcomas,  originating  mostly  in  the  peri- 
osteum or  perichondrium,  may  produce  serious  obstruction  and  de- 
formities of  the  nasal  structures.  The  sarcomas  often  dislocate  the  nasal 
bones,  and  involve  the  neighbouring  structures  in  their  substance.  In 
this  way  they  sometimes  penetrate  into  the  antrum,  or  involve  the  hard 
palate  and  alveoli.  Cancers  rarely  occur  in  the  nares  as  primary 
tumours,  but  may  involve  them  by  extension  from  neighbouring 
parts. 

7.  Foreign  bodies. — Diflferent  kinds  of  foreign  bodies  are  not  in- 
frequently found  in  the  nares.  They  may  be  introduced  into  the 
nostrils  accidentally  or  designedly  by  children,  and  consist  of  various 
articles.  These  may  become  coated  with  lime  salts  so  as  to  form  nasal 
calculi  or  Rhinoliths,  which  may  also  form  without  a  true  foreign  body, 
the  lime  being  deposited  in  inspissated  secretions.  Occasionally,  maggots 
find  their  way  into  the  nares,  and  sometimes  fungi  (Aspergillus  fumiga- 
tus)  form. 

Most  foreign  bodies  irritate  the  mucous  membrane,  producing  chronic 
catan-h,  frequently  accompanied  by  very  putrid  discharges  (Ozasna). 
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B. — The  Larynx  and  Trachea. 

The  lesions  of  the  larynx  and  trachea  are  frequently  associated  with 
those  of  the  bronchi,  more  especially  the  inflammations.  Their  separa- 
tion here  is  consequently  somewhat  artificial. 

I.  Malformations. — Entire  Absence  of  the  larynx  and  trachea  occurs 
only  in  acephalic  monsters  which  are  incapable  of  living.  There  are, 
further,  cases  of  Communication  between  the  trachea  and  oesophagus  ; 
generally  in  these  cases  the  pharynx  ends  in  a  cul-de-sac  and  the  ceso- 
phagus  opens  into  the  trachea.  Then  we  meet  with  cases  of  imperfect 
closure  of  the  original  branchial  arches  leading  to  the  Congenital  fistula 
of  the  neck,  already  considered  (see  p.  47).  Again,  Individual  carti- 
lages, as  the  epiglottis,  or  one  or  more  of  the  rings  of  the  trachea,  may 
be  absent,  or  there  may  be  one  or  more  rings  supernumerary.  The 
trachea  may  divide  into  three  main  bronchi  instead  of  two,  and  in  that 
case  two  stems  pass  to  the  right  lung  and  one  to  the  left.  Occasionally 
the  larynx  is  congenitally  narrow,  or  it  may  fail  to  undergo  the  usual 
changes  at  puberty,  especially  in  cases  of  castration  before  puberty  or  of 
non-descent  of  the  testes.  Lastly,  the  trachea  has  been  observed  to  the 
left  of  the  oesophagus  or  even  behind  it. 

IL  Inflammations  of  the  larynx  and  trachea. — 1.  Croup  and  Diph- 
theria.— Much  has  been  written  on  the  question  whether  these  two  dis- 
eases are  identical  or  not.  Without  in  the  meantime  entering  on  that 
subject,  it  may  be  said  that  in  using  the  terms  here  it  is  intended  to  refer 
to  the  conditions  which  are  designated  clinically  as  croup  and  diphtheria, 
and  that  the  distinction  sometimes  made  between  croupous  and  diph- 
theritic inflammation  is  not  made  use  of.    (See  ante,  p.  133.) 

In  Diphtheria  we  have  a  disease  which  is  undoubtedly  infectious, 
its  communicability  from  person  to  person  being  doubtless  associated 
with  the  fact  that  it  depends  on  the  existence  of  specific  bacteria,  whose 
characters,  however,  have  not  been  fully  established.  (See  ante,  p.  304.) 
The  specific  microbe,  either  in  itself  or  by  its  products,  is  an  irritant  to 
mucous  membranes,  and  produces  violent  inflammations. 

The  inflammations  diff"er  somewhat  in  the  fauces  and  nares  on  the  one 
hand  and  the  larynx  and  trachea  on  the  other.  In  both  cases,  a  catarrh 
is  the  first  sign  of  inflammation.  The  mucous  membrane  is  hypercemic, 
and  there  is  increased  mucous  secretion.   In  the  case  of  the  Fauces  and 
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Nares  this  is  succeeded  by  the  formation  of  a  false  membrane,  which  does 
not  lie  free  on  the  surface  but  involves  the  superficial  layers  of  the 
mucous  membrane  as  "vvell.  The  irritant  in  fact  has  caused  a  partial 
necrosis  of  the  mucous  membrane,  Avhich  by  and  by  sloughs  and  leaves 
an  ulcer.  The  necrosis  here  is  in  the  form  of  coagulation-necrosis,  the 
dead  tissue  becoming  converted  into  something  like  a  fibrinous  clot,  and 
enclosing  true  fibrine  in  its  meshes.  The  false  membrane  is  therefore 
composed  of  fibrine  and  necrosed  and  coagulated  mucous  membrane. 
AVhen  the  slough  separates  or  is  removed  there  is  apt  to  be  a  second 
formation  of  false  membrane. 

In  the  Larynx  and  Trachea  the  process  is  a  somewhat  different  one. 
The  disease  usually  begins  in  the  fauces,  whence  it  occasionally  extends 
in  the  nares,  and  more  frequently  into  the  pharynx  and  larynx.  In  the 
larynx,  after  the  catarrhal  stage,  there  is  the  production  of  a  false  mem- 
brane, but  this  does  not  adhere  to  the  mucous  membrane,  nor  is  there 
usually  any  necrosis.  The  false  membrane  is  a  whitish  layer  which  is 
loosely  connected  with  the  mucous  membrane  and  is  readily  raised  by 
the  accumulation  of  mucus  under  it.  There  are  undoubted  inflam- 
matory changes  in  the  mucous  membrane  in  the  form  of  infiltration  mth 
round  cells,  but  the  only  actual  loss  of  substance  is  the  shedding  of  the 
epithelium  of  the  surface.  The  epithelium  always  undergoes  necrosis 
before  the  formation  of  the  false  membrane. 

Differences  of  opinion  exist  as  to  the  nature  of  this  false  membrane  in  the  larynx 
and  trachea.  By  Wagner  it  has  been  asserted  that  it  arises  from  the  epithelium, 
being  the  product  of  what  may  be  regarded  as  a  coagulation-necrosis  of  it.  It  is  not 
to  be  denied  that  the  epithelium  may  undergo  this  process,  but  it  does  not  seem 
possible  that  this  can  be  the  source  of  the  whole  membrane.  We  know  that  the  mem- 
brane is  often  removed  and  reproduced,  and  that  it  may  be  ijroduced  in  such  quantity 
as  to  fill  up  the  larynx  completely.  The  thin  layer  of  epithelium  is  quite  inadequate 
to  such  a  result,  and  we  must  believe  that  fibrine  is  actually  deposited  on  the 
inflamed  surface.  The  removal  of  the  epithelium  leaves  the  surface  incapable  of 
preventing  the  disintegration  of  the  leucocytes.  The  false  membrane  is,  therefore, 
to  be  regarded  as  an  inflammatory  exudation,  and  in  its  histological  characters  it 
agi-ees  with  this.  It  consists  of  a  fibrinous  network,  often  very  coarse  in  its  texture, 
and  with  inflammatory  cells  in  it. 

Croup  is  a  name  generally  given  to  membranous  sore  throats  in  which 
the  exudation  is  mainly  or  entirely  in  the  larynx  and  trachea.  The  name 
Avas  first  apjilied  before  the  eminently  contagious  diphtheria  was  dis- 
tinguished, and  it  was  commonly  understood  to  designate  a  pecidiarly 
violent  inflammation  of  the  air  passages.  There  seems  to  be  no  doubt 
that,  now-a-days  at  least,  the  great  majority  of  cases  of  croup  are  really 
cases  of  diphtheria  in  which  the  disease  is  mainly  or  entirely  in  the 
larynx  and  trachea.    The  name  is  also  given  to  throat  aff'ections  in 
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general,  in  which  respiration  is  accompanied  by  a  crowing  sound,  this 
being  indeed  the  original  meaning  of  the  term  Croup,  which  is  a  Scotch 
word  signifying  the  sound  made  in  such  cases. 

We  have  seen  that  in  the  larynx  diphtheria  produces  an  inflammation  in  which, 
after  the  shedding  of  the  ei^ithehum,  a  fibrinous  exudation  occurs.  It  is  asserted  by 
some  that  tlie  diphtheritic  poison  is  the  only  agent  capable  of  producing  this  form  of 
inflammation.  Looking  at  the  matter  from  a  purely  pathological  point  of  view 
apart  from  clinical  experience,  it  certainly  seems  jjossible  that  other  irritants  may 
produce  similar  results.  Croup  has  been  produced  artificially  in  rabbits  by  the 
injection  of  ammonia  into  the  trachea  (Weigert).  In  these  cases  the  irritant  first 
kills  the  epithelium,  and  then  fibrine  is  deposited.  If  croup  occurs  in  man  aj)art 
from  diphtheria,  the  irritant  must  be  strong  enough  to  destroy  the  surface  epithelium. 
Apart  from  the  action  of  microbes,  such  an  irritant  must  be  of  rare  occurrence,  but 
the  possibility  of  its  existence  is  not  to  be  denied.  We  shall  see  afterwards  that  in 
rare  cases  we  meet  with  a  bronchial  croup  where  there  can  be  no  question  of  diph- 
theria, and  so  we  may  have  laryngeal  and  tracheal  croup  of  a  simple  inflammatory 
kind.  In  such  cases  there  will  be  no  signs  of  general  disease,  but  all  the  symptoms 
will  be  referrible  to  the  local  inflammation  and  obstruction  of  the  larynx.  It  should 
be  added  that  laryngeal  croup  has  been  met  with  in  small-pox,  measles,  pysemia, 
etc.,  and  in  that  case  it  is  to  be  ascribed  to  the  action  of  specific  morbid  j)oisons,  as  in 
diphtheria. 

2.  Acute  catarrh  of  the  larynx  and  trachea. — We  have  seen  that 
Acute  catarrh  forms  the  first  stage  in  croup ;  it  is  the  result  of  the 
action  of  the  specific  poison.  Similarly  Ave  have  acute  catarrh  in 
measles  and  small-pox,  there  being  here  a  specific  eruption  similar  to 
that  on  the  skin,  along  with  acute  catarrh.  As  we  have  already  seen, 
this  may,  in  exceptional  cases,  go  on  to  the  formation  of  a  fibrinous 
exudation  as  in  diphtheria.  In  typhoid  fever  we  may  also  have  acute 
catarrh,  which,  according  to  Eppinger,  is  of  similar  significance  to  the 
afi'ection  of  the  intestine,  being  due  to  the  specific  agent.  Catarrh 
occurs  also  as  an  independent  affection,  just  as  nasal  catarrh  does,  and 
in  this  case,  although  usually  slight,  it  may  assume  a  very  severe 
character.  Lastly,  a  catarrh  may  be  set  up  by  the  inhalation  of  irri 
tating  chemical  fumes. 

There  is,  as  in  other  inflammations,  hypersemia  and  exudation.  The 
mucous  membrane  is  red  as  seen  during  life,  but  on  por' -mortem 
examination  the  redness  has  usually  disappeared  entirely,  the  vessels 
emptying  apparently  by  the  shrinking  of  the  tissue.  The  exudation  is 
originally  mucous  in  character,  and  is  not  generally  verj'-  abundant. 
After  a  time,  as  in  the  case  of  nasal  catarrh,  it  usually  assumes  a  more 
purulent  character.  The  swelling  of  the  mucous  membrane  is  not 
usually  great,  and  there  is  not  commonly  any  serious  obstruction.  On 
the  other  hand,  in  children  a  slight  catarrh  maj'  bring  on  a  sudden 
suffocative  attack  due  not  so  much  to  the  swelling  as  to  spasm  of  the 
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muscles.  As  an  unusual  complication  of  acute  laryngitis  may  be  men- 
tioned oedema  glottidis,  the  condition  next  to  be  described. 

(Edema  glottidis. — This  name  is  applied  to  a  comparatively  sudden 
tedematous  swelling,  causing  often  a  serious  or  even  fatal  obstruction  of 
the  larynx.    The  oedema  is  in  most  cases  an  inflammatory  exudation, 
but  it  occurs  in  Bright's  disease  as  part  of  a  general  oedema.    It  may 
be  part  of  a  simple  inflammation  of  the  larynx,  or  may  be  connected 
with  diphtheria,  or  the  pustular  inflammation  of  small-pox.    Or  the 
inflammation  may  be  propagated  from  the  pharynx  and  fauces,  or  from 
the  inflamed  perichondrium.    The  condition  is  not  an  oedema  of  the 
mucous  membrane  itself ;  that  would  produce  a  very  moderate  swell- 
ing ;  but  it  is  an  inflammation  and  oedema  extending  to  the  submucous 
tissue.    In  most  parts  of  the  larynx  there  is  little  or  no  submucous 
tissue,  the  mucous  membrane  being  bound  down  to  the  perichondrium. 
There  are  some  parts,  however,  where  the  tissue  is  looser,  chiefly  the 
base  of  the  epiglottis,  and,  to  a  less  extent,  the  whole  epiglottis,  the 
ventricular  bands,  and,  most  of  all,  the  ary-epiglottic  folds.    The  epi- 
glottis is  swollen,  especially  at  its  base;  the  ary-epiglottic  folds  are 
usually  much  tumefied,  appearing  as  rounded  tumours  projecting  back- 
wards from  the  base  of  the  epiglottis.    These  rounded  swellings  form 
indeed  the  most  prominent  appearances.    The  ligaments  passing  from 
the  epiglottis  to  the  tongue  are  also  sometimes  swollen.    Examined  from 
above,  the  tumefied  ary-epiglottic  folds  conceal  the  parts  beneath,  but 
on  laying  open  the  larynx  after  death  it  is  found  that  the  ventricular 
hands  (false  cords)  are  tumefied,  although  the  true  cords  are  usually 
very  little  afi'ected.    The  oedema  may  afl'ect  the  submucous  tissue  in  the 
trachea  for  some  distance  below  the  glottis.    If  the  swollen  parts  be  cut 
uito  a  fluid  exudes,  which  is  usually  sero-purulent  and  sometimes  almost 
purulent.    Occasionally  there  is  blood  in  it. 

3.  Chronic  catarrh.— This  is  a  common  result  of  repeated  attacks  of 
acute  catarrh,  but  may  occur  spontaneously.  It  is  chiefly  charac- 
terized, like  other  chronic  inflammations,  by  newformation  of  tissue ; 
the  mucous  membrane  is  thickened,  and  its  surface  is  irregiilar.  The 
increase  is  mainly  of  connective  tissue  which,  having  the  usual  char- 
acters of  that  resulting  from  inflammation,  gives  rigidity  to  the  parts. 
The  moveable  structures  of  the  larynx  are  thus  rendered  more  or  less 
stiff,  and  hoarseness  is  the  result.  Not  infrequently  flat  superficial 
ulcers  or  erosions  form,  and  these  have  their  seats  most  commonly  at 
the  posterior  commissure.  The  racemose  glands  of  the  larynx  may 
undergo  special  enlargement  so  as  to  appear  as  rounded  prominences. 
They  sometimes  ulcerate,  and  so  give  rise  to  small  crater-shaped  ulcers, 
which  are  chiefly  to  be  seen  on  the  epiglottis  and  ary-epiglottic  liga- 
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monts.  The  thickening  and  contraction  of  the  connective  tissue  are 
sometimes  so  great  as  to  produce  very  great  Stenosis  of  the  larynx,  so 
that  tracheotomy  is  needed  to  jDermit  of  respiration.  Sometimes 
mucous  polypi  form  on  the  surface,  and  add  to  the  irregularity. 

4.  Subglottic  inflammation. — This  disease,  which  is  not  of  very 
frequent  occurrence,  is  an  inflammation  of  the  mucous  membrane 
beneath  the  glottis.  It  may  be  acute  at  its  onset,  but  it  generally 
passes  into  a  chronic  stage.  It  has  been  observed  as  a  sequel  to 
erysipelas  and  typhus  fever,  and  may  take  origin  apparently  in  inflam- 
mation of  the  jjerichondrium.  In  acute  cases  there  may  be  considerable 
(Edematous  swelling.  In  the  chronic  form  there  is  thickening  of  the 
mucous  membrane  as  in  ordinary  chronic  laryngitis.  The  inflammation 
is  often  just  beneath  the  cords,  and  so  may  produce  fixation  of  them, 
but  it  may  occur  further  down,  and  is  not  infrequently  in  patches  in- 
terrupted by  normal  mucous  membrane. 

5.  Inflammation  of  the  perichondrium.  Perichondritis. — This 
disease  is  rarely  a  primary  one,  being  induced  chiefly  by  syphilitic  and 
tubercular  inflammations,  especially  Avhen  there  is  deep  ulceration  ex- 
tending down  to  the  perichondrium.  It  occurs  occasionally  as  a  sequel 
of  typhoid  and  also  probably  of  typhus  fever.  It  has  usually  a  some- 
what chronic  course,  but  may  be  acute,  and  in  either  case  it  ends  in  the 
formation  of  pus  under  the  perichondrium.  The  pus,  accumulating 
under  the  perichondrium,  cuts  off"  the  cartilage  from  its  source  of  nutri- 
tion, and,  just  as  in  periostitis,  this  is  usually  followed  by  necrosis  of 
the  cartilage.  The  destruction  of  the  cartilage  may  be  a  slow  process, 
and  there  may  be  a  kind  of  caries  followed  by  necrosis.  This  disease  is 
generally  confined  to  one  cartilage  at  the  outset,  the  cricoid  being  most 
frequently  attacked,  but  it  may  extend  to  others.  AVhen  suppuration 
has  occurred  the  inflammation  spreads  to  structures  around,  and  we  may 
have  burrowing  of  the  pus  under  the  mucous  membrane  for  some 
distance,  or  even  outside  the  larynx  among  the  structures  of  the  neck. 

The  necrosed  cartilage  is,  by  degrees,  separated  from  the  living.  It 
is  usually  discharged  into  the  larynx,  but  the  pus  sometimes  forms  an 
external  opening  through  which  the  cartilage  may  pass.  There  is 
usually  great  deformity  of  the  larynx,  which  may  be  partly  due  to  the 
primary  disease  and  partly  to  the  collapse  resulting  from  loss  of  the 
cartilage.  When  the  cartilage  is  discharged  it  is  generally  found  calci- 
fied or  ossified,  and  it  may  be  a  question  how  far  the  calcification 
preceded  the  inflammation.  Dietrich  has  suggested  that,  in  the  case  of 
the  cricoid,  ossification  may  sometimes  be  the  primary  condition,  and 
that  the  inflammation  may  be  induced  by  the  pressure  of  the  hardened 
cartilage  against  the  vertebral  column. 
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ni. — Syphilis  and  Tuberculosis  of  larynx  and  trachea.— 1.  Syphilie. 

— In  the  secondary  period  of*  syphilis  the  larynx  is  frequently  the  seat 
of  catarrhs  which  are  to  be  classified  along  with  the  various  inflam- 
mations of  that  stage.  There  may  be  in  this  period  slight  erosions  of 
the  surface,  but  no  proper  ulceration. 

In  tertiary  syphilis  the  larynx  is  occasionally  attacked,  and  we  have 
here,  as  in  other  situations,  irregular  infiltrations  of  granulation  tissue, 
gummatous  newformations,  ulcerations,  etc. 

The  lesions  may  be  at  first  comparatively  superficial,  consisting  of 
thickenings  and  elevations  of  the  mucous  membrane  so  as  to  form  irre- 
gular papillary  projections  {Condylomata),  which  sometimes  imitate  in 
appearance  epithelioma  of  the  larynx. 

Much  more  characteristic,  however,  are  deep  infiltrations  and  ulcer- 
ations. The  mucous  membrane  and  submucous  tissue  are  infiltrated  arid 
thickened,  ulcers  develop,  first  as  a  general  rule  in  the  epiglottis,  but 
they  are  prone  to  extend  deeply  and  widely  so  as  to  destroy  large 
portions  of  the  epiglottis  or  the  whole  of  it.  We  have  already  seen 
.  that  the  ulceration  may  lead  to  perichondritis  and  necrosis  of  the  car- 
tilage with  still  wider  results.  With  all  this  there  is  great  new- 
formation  of  connective  tissue  with  corresponding  deformity,  and,  if  the 
ulcers  heal,  the  contraction  of  the  cicatricial  tissue  leads  to  great 
deformity  and  not  infrequently  to  such  obstruction  of  the  glottis  as  to 
require  tracheotomy. 

Cong-enital  syphilis  sometimes  manifests  itself  in  the  larynx.  It 
may  be  in  the  form  of  a  superficial  catarrh,  sometimes  accompanied  by 
oedema  glottidis,  or  there  may  be  a  superficial  infiltration  of  the  mucous 
membrane.  It  is  rare  to  have  a  deep  infiltration  and  ulceration  such  as 
is  common  in  ordinary  syphilis. 

2.  Tuberculosis.  Laryngeal  and  Tracheal  phthisis. — Tuberculosis 
of  the  larynx  is  usually  secondary  to  pulmonary  phthisis,  the  mucous 
membrane  being  infected  by  the  sputum  from  the  lung ;  it  occurs  in 
about  30  per  cent,  of  the  cases  of  tuberculosis  of  the  lung.  But  it  is 
occasionally  primary.  Even  when  the  laryngeal  tuberculosis  is 
secondary  to  that  of  the  lung,  it  may  seriously  aggravate  the  latter  by 
the  infective  material  from  the  ulcerated  surfaces  being  carried  into  the 
lung  by  insufflation. 

The  author  has  recorded  a  case  of  primary  tuberculosis  of  the  hirynx.  From 
observation  in  several  cases  he  is  induced  to  beUeve  that,  not  infrequently,  a  slight 
pulmonary  tuberculosis  produces  an  infection  of  the  larynx,  and  that  the  latter  may 
advance  while  the  former  retrogrades.  The  laryngeal  phthisis  may  thus  slowly  go 
on  to  ulceration  while  the  pulmonary  affection  heals.  Subsequently  the  lung  may 
become  infected  from  the  larynx.    In  cases  of  ulcerated  laryngeal  tuberculosis,  there 


616 


LARYNX  AND  TRACHEA. 


is  often  a  very  rapid  and  extensive  tuberculosis  of  the  lung,  which  presents  the 
features  of  an  almost  simultaneous  infection. 

In  cases  of  phthisis  pulmonalis  the  mucous  membrane  of  the  larynx 
is  frequently  pale  from  anaemia,  but  this  may  be  nothing  more  than  a 
manifestation  of  a  general  anaimia  secondary  to  the  wasting  disease  of 
the  lungs.  The  first  result  of  the  actual  tubercular  disease  is  inflam- 
matory thickening  of  the  mucous  membrane.  There  is  at  first  chiefly 
an  exudation  of  serous  fluid  and  inflammatory  cells,  so  that  it  is  mainly 
an  cedematous  thickening.  It  is  most  marked  in  the  epiglottis  and  ary- 
epiglottic  folds,  these  latter  often  showing  themselves  as  rounded 
prominences.  In  this  stage  microscopic  examination  shows  the 
presence  of  tubercles  with  their  characteristic  structure,  along  with. 
inflammatory  cells.  The  tubercles  are  in  the  mucous  membrane  and 
the  submucous  tissue,  the  epithelium  being  as  yet  intact. 

To  the  thickening  succeeds  ulceration,  the  ulcers  being  at  first  small 
and  superficial.  These  ulcers  result  from  the  caseation  and  softening  of 
superficial  tubercles.  By  coalescence  larger  ulcers  form  out  of  the  smaller 
ones,  and  there  is  a  continual  tendency  to  sjareading.  As  a  rule  there 
are  many  ulcers,  and  between  them  is  thickened  mucous  membrane, 
which  at  the  borders  of  the  ulcers  sometimes  presents  irregular  projec- 
tions like  papillary  outgrowths.  The  ulcers  are  at  first  superficial,  but 
as  the  disease  progresses  considerable  destruction  of  tissue  may  result. 
The  vocal  cords  are  not  infrequently  destroyed,  and  so  there  is  loss  of 
voice,  but  the  voice  may  be  lost  from  the  rigidity  of  the  structures 
caused  by  thickening  from  chronic  inflammation.  Again,  perichondritis 
not  infrequently  follows,  with  suppuration,  and  this  causes  still  farther 
infltimmatory  manifestations. 

Ulceration  not  uncommonly  exists  in  the  trachea  and  bronchi  as  awU 
as  in  the  larynx.  There  are  many  ulcers,  and  it  is  not  uncommon  to 
find  the  cartilaginous  rings  of  the  trachea  extensively  exposed.  With 
these  ulcerations  of  the  trachea  there  will  be  swelling  of  the  remaining 
mucous  membrane  and  sometimes  a  perichondritis  with  necrosis. 

The  lymphatic  glands  in  the  neck  are  aff'ected  secondarily  to  the 
larynx;  they  are  the  seat  of  scrofulous  processes  such  as  we  have  already 
described,  and  their  enlargement  may,  in  some  cases,  aid  in  the  exact 
diagnosis  of  the  disease  in  the  larynx. 

Leprosy  produces  in  the  larynx  thickenings  and  ulcerations  similar  to 
those  of  the  skin. 

Glanders  also  attacks  the  larynx,  producing  the  lesions  already 
described. 

IV.  Tumours  of  larynx  and  trachea. — The  most  frequent  form  of 
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tiimovir  of  the  larynx  is  the  Papilloma.  This  tumour  is  often  preceded 
by  catarrhal  conditions,  and  is  particularly  common  in  persons  who, 
from  the  nature  of  their  profession,  use  the  voice  frequently.  But  it 
often  occurs  without  either  of  these  predisposing  conditions.  The 
tumoui-s  most  frequently  grow  from  the  vocal  cords,  where  the  epithe- 
lium is  flat.  They  consist,  like  other  papillomas,-of  a  basis  of  connective 
tissue  forming  numerous  conical  projections  covered  with  epithelium 
{see  Fig.  248).    The  epithelium  may  be  thick,  and  the  connective  tissue 


Pi^.  248. — Papilloma  of  larynx,  e,  e,  greatly  thickened  epithelium  ;  h,  connec- 
tive tissue ;  g,  mucous  glands ;  /,  a  gland  at  base  of  tumour  atrophied  by  its 
pressure,    x  20.    (CORNir.  and  Eanvier.) 


dense,  so  that  the  tumour  is  like  a  hard  wart,  or  the  epithelium  may  be 
thin  and  the  connective  tissue  soft,  sometimes  richly  infiltrated  with 
round  cells,  and  so  the  growth  is  soft  like  a  soft  wart  or  condyloma.  The 
growth  may  occupy  a  small  surface  of  the  cord,  being  partially  peduncu- 
lated, but  it  often  has  a  considerable  base,  forming  a  shaggy,  irregular 
outgi'owth.  Sometimes,  after  extirpation,  these  tumours  are  said  to  take 
on  a  sarcomatous  character,  or  even  to  develop  a  cancerous  growth. 

A  kind  of  false  papilloma  occurs,  as  we  have  already  seen,  in  some 
cases  of  tubercular  or  syphilitic  ulceration  of  the  larynx.  Sometimes, 
also,  the  surface  of  an  epithelioma  has  a  papillary  character. 

Next  to  the  papillomas  the  Fibromas  are  the  commonest  tumours  in 
the  larynx.  Morell  Mackenzie  has  found  in  one  hundred  cases  of  non- 
malignant  tumours,  sixtjf-seven  papillomas  and  sixteen  fibromas.  They 
are  tumours  of  slow  growth,  mostly  seated  on  the  cords  or  at  the  base  of 
the  epiglottis.  They  consist  of  firm  or  soft  connective  tissue,  those  of 
firm  consistence  being  the  commoner.    They  arc  usuallj'  more  or  less 
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pedunculated,  and  their  surface  is  generally  smooth,  although  it  may  be 
irregular  or  even  furnished  with  papilla;.  They  are  usually  small 
tumours  from  the  size  of  a  split  pea  to  that  of  an  acorn. 

Mucous  polypi  occasionally  occur,  but  are  much  less  frequent  than  in 
the  nares.  They  very  commonly  undergo  transformation  into  cysts,  and 
their  most  frequent  seats  are  the  epiglottis  and  the  ventricles  of 
Morgagni. 

Other  forms  of  simjale  tumours  are  uncommon,  but  cases  of  Lipoma, 
Myxoma,  and  Angioma  have  been  met  with.  Cartilaginous  tumours 
formed  by  outgrowth  from  the  normal  cartilages  have  been  found. 
They  are  usually  multiple  and  sessile.  They  may  project  considerably 
into  the  larynx,  and,  being  covered  with  mucous  membrane,  may  be  mis- 
taken for  one  of  the  commoner  tumours  mentioned  aboA^e. 

Sarcomas  of  the  larynx  are  of  occasional  occurrence.  They  are  usually 
of  the  spindle-celled  form,  but  may  be  round  celled.  They  may  grow  to 
a  considerable  size,  and  are,  of  course,  prone  to  recur  unless  the  whole 
larynx  be  removed  along  with  the  tumour. 

Cancer  of  the  larynx  develops  in  the  form  of  flat-celled  Epithelioma. 
It  is  not  infrequently  a  primary  tumour,  growing  usually  from  the  ven- 
tricular bands,  but  also  originating  in  other  parts.  An  epithelioma  may 
also  extend  from  a  neighbouring  part,  particularly  from  the  tongue. 
There  is  first  a  limited  infiltration  which  extends  in  area,  and  gradually 
advances,  involving  the  parts  indiscriminately.  Very  commonly 
there  is  an  abundant  papillary  growth  on  the  surface  so  that  there  is  a 
resemblance  to  the  cauliflower  cancer  or  to  the  papilloma.  The  central 
parts  of  the  growth  undergo  ulceration  while  the  disease  is  extending  at 
the  periphery.  In  this  way  great  destruction  of  tissue  may  result,  and 
the  parts  present  great  deformity. 

Tumours  are  of  very  rare  occurrence  in  the  trachea. 

Foreign  bodies  and  parasites  are  very  uncommon  in  the  larynx, 
They  give  rise  to  violent  expulsive  efl"orts  by  coughing.  Various  articles 
may  pass  into  the  larynx,  especially  in  children,  such  as  buttons,  peas, 
pieces  of  food,  etc.  Bound  worms  have  been  known  to  lodge  there.  If 
a  foreign  body  lodges  in  one  of  the  pouches  of  the  larynx  it  will  excite 
inflammation. 

Literature.— Very  full  account  by  Epi'ingee,  iu  Klebs'  Handb.  d.  path.  Anat.. 
Part  vii.,  1880  (also  literature);  Ziemssen,  Haudbuch,  iv. ;  Morell  Mackenzie,  Dis. 
of  throat  and  nose,  i.,  1880 ;  Lennox  Beowne,  Throat  and  its  diseases,  1878.  Diph- 
theria—Roun,  On  Croup,  1765;  Bhetonneau,  Des  inflam.  du  tis.  muqueux,  1826 ; 
ViECHOw,  Virch.  Arch.,  i. ;  B.utTELs,  D.  Arch.  f.  klin.  Med.,  1867,  ii. ;  Einufleisch, 
Path.  hist.  (Syd.  Soc),  1872,  i. ;  Waoneu,  Arch.  d.  Heilk.,  vii.  and  viii. ;  Weigeht, 
Virch.  Arch.,  Ixx.,  Ixxii.,  Ixxix.  ;  Trousseau,  Clin.  med.  {Syd.  Soc),  1869,  vol.  ii. ; 
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Zahn,  Beitr.  zur  path.  Hist,  der  Diphth.,  1878  ;  Mackenzie,  Diphtheria,  1879;  Bak- 
ciuVY,  in  Hobne's  Syst.  of  Surg.,  1883;  Eussell,  (Sub-glottic  infl.)  Glasg.  Med.  Jour.^ 
iii.,  1871.  Sy2)hi/i»  and  tnherculosi'i — Bumstead,  in  Gerhardt's  Handb.  d.  Kinderkr.,. 
ill.;  L.\NG,  Vorles.  iib.  Syph.,  1885;  Tdeck,  Atlas  d.  Kehlkopfkr. ;  Semon,  (Congenl. 
syph.)  Path,  trans.,  xxxi.  41 ;  Bablow,  ibid.,  46 ;  Hunteb  Mackenzie,  Edin.  Med. 
Jour.,  1883,  i.;  Coats,  Gairdner  and  Coats,  Lect.  to  pract.,1888.  Tiimours — Moeell. 
Mackenzie,  Essay  on  growths  in  larynx,  1876,  alsoDis.  of  throat  and  nose;  Fautol,. 
Malad.  du  larynx,  1877 ;  Bruns,  Kehllcopfpolyiaen,  1873  and  1878. 

C. — The  Bronchial  Tubes. 

The  diseases  of  the  bronchi  stand  in  close  relation  on  the  one  hand  to  those  of  the- 
larynx  and  trachea,  and  on  the  other  to  those  of  the  lungs,  and  it  is  impossible  to 
draw  an  absolute  line  of  distinction  on  either  side.  The  affections  of  the  larger  and 
middle  bronchi  are  essentially  like  those  of  the  larynx  and  trachea,  and  this  is  con- 
sistent with  the  fact  that  in  structure  they  are  similar.  As  we  pass  down  the 
bronchial  tree,  however,  the  structure  changes  considerably.  The  cartilaginous 
plates  become  irregular  and  smaller,  and  finally  disappear ;  the  elastic  tissue  becomes- 
more  completely  incorporated  with  the  mucous  membrane,  so  as  to  form  a  single 
layer  which  becomes  thinner  as  the  tube  diminishes  in  caHbre ;  the  bronchial  glands 
altogether  disappear  in  the  finer  tubes.  The  bronchial  tube  thus  becomes  more 
simple  in  structure,  and  approximates  to  that  of  the  lung  alveoli.  So  it  happens 
that  in  their  diseases  the  finer  bronchi  are  more  allied  to  the  lungs,  and  are  often  in- 
volved with  them.  We  shall  afterwards  see  that  in  acute  catarrhal  inflammation 
of  the  lung  the  disease  often  begins  in  a  capillary  bronchitis,  and  is  sometimes 
described  under  that  name. 

I.  Inflammation  of  the  bronchi,  Bronchitis. — 1.  Bronchial  catarrh, 
Ordinary  bronchitis.^ — This  is  an  inflammation  affecting  the  larger  and 
middle-sized  tubes,  but  not  extending  to  any  considerable  degree  into 
the  finer  ones.  As  to  the  conditions  giving  rise  to  it,  much  that  has 
been  said  under  nasal  catarrh  is  again  applicable  here.  It  is  to  be  added, 
however,  that  in  many  persons  there  is  a  special  proclivity  to  recurrent 
attacks  of  bronchitis.  This  may  be  due  to  an  inherited  weakness,  but  is 
perhaps  more  frequently  occasioned  by  an  acute  bronchitis  which  has 
left  the  bronchi  considerably  altered  in  structure,  has  rendered  them,  in 
fact,  the  least  resistant  part  of  the  body.  In  such  persons  bronchitis 
may  be  set  up  by  cold,  by  disorder  of  the  stomach,  or  by  some  other 
trivial  cause.  Valvular  disease  of  the  heart  frequently  gives  rise  to 
lironchitis  by  causing  a  passive  hypersemia  of  the  mucous  membrane. 

In  the  slighter  forms  of  bronchitis  the  larger  bronchi  and  the  trachea 
are  mainly  affected.  In  fact,  it  frequently  happens  that  along  with  a 
slight  laryngitis  there  is  a  tracheitis  and  a  bronchitis  of  the  larger  stems, 
without  the  name  bronchitis  being  given.  In  the  more  definite  cases  of 
bronchial  catarrh  it  is  the  middle-sized  tubes  that  are  chiefly  involved. 
As  already  noted,  capillary  bronchitis  associates  itself  with  inflammation 
of  the  parenchyma  of  the  lung,  and  will  be  considered  in  that  section. 
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In  order  to  appreciate  the  changes  which  occur  in  bronchitis  it  is 
necessary  to  refer  to  some  points  in  the  structure  of  the  tubes.  The 
mucous  membrane  is  covered  with  epithelium  whose  superficial  layer  is 
■cylindrical  and  ciliated.  Beneath  the  epithelium  there  is  a  basement 
membrane  which  is  separate  from  the  proper  mucosa  under  it.  The 
mucosa  is  composed  of  connective  and  elastic  tissue  and  is  covered 
externally  by  a  muscular  layer,  chiefly  of  circular  fibres,  but  with,  some 
longitudinal  ones.  Outside  this  we  have  the  sub-mucosa  or  adventitia, 
which  is  continuous  with,  and  really  forms  a  part  of,  the  general  inter- 
stitial connective  tissue  of  the  lung.  In  this  loose  adventitia  the  cartil- 
ages are  embedded,  and  there  are  abundant  serous  and  lymphatic 
spaces,  which  are  in  communication  with  those  throughout  the  lung, 
the  perivascular  and  others.  ' 

According  to  the  careful  description  of  Hamilton,  acute  bronchitis  is 
accompanied  first  by  great  congestion,  chiefly  of  the  vessels  in  the  proper 
mucosa.  CEdema  of  the  basement  membrane  follows,  and  this  structure 
becomes  greatly  thickened.  The  superficial  layer  of  columnar  epi- 
thelium is  shed,  but  vigorous  germination  of  the  deeper  layers  occurs, 
abundant  embryonic  cells  being  produced.  At  the  same  time  there 
IS  great  infiltration  of  the  mucosa,  muscular  layer,  and  adventitia,  with 
round  cells  of  inflammation.  This  infiltration  may  be  very  great,  and  as 
the  adventitia  communicates  with  the  general  interstitial  tissue  of  the 
lungs,  there  may  be  a  wide  distribution  of  these  cells,  which  pass  on  by 
the  lymphatic  channels  to  the  lymphatic  glands. 

If  the  disease  becomes  chronic  the  inflammatory  infiltration  of  the 
layers  beneath  the  basement  membrane  continues,  and  there  is  the  usual 
newformation  of  connective  tissue  producing  an  induration  of  the  tissue. 
As  in  other  productive  inflammations  the  new-formed  tissue  often 
•causes  atrophy  of  the  proper  structures.  In  many  cases  the  muscular 
coat  IS  to  some  extent  atrophied,  although  sometimes  it  is  hypertrophied, 
The^  mucous  glands  are  often  considerably  destroyed,  and  even  the 
cartilages  may  be  partially  atrophied.  These  alterations  in  the  walls  of 
the  tubes  no  doubt  weaken  them,  and  as  they  occur  especially  in  long- 
continued  cases  of  bronchitis,  we  can  understand  how  in  such" cases  the 
bronchial  tubes  sometimes  undergo  dilatation.  Dilatation  of  bronchial 
tubes  is  not,  however,  a  very  prominent  feature  of  ordinary  bronchitis. 

^  The  Exudation  in  bronchitis  is  important  as  it  forms  the  Sputum,  and 
gives  its  characters  to  the  latter.  In  the  normal  condition  the  mucous 
glands  secrete  enough  mucus  to  keep  the  membrane  moist,  the  secretion 
consisting  of  a  glairy  fluid  containing  a  few  leucocytes  which  are  here 
called  mucous  corpuscles.  The  fluid  owes  its  glairy  or  sticky  character 
to  the  fact  that  it  contains  mucin,  a  chemical  substance  allied  to  albumen 
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and  secreted  by  the  mucous  glands.  This  normal  secretion  catches  and 
holds  the  minute  particles  forming  the  dust  which  we  inhale  with  the 
txir,  and  the  vibratile  cilia  of  the  epithelium,  acting  towards  the  outlets, 
carry  mucus  and  dust  outwards,  to  be  swallowed  or  expectorated.  In 
bronchitis  there  is  at  first  very  little  increase  of  the  secretion,  and  it  is 
chiefly  concentrated,  tough  and  scanty.  As  the  disease  progresses  it 
becomes  more  abundant  but  less  tough  and  less  transparent,  and  this  is 
brought  about  by  the  increase  of  the  inflammatory  exudation  consisting 
of  serous  fluid  and  inflammatory  cells.  The  degree  of  toughness  depends 
on  the  proportion  of  mucin,  and  the  degree  of  opacity  on  the  quantity 
of  cells. 

The  Sputum  coctum,  or  ripe  sputum,  met  with  at  the  acme  of  the 
disease,  is  yellowish  white  or  greenish  and  opaque.  The  sputum  as  seen 
in  a  vessel  appears  at  first  sight  like  pus,  but  it  is  much  more  tenacious. 
Under  the  microscope  it  also  resembles  pus,  the  field  being  crowded 
Avith  multitudes  of  leucocytes.  But  the  tenacity  of  the  fluid  is  often 
shown  by  the  manner  in  which  the  plastic  leucocytes  are  altered  in 
shape,  being  drawn  out  into  oval  or  more  elongated  forms  according  as 
the  tough  mucus  is  drawn  out.  On  adding  acetic  acid  the  usual 
development  of  nuclei  occurs  in  the  cells,  and  the  intermediate  fluid 
becomes  markedly  opaque  from  the  precipitation  of  the  mucin,  which 
can  be  seen  now  in  fine  granules.  With  acetic  acid  the  sputum  assumes 
to  the  naked  eye  a  whitish,  opaque,  and  almost  membranous  character. 

In  chronic  bronchitis  the  sputum  is  often  very  abundant,  and  is; 
usually  sero-mucous  with  comparatively  few  leucocytes,  and  hence 
transparent.  There  is  a  comparatively  rich  serous  exudation  with  very 
little  increase  in  the  secretion  of  mucus.  The  sputum  is  not  so  tough 
as  in  more  acute  cases,  and  is  often  very  frothy.  In  some  very  chronic 
cases  there  is  an  abundant  cellular  exudation — the  sputum  is  almost  like 
pus  and  has  not  the  toughness  of  the  sputum  coctum.  Large  quantities 
of  pus  may  thus  be  expectorated.  In  these  cases  it  may  be  supposed 
that  leucocytes  are  present  in  the  walls  and  outside  the  bronchi  as  well 
as  in  the  expectoration,  and  it  is  in  them  that  we  may  look  especially 
for  dilatation  of  the  tubes. 

2.  Fibrinous  bronchitis. — This  name,  as  well  as  that  of  Plastic  bronchitis  or 
Bronchial  croup,  is  given  to  a  condition  of  very  rare,  occurrence  and  of  rather  obscure 
pathology,  but  yet  of  great  interest.  We  have  seen  that  in  laryngeal  and  tracheal 
croup  the  fibrinous  exudation  sometimes  extends  down  into  the  bronchial  tubes,  and 
that  casts  of  these  are  formed  occasionally.  Taking  the  other  end  of  the  bronchial 
tree  we  find  that  in  acute  pneumonia  the  fibrinous  exudation  which  forms  in  the 
lung  alveoli  commonly  extends  some  distance  into  the  finer  bronchi,  and  so  we  find 
casts  in  them.  But  there  are  cases  in  which  fibrinous  casts  form  in  the  bronchial 
tubes  independently,  without  any  disease  of  the  trachea  on  the  one  hand  or  of  the 
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lung  proper  on  the  other.  These  cases  are  somewhat  chronic  in  character,  and  the 
expectoration  of  casts  occurs  at  intervals  during  months  or  even  years.  The  casts 
are  of  a  whitish  grey  colour  and  represent  the  bronchi  of,  it  may  be,  a  single  lobe, 
with  their  ramifications,  as  we  can  see  very  beautifully  by  floating  them  out  in 
water.  Sometimes  the  fine  ends  of  the  casts  are  swollen  out  as  if  they  had  come 
from  the  alveoli.  The  casts  sometimes  present  on  section  a  stratified  arrangement 
as  if  the  fibrine  had  been  deposited  in  layers.  They  show  under  the  microscope 
fibrine  with  leucocytes. 

The  exact  pathology  and  the  source  of  this  exudation  are  somewhat  obscure. 
In  some  cases  where  death  has  occurred  shortly  after  the  expectoration  of  the  casts,  or 
where  they  have  been  found  in  situ,  there  has  been  little  perceptible  alteration  of  the 
mucous  membrane.  This  has  led  some  to  suppose  that  the  fibrine  comes  from  the 
lung  alveoli,  and  in  many  cases  the  lung  tissue  is  considerably  altered ;  there 
may  be  phthisis,  or  pneumonia,  or  collapse.  But  it  is  not  apparent  to  what  extent 
these  may  be  secondary  to  the  bronchitis.  A  possible  indication  of  the  pathology 
may  be  afforded  by  the  fact  that  in  a  considerable  proportion  of  the  cases  there 
has  been  hremorrhage  from  the  lungs. 

II.  Stenosis  and  Dilatation  of  bronchi. — 1.  Narrowing*  or  Obstruction 
of  the  bronchi  occurs  under  a  considerable  variety  of  different  circum- 
stances. It  may  be  the  result  of  inflammation  in  the  bronchial  wall 
itself.  There  is  some  swelling  of  the  bronchial  mucous  membrane  in  all 
acute  inflammations,  and  in  the  case  of  the  finer  bronchi,  this  along  with 
the  inflammatory  exudation  will  cause  serious  obstruction.  Hence,  in 
capillary  bronchitis  (broncho-pneumonia)  respiration  is  often  seriously 
interfered  with. 

In  Asthma  there  is  an  obstruction  of  the  finer  bronchi  throughout  the 
lungs.  It  is  brought  on  by  nervous  agencies,  but  the  exact  process  in 
the  bronchi  themselves  is  not  quite  determined.  The  nervous  origin 
suggests  spasm  of  the  muscular  coat  of  the  bronchi,  and  the  suddenness 
of  onset  and  recovery  are  consistent  with  this.  On  the  other  hand,  the 
long  duration  of  the  paroxysms  in  some  cases  throws  doubt  on  the  view 
that  spasm  alone  is  the  cause.  An  acute  hypereemia,  due  to  A'^aso-motor 
paralysis  and  accompanied  by  oedema,  has  been  suggested  as  a  more  pro- 
bable explanation.  From  whatever  cause  there  is  sudden  stenosis  of  the 
finer  bronchi,  probably  spasmodic  at  least  to  begin  yvith.  Leyden  ob- 
served, in  the  sputum  of  cases  of  asthma,  crystals  similar  to  those  found 
in  the  blood  in  leuksBmia  (Charcot's  crystals,  see  under  Leukajmia). 
He  suij^joses  that  these  crystals  may  set  up  a  reflex  spasm  of  the 
bronchial  muscles,  but  this  view  has  not  been  accepted. 

Narrowing  of  the  bronchi  may  be  due  to  Pressure  or  Encroachment 
from  without.  Tumours  not  infrequently  extend  from  the  root  of  the 
lung  along  the  connective  tissue  around  the  bronchi,  and  growing  there 
they  may  compress  and  narrow  a  bronchus.  In  not  a  fe.w  cases  the 
tumour  infiltrates  the  bronchial  wall,  and  may  even  grow  through  it. 


BRONCHIECTASIS. 


623 


SO  as  to  present  itself  in  the  calibi-e  of  the  tube,  thus  narrowing  it  con- 
siderably. These  conditions  occur  chiefly  in  the  case  of  malignant 
lymphatic  tumours  of  the  mediastinum.  Tumours  by  their  mere  pres- 
sure, or  aneurysms  impinging  on  a  bronchus,  may  narrow  the  calibre. 

Foreign  bodies  in  the  bronchi  will  produce  obstruction,  and  a  large 
one  plugging  a  main  bronchus  may  lead  to  serious  respiratory  trouble. 
Foreign  bodies  in  the  bronchi,  however,  may  give  rise  to  affections  of  a 
different  kind  to  be  considered  in  next  page. 

2.  Dilatation  of  bronchi.  Bronchiectasis.— By  bronchiectasis  is  meant 
dilatation  of  bronchial  tubes,  a  condition  of  somewhat  frequent  occur- 
rence, but  depending  on  a  considerable  variety  of  circumstances.  The 
normal  bronchial  tube  offers  resistance  to  the  dilating  force  of  the  air, 
chiefly  by  virtue  of  its  elastic  or  dense  walls,  and  the  support  which  it 
receives  from  the  distended  pulmonary  tissue  around.  If  the  walls 
be  weakened,  or  the  support  of  the  pulmonary  parenchyma  withdrawn, 
or  if  the  distensilc  force  of  the  air  or  other  contents  be  considerably 
increased,  then  we  may  have  bronchiectasis.  It  will  be  seen  that  one  or 
other  of  these  predisposing  conditions  may  occur  under  very  various  cir- 
cumstances. A  prolonged  catarrh  may  cause  atrophy  of  the  elastic 
tissue  of  the  bronchial  wall,  and  so  reduce  the  resistance.  On  the  other 
hand,  obliteration  of  the  finer  bronchi  and  lung  alveoli  in  a  district  will 
cause  the  pressure  of  the  air  in  inspiration  to  act  especially  on  the 
bronchial  tubes,  the  dilatation  being  here  similar  in  its  origin  to  that  in 
complementary  emphysema.  Lastly,  we  may  have  the  bronchi  dilated 
from  accumulation  of  secretion. 

The  various  forms  of  bronchiectasis  may  be  divided  into  two,  namely, 
cylindrical  and  sacculated  dilatations.  The  Cylindrical  form  occurs 
mainly  where  the  causal  condition  has  been  more  or  less  of  a  general  one, 
such  as  a  prolonged  bronchitis.  The  bronchi,  especially  the  middle-sized 
ones,  are  unduly  wide,  and  their  walls  are  thinned.  The  dilatation 
may  be  quite  regular,  but  very  often  there  are  little  bulgings  or  pouches. 
In  the  Sacculated  form  there  has  usually  been  a  more  local  agent  at 
work.  The  most  typical  sacculated  dilatations  are  found  in  "fibroid 
phthisis,  under  which  heading  they  will  be  treated  of  more  fully.  They 
may  be  i)roduced  also  by  any  cause  which  induces  shrinking  of  the  lung 
tissue.  The  wall  of  the  bronchus  is  usually  thinned,  but  it  still  presents 
a  distinct  membrane  lining  the  sac.  When  cavities  in  the  lung  have  a 
distinct  lining  membrane,  they  are  generally  of  this  origin,  and  they  are 
especially  so  when  the  membrane  is  surrounded  by  lung  tissue  which 
approaches  to  the  normal  condition. 

As  the  secretion  stagnates  in  the  dilated  bronchi,  whether  cylindrical 
or  sacculated,  and  may  decompose,  there  may  be  great  irritation  and  an 
abundant  discharge  of  very  putrid  pus. 
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III.  Tumours  of  the  bronchi  and  Foreign  bodies. — Primary  tumours 
originating  in  the  bronchi  are  very  uncommon.  Cancer  not  infre- 
quently occurs,  originating  in  the  mucous  glands,  although  the  resulting 
tumour  has  rather  the  characters  of  cancer  of  the  lung.  (See  under 
Cancer  of  the  Lung.) 

The  bronchi  are  not  infrequently  affected  secondarily,  on  the  one 
hand,  by  tumours  seated  at  the  root  of  the  lung,  and,  on  the  other,  by 
those  in  the  lung  parenchyma.  The  bronchi  also  take  part  very 
markedly  in  tuberculosis  of  the  lungs. 

Foreign  bodies  in  the  bronchi  give  rise  to  lesions  which  often  affect 
the  lung  as  a  whole  and  may  lead  to  appearances  and  symptoms  very 
like  those  of  phthisis  pulmonalis.  When  a  foreign  body  of  some  size 
passes  down  the  trachea  and  lodges  in  one  of  the  larger  bronchi,  it  be- 
comes a  centre  of  irritation.  It  irritates  the  bronchial  wall,  making  for 
itself  a  cavity  whose  internal  wall  is  ulcerated  and  discharges  pus.  The 
discharge  stagnates  in  the  cavity  and  decomposes,  and  as  it  is  in  direct 
communication  with  the  bronchial  tree,  it  is  liable  to  be  insufflated  inta 
the  finer  bronchi  and  even  into  the  lung  alveoli.  The  whole  bronchial 
mucous  membrane  is  converted  into  an  inflamed  and  discharging  surface, 
and  the  discharge  is  of  a  highly  putrid  character.  Thus  arise  some 
cases  of  so-called  Fostid  bronchitis.  The  inflammation  of  the  bronchial 
wall  renders  it  less  resistant  and  bronchiectasis  will  often  result,  the 
putrid  fluid  stagnating  in  the  dilated  bronchi.  There  are  thus  cavities 
formed  which  may  ulcerate  and  imitate  those  of  phthisis.  In  the  lung 
tissue  itself  there  may  be  developed  an  acute  or  a  chronic  inflammation, 
the  former  having  the  characters  of  an  acute  phthisis  and  the  latter 
more  those  of  a  chronic  fibroid  phthisis.  The  difference  in  the  result 
will  depend  to  some  extent  on  the  character  of  the  foreign  body.  If  it 
be  a  decomposable  substance,  such  as  a  piece  of  meat  or  of  bone  with 
meat  attached,  it  is  more  liable  to  lead  to  acute  symptoms,  while  if  the 
body  is  in  itself  inert  the  results  may  be  more  chronic. 

These  remarks  are  chiefly  based  on  cases  observed  bj^  the  author,  who  is  im- 
pressed by  the  frequency  of  serious  disease  of  the  lungs,  resembhng  phthisis  in  many 
cases,  brought  about  by  foreign  bodies  in  the  bronchial  tubes.  A  fuller  account  of 
two  such  cases  is  given  by  the  author  in  his  Lectures  on  Phthisis. 

Literature.— BiEEMEn,  Kranldi.  d.  Bronchien  u.  d.  Lungenparench.,  Virch.  Handb., 
v.,  1854 ;  and  on  Bronchial  asthma,  in  German  Clin.  Lect.  (Syd.  Soc),  1876 ; 
Gaiedner,  On  bronchitis,  1850 ;  Gbeenhow,  On  bronchitis,  2nd  ed.,  1878 ;  Peacock, 
(Fibrinous  bronchitis)  Path,  trans.,  v.  41, 1853;  Salter,  ibid.,  xi.  36,  1860;  Eieoel. 
Ziemssen's  Handb.,  iv. ;  Socoleff,  Virch.  Arch.,  Ixix.,  1877 ;  ILvmilton,  Path,  of 
bronchitis,  etc.,  1883;  Caeswell,  (Bronchiectasis)  Illustrations,  1833-38;  Jcroensen, 
in  Ziemssen's  Handb.  v.;  Leyden,  (Charcot's  crystals  in  asthma)  Virch.  Aixh.,  hv.. 
1872 ;  Opitz,  Fremde  Korper  in  Luftwegen,  1858 ;  Coats,  in  Gairduer  and  Coats, 
Lect.  to  pract.,  1888. 
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SECTION  IV.— Continued. 
D.— THE  LUNGS. 

D.  — Of  the  Lungs.     Introduction,  as  to  structure.    I.  Malfoemations.  II. 

Atelectasis  and  Collapse.  III.  Hypertrophy.  IV.  Pulmonary  Emphy- 
sema, 1 .  Interlobular ;  2.  Vesicular ;  causation,  either  substantial  or  comple- 
mentary ;  anatomical  changes,  involving  atrophy  ;  effects  of  emphysema.  V. 
Disorders  of  Circulation.  1.  Active  hy2}eraimia  ;  2.  Passive  hypercemia, 
chiefly  from  cardiac  lesions  and  hypostatic  ;  leads  to  ctdema.  3.  Embolism ;  4. 
Hcemorrhage  ;  the  Infarction,  etc.  VI.  Inflammations.  General  observations.  1. 
Acute  lobar  pneumonia  ;  causation;  epidemic  prevalence.  Stages  of  engorgement. 
Red  and  Grey  Hepatization,  and  Resolution;  occasional  Purident  infiltration,  etc. 
Condition  of  pleura.  2.  Acute  broncho-pneumonia  or  capillary  bronchitis.  3. 
Diphtheritic  pneumonia,  4.  Embolic  pneumonia,  .5.  Chronic  pneumonia,  char- 
acterized by  induration.  VII.  Gangrene.  VIII.  Phthisis  pulmonalis.  1. 
Definition  and  historical  resumi,  2.  Caiisation,  3.  Anatomical  changes  in  (a) 
Caseous  form,  and  (b)  Fibroid  form.  4.  Extension  of  the  tuberculosis,  5.  Healing 
process.  6.  Hcemorrhage,  (a)  early  and  (b)  late.  7.  Condition  of  pleura — pleurisy 
and  pneumothorax.    8.  General  effects.    IX.  Diseases  from  inhalation  of 

DUST.    X.  GrENERAL  TUBERCULOSIS,  SyPHILIS,  CtC.    X.  TuMOUES  and  PARASITES. 

E.  Or  THE  Pleura.    1.  Affections  of  the  circulation,  2.  Acute  pleurisy,  'A.  Chronic 

pleurisy.  Pleural  adhesions,  4.  Tuhercxdosis,  5.  Pyieumothorax,  6.  Tumours. 

TNTRODUCTION.— In  examining  the  lungs  after  death  we  seldom 
meet  with  them  in  a  perfectly  normal  condition.  They  may  be 
abnormally  adherent  to  the  wall  of  the  thorax,  or  unduly  pigmented,  or 
there  may  be  cicatrices  in  them,  or  oedema,  and  so  on.  The  explana- 
tion of  this  is  perhaps  that  the  lungs  are  peculiarly  exposed  to  dele- 
terious influences  in  two  directions.  The  air  passing  into  them  is  apt 
to  carry  irritating  materials  with  it,  and  the  blood  circulating  so  richly 
throuo;h  their  tissue  is  liable  to  variations  in  its  constitution  and  decree 
of  pressure.  We  have  already  seen,  for  instance,  that  organic  disease 
of  the  heart  has  serious  eff"ects  on  the  pulmonary  circulation,  but  apart 
from  that,  simple  weakness  of  the  heart  may,  as  we  shall  afterwards  see, 
have  important  effects  on  the  lung.  It  must  not  be  forgotten  also  that 
there  is  no  organ  of  the  l)ody  whose  tissue  is  so  intimately  related  to  its 
blood-vessels  as  the  lungs.    These  organs  arc  little  more  than  a  congeries 

of  blood-vessels  with  a  sufficient  supporting  stroma.    Any  deleterious 
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substance  circulating  in  the  blood,  therefore,  is  very  jjrone  to  affect  the 
lungs,  especially  if  there  be  any  sjDecial  weakness  in  this  direction.  We 
have  abundant  illustration  of  this  in  the  frequency  of  lung  complications 
in  the  acute  fevers. 

There  are  one  or  two  points  in  the  anatomical  relations  of  the  lungs 
which  should  be  kept  in  mind.  They  are  supplied  Avith  two  different  sets  of 
blood-vessels,  those  of  the  Pulmonary  artery  on  the  one  hand,  and  of  the 
Bronchial  artery  on  the  other.  We  should  remember  the  distribution  of 
these,  and  not  confuse  effects  due  to  obstruction  of  the  one  Avith  those 
due  to  obstruction  of  the  other.  Then  we  speak  of  diseases  affecting  the 
Respiratory  surface  on  the  one  hand,  and  the  Supporting  structures  on 
the  other ;  that  is  to  say,  there  are  some  diseases  which  affect  the  surfaces 
of  the  finer  bronchi  and  of  the  alveoli,  while  others  involve  the  walls  of 
the  alveoli  and  of  the  bronchi  and  their  supporting  connective  tissue. 
It '  is  true  that  these  two  are  generally  involved  together,  but  in 
different  cases  the  one  or  the  other  is  primarily  concerned,  and  usually 
retains  the  lead.  It  is  obvious  that  to  a  certain  extent  the  determin- 
ing cause  of  the  disease  will  have  something  to  do  with  this.  An  agent 
which  acts  by  being  carried  into  the  lungs  with  the  air  will  mostly 
affect  the  surface  of  the  alveoli  and  bronchi  in  the  first  place,  whereas 
an  agent  arriving  by  the  blood  will  be  more  apt  to  attack  the  walls. 
We  shall  see,  however,  that  to  this  there  are  important  exceptions, 
because,  on  the  one  hand,  the  capillary  vessels  have  such  close  relations 
with  the  surface  of  the  alveoli,  and,  on  the  other  hand,  substances  arriving 
from  without  very  readily  penetrate  into  the  substance  of  the  lung.  A 
more  important  consideration  arising  from  the  anatomical  relations  has 
reference  to  the  distribution  of  a  lesion  in  larger  or  smaller  districts  of 
the  lung.  When  a  disease  is  caused  by  something  arriving  by  the 
blood  then  we  would  expect  it  to  be  distributed  over  a  large  extent  of 
lung  tissue  or  over  the  whole ;  the  disease  will  occupy  whole  Lobes. 
If  it  arrives  by  the  bronchial  tubes,  we  would  expect  it  to  extend  to 
the  proper  lung  tissue  more  irregularly,  here  and  there  an  extension 
corresponding  with  a  particular  minute  bronchus ;  the  disease  at  first 
involves  Lobules.  In  this  way  we  may  distinguish  roughly  diseases 
which  are  lobar  as  due  to  alterations  in  the  blood,  and  those  that  are 
lobular  as  related  to  the  bronchial  stems. 

The  Lymphatics  of  the  lung  are  important  as  they  often  convey 
different  kinds  of  solid  particles  and  are  the  means  of  dissemination  of 
these.  The  lymphatics  are  present  wherever  connective  tissue  exists. 
They  exist  in  the  walls  of  the  alveoli  and  in  the  interlobular  tissue,  in 
the  subpleural  tissue,  and  in  the  connective  tissue  around  the  bronchi 
and  vessels,  where  they  form  the  peribronchial  and  perivascular  lym- 
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jjhatics.  The  internal  surface  of  the  alveoli  is  closely  related  to  the 
lymphatics,  so  that  solid  particles  readily  pass  from  the  alveoli  into  the 
lymphatics  and  may  be  carried  thence  throughout  the  lymphatic 
system  of  the  lung,  and  on  to  the  bronchial  lymphatic  glands.  (See 
under  Inhalation  of  Foreign  Substances). 

I.— MALFORMATIONS  OF  THE  LUNG. 

These  are  not  frequent,  and  are  of  minor  importance.  Apart  from 
absence  or  exceeding  smallness  of  one  or  both  lungs,  which  occurs  as 
part  of  general  malformations,  there  are  cases  where  single  lobes  have 
been  wanting,  and  their  place  taken  by  cicatricial  tissue.  These  have 
probably  their  origin  in  obliteration  of  a  bronchus  in  early  foetal  life. 
Congenital  non-inflation  of  the  lung  parenchyma  may  be  associated  with 
a  complementary  dilatation  of  the  bronchial  tubes  and  with  a  com- 
pensatory hypertrophy  of  the  inflated  lung.  (See  under  Hjrpertrophy 
of  the  Lung.)  Again,  the  lungs  may  be  normal  in  form,  but  very  small 
in  size.  In  such  cases  the  whole  body,  and  especially  the  circulatory 
system,  will  remain  ill-developed. 

It  is  not  uncommon  to  meet  with  abnormal  lobulation  of  the  lungs, 
the  regular  lobes  being  divided  by  the  foi'mation  of  deep  fissures. 
Rokitansky  has  described  a  case  in  which  an  accessory  lobe  existed 
between  the  base  of  the  left  lung  and  the  diaphragm,  and  quite  separate 
from  the  lung.    It  had  no  bronchus,  however. 

II.— ATELECTASIS  AND  COLLAPSE  OF  THE  LUNG. 

These  names  designate  conditions  in  which  the  lung  alveoli  and  finer 
bronchi  contain  no  air,  but  are  in  a  condition  similar  to  that  of  the 
foetal  lung  before  inflation,  the  internal  surfaces  of  the  alveoli  being 
applied  to  each  other.  It  may  be  a  survival  of  the  foetal  state,  or  it 
may  be  subsequently  produced  by  the  alveoli  being,  in  some  way, 
emptied  of  their  air. 

Atelectasis. — In  its  strict  sense  this  term  is  applied  to  an  imperfect 
expansion  of  the  lung  at  birth.  It  is  frequently  found  in  new-born 
children,  being,  indeed,  a  survival  of  the  foetal  state.  The  lungs  have  to 
a  greater  or  less  extent  remained  uninflated.  The  non-inflation  may  be 
due  to  some  obstruction  in  the  bronchi,  by  meconium  or  mucus,  but  in 
most  cases  it  is  merely  due  to  the  weakness  of  the  inspiratory  efforts. 
The  new-born  child  usually  cries  lustily,  and  in  the  deep  inspiratory 
gasps  between  the  cries  the  lungs  are  fully  inflated.  But  if  the  child 
be  weak  or  has  not  cried  freely,  certain  jiarts  of  the  lungs  are  apt  to 
remain  devoid  of  air.    The  atelectasis  of  the  new-born  is  most  fre- 
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quent  in  the  lower  lobe,  and  in  the  posterior  parts  of  this  lobe.  It  may 
be  only  in  small  areas  in  the  midst  of  the  inflated  lung  tissue,  or  the 
greater  part  of  a  lobe,  or  the  whole  lobe  may  be  affected.  In  any  case 
the  non-inflated  part  usually  shows  by  its  shape  that  it  is  the  district 
supplied  by  one  or  more  bronchi. 

The  atelectasis  shows  itself  by  the  smaller  volume  of  the  part.  If  it 
is  in  the  midst  of  inflated  lung  it  is  depressed  below  the  surface.  Like 
the  foetal  lung,  it  is  redder  than  the  normal,  firmer  to  the  touch,  and 
non-crepitant  when  handled.  It  is  important  to  distinguish  this  condi- 
tion from  condensation  of  the  lung,  for  which  it  is  liable  to  be  mistaken. 
In  both  the  lung  is  devoid  of  air,  but  in  the  case  of  condensation  it  is  so 
because  the  air  spaces  are  filled  up  with  solid  material,  usually  inflam- 
matory exudation.  The  atelectatic  portion  is  capable  of  inflation  by 
blowing  air  into  the  lung  by  the  bronchi,  at  least  it  is  so  at  the  outset, 
while  the  condensed  part  is  not  inflatable. 

There  is  no  doubt  that  a  lung  which  Avas  partly  atelectatic  immedi- 
ately after  birth  may  subsequently  become  perfectly  inflated.  On  the 
other  hand,  there  is  reason  to  believe  that,  if  the  atelectasis  persist  long, 
the  lung  becomes  incapable  of  inflation.  If  the  child  survive,  the 
applied  Avails  of  the  lung  alveoli  adhere  and  an  actual  obliteration  of 
the  latter  occurs.  The  part  gradually  atrophies,  and  it  has  been  sup- 
posed that  cicatrices  sometimes  seen  in  the  adult  lung  and  AAdthout  any 
obvious  cause  may  have  this  origin. 

Bronchiectasis  occurs  in  consequence  of  the  atelectasis,  the  bronchi 
dilating  to  fill  up  the  space  left  by  the  non-inflation,  so  that  the  bronchi- 
ectasis is  complementary.  In  a  case  observed  by  the  author,  and  re- 
ferred to  further  on  under  Hypertrophy  of  the  Lung,  the  greater  part 
of  one  lung  had  failed  to  inflate,  and  the  bronchial  tubes  were  dilated 
into  considerable  sacs. 

The  question  arises  here  whether,  after  inflation  of  the  lung,  portions  or  the  whole 
may  again  collapse.  We  shall  see  immediately  that  collapse  occurs  in  the  adult, 
and  there  is  no  reason  to  suppose  that  it  does  not  occur  in  the  new-born  infant. 
There  are  undoubted  cases  of  children  Avho  have  lived  over  twenty-four  hours  and 
have  cried,  in  whose  bodies  the  lungs  have  been  fomrd  with  only  an  island  here  and 
there  of  inflated  lung. 

Collapse  of  the  lung  or  Apneumatosis.— This  is  an  emptying  of  the 
lung  of  air  at  any  time  after  its  expansion.  In  some  cases  it  is  due  to 
direct  Compression  of  the  lung ;  the  air  is  simply  squeezed  out  of  it. 
Usually  this  arises  from  the  presence  of  fluid  or  air  in  the  pleural  cavity. 
In  that  case  the  air  vesicles  may  be  only  partly  emptied  and  readily 
recover.  But  if  the  exudation  is  great  and  remains  long,  then  the  lung 
may  be  pressed  upAvards  and  backwards  and  come  to  form  merely  a  red 
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fleshy  layer  flattened  against  the  chest  wall.  This  condition  is  often 
called  Carnification,  and  in  it  the  tissue  appears  darkly  pigmented,  the 
absence  of  blood  and  the  packing  together  of  the  lung  tissue  exaggerat- 
ing the  existing  carbonaceous  pigmentation.  The  cause  mentioned 
above  is  by  far  the  most  frequent  in  producing  collapse  by  pressure,  but 
there  are  others.  Curvature  of  the  spine, sometimes  causes  such  a  nar- 
rowing of  a  part  of  the  chest  that  the  lung  is  squeezed  or  collapsed. 
Aneurysms  or  tumours  may  also  compress  the  lung,  but  they  more  fre- 
quently cause  collapse  by  obstructing  the  bronchi.  Even  distension  of 
the  abdomen,  by  pressing  the  diaphragm  upwards  and  limiting  the 
chest  space,  may  cause  a  partial  collapse.  A  great  distension  of  the 
pericardium  may  have  a  similar  effect. 

A  very  important  cause  of  collapse  is  Obstruction  of  bronchi.  To  a 
limited  extent  collapse  is  exceedingly  frequent  in  bronchitis,  much  more 
frequent  than  is  usually  supposed.  The  collapse  very  often  appears  in 
the  form  of  small  wedge-shaped  depressions  at  the  edges  of  the  lungs, 
and  may  be  almost  concealed  by  neighbouring  emphysematous  lung. 
But  sometimes,  especially  in  children,  the  collapse  may  be  much  more 
extensive. 

One  mode  in  which  this  collapse  occurs  has  been  described  by  Gairdnex.  If  a  pellet 
of  mucus  obstructs  a  bronchus  it  may  act  to  a  certain  extent  like  a  ball  valve ;  it  is 
pushed  out  into  the  larger  tube  during  expiration,  and  being  drawn  back  against  the 
bifurcation  in  inspiration  stops  the  tube.  In  this  way  the  escape  of  air  dirring  ex- 
piration is  allowed,  but  the  entrance  of  air  during  inspiration  prevented.  The 
respiratory  movements  will  thus  act,  to  a  certain  extent,  like  an  air  pump,  and  the 
portion  of  lung  tissue  concerned  will  be  gradually  emptied  of  air. 

Another  way  in  which  collapse  probably  occurs  when  a  bronchus  is  obstructed  has 
been  demonstrated  by  Lichtheim.  It  is  to  be  remembered  that  the  lung  tissue  is 
elastic,  and  that  left  to  themselves  the  alveoli  collapse  and  their  walls  apply  them- 
selves together.  If  a  bronchus  be  obstructed,  therefore,  and  communication  with 
the  external  air  withdrawn,  the  absorption  of  oxygen  will  soon  reduce  the  bulk  of 
the  contained  air,  and  cause  a  reduction  of  its  elastic  pressure.  The  elasticity  of  the 
lung  tissue,  again,  will  cause  pressure  to  be  exercised  on  the  air,  and  absoi-ption 
of  its  gases  will  be  thus  promoted.  It  has  been  proved  that  such  absorption  actually 
occurs  somewhat  rapidly,  first  of  the  oxygen,  then  of  the  carbonic  acid,  the  nitrogen 
being  slowest  of  absorption.    The  lung  of  course  collapses  as  the  air  is  absorbed. 

It  has  just  been  stated  that  collapse  from  bronchial  obstruction  is  most  common 
in  the  bronchitis  of  children,  but  it  is  necessary  to  observe  that  in  children,  in  whom 
the  form  called  capillary  bronchitis  is  common,  it  is  often  accompanied  by  a  condi- 
tion which  is  apt  to  be  mistaken  for  collapse,  namely,  lobular  condensation.  The 
catarrhal  process  in  the  bronchi  readily  passes  in  children  to  the  lung  alveoli,  and 
the  catarrhal  products  fill  these  up,  causing  condensation  of  a  portion  of  the  tissue 
which  has  a  wedge-shaped  configuration  similar  to  that  of  the  collapsed  portion. 
Of  course,  these  two  conditions  may  co-exist  in  the  same  lung,  or  we  may  even  have 
a  combination  of  them,  the  collapsed  lung  becoming  the  seat  of  catarrh,  and  so 
passing  into  the  condition  of  condensation. 
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LoncL,  1884;  Gaihdner,  On  bronchitis,  1850;  Lichtheim,  Arch.  f.  exper.  Path., 
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III.— HYPEETEOPHY  OF  THE  LUNG. 

This  occurs  as  a  Compensatory  process  perhaps  more  frequently  than 
is  usually  supposed.  There  is  evidence  to  show  that  in  persons  who  go 
to  reside  in  high  altitudes,  the  chest  increases  in  size,  the  greater  re- 
quirements of  the  attenuated  air  apparently  inducing  increased  respira- 
tory movement  and  by  degrees  a  permanent  enlargement  of  the  lung. 
It  is  also  probable  that  in  cases  of  phthisis  which  recover  with  loss  of  a 
certain  portion  of  lung  substance,  the  loss  may  be  partly  made  good  by 
a  true  hypertrophy  of  the  lung,  although  there  is  also  observed  in  such 
cases  an  emphysema  by  which  the  space  is  filled  up  -without  a  proper 
hypertrophy.  Hypertrophy  in  cases  of  phthisis  will  be  j)romoted  by 
residence  at  a  high  altitude. 

An  unequivocal  compensatory  hypertrophy  of  the  lung  occurs  in  con- 
sequence of  atelectasis.  There  may  be  in  this  case  a  great  enlargement 
of  the  expanded  lung  so  as  partly  to  fill  the  place  of  the  non-exjDanded 
part.  In  such  cases  there  is  not  probably  any  numerical  increase  of  lung 
alveoli,  but  these  are  enlarged,  their  walls  ex^mnded,  and  the  capillaries 
elongated  or  multiplied. 

A  ease  occurred  to  the  author  which  distinctly  manifested  the  characters  men- 
tioned above.  The  left  lung  was  of  very  small  dimensions,  especially  the  upper  lobe, 
which  appeared  merely  as  a  membranous  structure  in  which  dilated  bronchi  could 
be  felt.  There  was  no  pigment  in  this  lobe,  and  not  a  trace  of  lung  parenchyma. 
The  lower  lobe  contained  the  ordinary  carbonaceous  pigment  in  limited  amount,  and 
was  greatly  reduced  in  size. 

The  right  lung  was  of  very  unusual  volume,  extending  across  the  middle  line,  so 
that  its  edge  reached  beyond  the  left  nipple.  The  enlargement  seemed  to  be  due  to 
an  addition  of  lung  tissue  which  threw  forward  the  anterior  parts.  The  supra-clavi- 
cular part  of  the  lung  was  normal  and  its  anterior  border  indicated  the  position  of 
the  normal  anterior  margin.  Below  and  beyond  this,  however,  the  lung  extended 
into  the  other  half  of  the  chest.  This  part  of  the  lung  had  not  the  appearances  of 
emphysema,  but  was  bulky  and  consisted  of  sound  vascular  tissue.  The  right  ven- 
tricle of  the  heart  was  greatly  enlarged,  and  the  pulmonary  artery  showed  a  remarkable 
thickening  of  its  wall,  there  being  scarcely  any  difference  between  it  and  the  aorta. 

The  absence  of  pulmonary  tissue  in  the  upper  lobe  of  the  left  lung  indicated  that 
the  collapse  had  been  of  long  standir  .  nd  the  entire  absence  of  pigment  showed 
that  if  not  congenital  it  had  occurred  in  very  early  life.  The  enlargement  of  the 
right  lung  was  thus  compensatory,  dating  from  a  period  when  the  organ  was  in  a 
state  of  growth.  The  comjiensation  seems  to  have  been  somewhat  effective,  as  the 
person  lived  to  the  age  of  46,  and  it  was  only  during  the  later  months  of  his  life  that 
he  suffered  from  serious  dyspnoea,  followed  by  signs  of  venous  engorgement.  The 
remarkable  thickening  of  the  pulmonary  artery  without  any  appearance  of  atheroma, 
also  seems  to  point  to  a  compensatory  hypertrophy  of  the  right  ventricle  during  the 
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period  of  gl•o^vtll,  the  vessel  in  its  growth  accommodating  itself  to  the  increased 
blood-pressure.  It  may  be  added  that  the  left  pulmonary  artery  had  only  about  a 
third  of  the  calibre  of  the  right,  but  the  main  bronchus  was  of  equal  size  on  the  two 
sides.    A  somewhat  similar  ease  is  described  by  Eecldinghausen. 

Literature. — Coats,  Lect.  to  pract.,  1888 ;  Schuchaedt  und  Eecklinghatjsen, 
Virch.  Arch.,  ci.,  1885,  p.  71. 

IV.— PULMONARY  EMPHYSEMA. 

This  name  includes  two  distinct  lesions,  in  one  of  which  air  escapes 
into  the  connective  tissue  of  the  lung  and  distends  the  connective  tissue 
spaces,  while  in  the  other  the  alveoli  are  over-distended  and  various 
other  changes  result,  but  the  air  does  not  escape  from  its  natural 
chambers.  It  will  be  seen  that  the  first  form  is  comparable  with  surgical 
or  cutaneous  emphysema,  while  the  second  is  essentially  different. 

1.  Interlobular  or  Interstitial  emphysema. ^ — This  form,  which  is  very 
rare,  occurs  when  the  air  vesicles  are  ruptured  and  the  air  escajies  into 
the  interstitial  tissue.  The  air  vesicles  may  be  actually  torn  open  by 
a  broken  rib  coming  against  the  lung,  or  by  the  lung  being  directly 
wounded.  On  the  other  hand,  the  air  vesicles  may  rupture  from  acute 
over-distension.  Thus  it  may  be  the  result  of  very  violent  expiratory 
efforts,  generally  with,  but  sometimes  -without,  obstruction  of  the  air 
passages.  It  has  been  met  with  in  hooping-cough,  in  diphtheria,  and  in 
violent  coughing  from  the  inhalation  of  irritating  material.  The  violent 
efforts  with  closed  glottis  cause  such  compression  of  the  air  in  the  alveoli 
that  at  some  place  the  vesicles  rupture. 

As  the  jjarts  are  seen  after  death  the  air  appears  in  the  form  of  minute 
rows  of  bead-like  bubbles,  visible  through  the  pleura.  These  rows  of 
beads  demarcate  the  lobules.  Occasionally  there  are  larger  bullse,  which 
have  been  known  to  rupture  externally,  and  so  lead  to  pneumothorax.. 

The  air  sometimes  travels  along  the  connective  tissue  for  some  distance,  just  as 
in  the  case  of  Subcutaneous  or  Surgical  emphysema.  It  may  pass  to  the  root 
of  the  lung,  and  from  there  up  along  the  trachea  and  out  to  the  subcutaneous  tissue 
of  the  neck,  and  so  lead  to  a  surgical  emphysema.  This  has  in  some  cases  induced 
a  mistake  in  diagnosis,  as  Virchow  has  pointed  out.  Interlobular  emphysema  some- 
times occurs  in  diphtheria,  and  may  lead  to  subcutaneous  emphysema  in  the  way 
just  mentioned.  But  if  tracheotomy  has  been  performed,  it  may  be  thought  that  the 
emphysema  has  taken  origin  in  the  wound* 

2.  Vesicular  emphysema. — In  this  condition  the  air  vesicles  are 
over-distended,  and,  by  partial  atrophy  of  their  walls,  to  some  extent 
coalesced,  but  without  any  actual  tearing  of  them. 

Causation  of  emphysema. — There  have  been  differences  of  opinion  as 
to  the  exact  manner  in  which  the  over-distension  is  brought  about.  On 
the  one  hand,  Gairdner  asserted  that  it  was  produced  during  inspiration, 
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while  Jenner  held  that  it  was  due  to  the  expiratory  force.  Probably 
each  of  these  has  its  influence,  and  the  cases  may  be  divided  according 
as  they  are  due  to  repeated  and  severe  expiratory  efforts  as  in  coughing 
(Substantial  emphysema),  or  to  inspiratory  distension,  acting  especially  on 
one  part  in  consequence  of  another  part  being  uninflated  {Complementary 
or  Vicarious  emphysema).  In  the  former  case  we  have  a  more  generalized 
and  in  the  latter  a  more  localized  emphysema. 

Substantial  or  Substantive  emphysema  is  due  to  over-distension 
during  expiration.  When  the  glottis  is  closed,  and  Expiration 
violently  performed,  then  the  air  in  the  vesicles  will  be  at  an  increased 
pressure.  The  expiratory  effort  is  produced  by  the  muscles  causing  the 
moveable  walls  of  the  chest  to  be  pressed  against  the  lung.  The  con- 
traction of  the  abdominal  muscles  presses  the  diaphragm  upwards, 
while  the  ribs  are  depressed.  The  lung  is  thus  compressed,  but  at  the 
same  time  it  is  supported  by  the  structures  which  compress  it,  and  the 
same  force  that  increases  the  pressure  helps  the  lung  tissue  to  resist  it 
by  increasing  the  support.  When  the  glottis  is  closed  the  whole  lung 
may  be  regarded  as  one  cavity,  and  the  pressure  will  be  universally 
diffused.  It  may  be  expected,  therefore,  that  if  any  part  of  the  lung 
be  insufficiently  supported  the  distensile  force  will  tell  especially  there. 
The  question  therefore  arises.  Are  there  any  parts  where  the  lung  is 
not  fully  supported  by  the  chest  walls  ?  If  a  deep  breath  be  taken,  the 
glottis  closed,  and  the  act  of  expiration  vigorously  performed  for  a  few 
seconds,  we  find  in  our  own  feelings  indications  that  the  lungs  are  over- 
distended,  mainly  at  the  anterior  parts  and  the  parts  above  the 
clavicles.  We  can  easily  understand  how  this  should  be.  The 
anterior  part  of  the  chest,  by  reason  of  the  flexibility  of  the  costal  car- 
tilages, is  more  moveable  than  the  rest  of  it,  and  the  anterior  edges  of 
the  lungs,  as  we  can  see  in  an  animal  whose  chest  is  laid  open  Avhile 
artificial  respiration  is  carried  on,  have  very  free  play.  Then,  above  the 
clavicle  the  lung  is  obviously  less  supported  than  where  the  chest  has 
bony  walls.  We  shall  see  afterwards  that  these,  with  one  or  two  other 
parts,  are  those  in  which  emphysema,  when  due  to  frequent  expiratory 
efforts,  occurs  most  typically. 

It  will  be  obvious  that  if  the  lung  tissue  has  lost  in  elasticity  permanent 
dilatation  of  the  air  vesicles  will  occur  more  easily,  and  will  readily  extend  to  parts 
more  fully  supported  than  those  mentioned.  In  the  form  to  be  afterwards  referred 
to  under  the  name  of  Senile  Emphysema  there  is  a  loss  of  elasticity  from  the  atrophy 
of  old  age.  But  there  seems  to  be  in  some  cases  a  general  loss  of  elasticity,  and  it 
appears  as  if  such  a  condition  were  hereditary  to  some  extent.  It  is  true  that  fre- 
quent over-distensiOn  will  cause  atrophy  of  the  elastic  tissue  of  itself,  but  it  is  quite 
apparent  that  in  many  individuals  there  is,  to  begin  with,  less  elastic  tissue,  or  it  is 
less  resistant,  and  so  we  have  a  predisposition  to  emphysema,  sometimes  inherited. 
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A  similar  loss  of  elasticity  may  be  induced  by  disease,  as  in  a  case  by  Hertz  in  which 
a  cornet  player  developed  a  marked  emphysema  after  an  attack  of  pneumonia. 

Emphysema  is  liable  to  occur  when  frequent  and  violent  expiratory- 
efforts  are  made  with  closed  glottis.  Coughing  implies  such  efforts,  and 
it  is  chiefly  in  diseases  where  coughing  is  a  prominent  feature  that  we 
iire  to  look  for  emphysema  from  this  cause.  It  is  met  with  pre- 
eminently in  bronchitis.  It  also  occurs  in  hooping-cough,  occasionally 
in  croup,  and  even  in  the  ^dolent  expiratory  efforts  of  parturition.  As 
chronic  bronchitis  is  specially  a  disease  of  more  advanced  life,  we  may 
expect  that  a  preliminary  atrophy  of  the  lung  tissue,  implying  a  loss  of 
elastic  tissue,  plays  an  important  part  in  the  production  of  emphysema 
in  a  laro;e  number  of  cases. 

Complementary  or  Vicarious  emphysema  arises  in  consequence  of 
over-distension  during  inspiration.  If  a  part  of  the  lung  does  not 
distend  fully  in  inspiration,  there  must  either  be  a  falling  in  of 
the  chest  to  a  corresponding  extent,  or  else  an  over-distension  of 
another  part  of  the  lung  in  order  to  fill  up  the  space.  To  what  extent 
■one  or  other  or  both  of  these  will  occur  is  determined  by  circum- 
stances, chiefly  by  the  situation  of  the  insufficiently  distended  part  and 
the  time  occupied  in  the  occurrence  of  the  lesion. 

If  a  portion  of  the  lung  is  collapsed,  the  neighbouring  part  often 
undergoes  emphysematous  distension.  It  occurs  thus  in  bronchitis, 
and  the  wedges  of  collapse,  already  referred  to,  are  often  fringed  with 
emphysema.  We  see  it  also  around  cicatrices  in  phthisis,  or  along  with 
bronchiectasis  in  fibroid  phthisis.  Emphysema  occurs  sometimes  to  a 
remarkable  extent  in  connection  with  general  adhesions  of  the  lung,  and 
the  emphysema  is  often  very  marked  at  the  anterior  parts.  In  this 
case  the  adhesions  prevent  the  forward  movement  and  expansion  of  the 
lung  during  inspiration,  and  there  is  thus  an  over-distension  in  this 
direction.  The  opposite  lung  may  project  so  as  to  partly  fill  the  space, 
and  its  edge  may  be  also  emphysematous. 

Anatomical  changes  in  emphysema. — We  have  to  do  with  air  spaces 
of  irregular  shape  and  separated  by  partial  partitions,  and  as  the  dis- 
tensile  force  acts  from  within,  its  tendency  is  to  distend  equally  and  so 
render  the  spaces  globular.  The  ultimate  bronchial  tubes  terminate  in 
the  elongated  passages  called  from  their  shape  infundibula.  From 
these  passages  open,  by  wide  apertures,  the  air  vesicles,  which  therefore 
cluster  around  the  infundibula  and  are  mere  pouches  out  from  them. 
The  distensile  force  will  act  first  on  the  infundibulum  with  its  system 
of  air  vesicles,  causing  distension.  The  tendency  will  be  to  render  the 
outline  more  globular  and  the  cavity  simpler.  The  partitions  separating 
the  alveoli  atrophy  and  the  infundibulum  expands  into  a  simpler  cavity 
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{a  a  in  Fig.  249).  Thus  while  more  space  is  occupied  there  is  less 
respiratory  surface.    The  infundibulum  continues  to  expand  and  meets 


diE''x-ito!"  (RrL'pLlscl.)"  -^"l^y^^-^-  The  inf audibula,  „,  „,  a.  are 

with  other  infundibula  undergoing  a  similar  process.  By  mutual  pres^ 
sure  the  adjoining  tissue  atrophies,  and  the  infundibida  communicate  by 
such  rounded  apertures  as  are  shown  in  Fig.  250.    The  larger  ca^atj- 


A  -.^''•~'^™r''y5C!"i!i  of  lung,  portion  of  the  wi\ll  of  an  alveolus.  Thei-e  are  several 
rounded  npertiu-es.  In  some  parts,  and  espociall.v  at  right  hand  corner,  an  aperture 
seems  to  bo  forming  by  the  separation  of  epithelium  which  has  come  to  form  the  entire 
thickness  of  the  alveolar  wall,    x  (ioO.  (TuiERrELiiuR.) 

tends  to  become  simpler  by  atrophy  of  all  partitions  and  septa,  and  so  the 
process  goes  on  by  coalescence  of  neighboui'ing  spaces  and  atrophy  of 
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the  partitions.  The  enlarged  air  spaces  thus  produced  are  of  various 
sizes,  up  to  considerable  vesicles  or  bullaa. 

With  this  atrophy  there  is  great  loss  of  tissue  and  of  blood-vessels. 
Before  the  actual  destruction  of  the  blood-vessels  the  pressure  seems  to 
cause  obstruction  of  them  so  that  they  are  not  able  to  be  injected  and 
appear  as  white  cords.  It  is  stated  that  this  obstruction  is  effected  by 
the  formation  of  white  thrombi.  The  epithelium  for  the  most  part 
persists  in  the  distended  air  spaces,  but  it  is  frequently  in  a  state  of 
fatty  •  degeneration.  Of  most  importance  is  the  atrophy  of  the  elastic 
tissue,  because  on  this  account  the  lung  tissue  will  be  prevented  from 
collapsing  as  it  normally  does. 

The  lung  as  a  whole  presents  alterations  consistent  with  those  in  its 
finer  structure.  In  general  emphysema,  when  the  chest  is  opened,  the 
lungs  are  seen  to  be  bulky  and  pale ;  they  do  not  retract  within  the 
chest,  and  they  give  to  the  hand  a  soft  downy  feeling.  They  scarcely 
crepitate  when  handled  and  when  pressed  on  the  surface  a  pit  is 
left.  These  characters  are  due  to  loss  of  elasticity,  which  renders  the 
lung  tissue  less  capable  of  retracting.  The  localization  of  the  lesion  is 
indicated  by  increase  of  bulk  and  change  of  colour,  the  affected  parts 
having  a  light  grey  or  pinkish  colour  mottled  with  spots  and  lines  of 
pigment.  Thus  the  Anterior  margins  are  unduly  voluminous,  and  the 
edges  rounded.  The  enlargement  is  often  somewhat  irregular  so  that 
pieces  are  partially  isolated  by  being  specially  enlarged.  This  applies 
more  particularly  to  the  Ear-shaped  piece  which  projects  from  the 
anterior  border  of  the  left  lung  corresponding  with  the  lower 
part  of  the  heart.  The  Base  also,  on  account  of  the  insufi&cient 
support  of  the  diaphragm,  frequently  shows  marked  evidences  of  em- 
physema, in  the  form  of  irregular  rounded  prominences,  and  the  dia- 
phragmatic surface  of  the  lung  may  be  convex  instead  of  concave.  This 
is  especially  the  case  in  the  left  lung  where  the  diaphragm  is  not 
supported  by  a  solid  organ  as  it  is  on  the  right  side  by  the  liver.  Again 
the  enlargement  is  very  frequent  at  the  Apices.  It  has  been  pointed 
out  by  Jenner  that  the  right  lung  often  presents  a  special  bulging 
posteriorly  at  a  place  corresponding  to  the  space  behind  the  trachea. 

The  localization  will  be  more  various  where  the  emphysema  is  comple- 
mentary, and  in  that  case  will  depend  greatly  on  the  locality  of  the 
cause.  Thus  we  see  it  around  cicatrices  or  contracted  pieces  of  lung, 
but  in  nearly  all  cases  there  is  a  tendency  to  affect  especially  the 
anterior  parts. 

In  all  these  places,  with  increase  of  bulk  in  general  there  is,  even  to 
the  naked  eye,  a  visible  enlargement  of  the  air  spaces.  Normally,  the 
individual  air  vesicles  are  scarcely  ^visible,  but  in  emphysema  the 
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abnormal  air  spaces  are  plainly  seen  through  the  pleura,  often  giving  a 
frothy  appearance  from  the  size  of  the  vesicles  and  the  delicacy  of  the 
partitions.  Beyond  this  we  may  have  all  degrees  of  visible  enlarge- 
ment of  the  air  spaces  up  to  considerable  bladders  as  large  as  an  egg. 
On  cutting  into  them  there  is  often  a  creaking,  crisp  sound,  and  if  the 
vesicles  are  large  they  collapse  markedly. 

The  effects  of  emphysema.— The  lungs  are  permanently  increased  in 
bulk,  and  the  Capacity  of  the  chest  is  increased.  The  chest  is  kept 
more  or  less  in  the  condition  of  deep  inspu-ation,  the  diaphragm  de- 
pressed and  flattened,  the  shoulders  elevated,  the  sternum  pushed 
forwards  and  outwards,  and  the  chest  more  or  less  barrel-shaped.  The 
heart  is  depressed  along  with  the  diaphragm  and  placed  more  horizon- 
tally, while  it  is  overlaid  by  the  edges  of  the  lungs.  The  liver  is  pushed 
downwards  by  the  flattened  diaphragm. 

Emphysema  has  a  serious  Effect  on  the  circulation.  We  have  seen 
that  there  is  obstruction  and  destruction  of  the  blood  -vessels  in  the  lung 
and  this,  reacting  on  the  pulmonary  artery,  causes  hypertrophy  of  the 
right  ventricle,  which  may  for  a  time  compensate  for  the  obstruction. 
But  as  time  goes  on  the  compensation  is  liable  to  become  incomplete, 
and  the  general  results  of  dilatation  of  the  right  ventricle  and  general 
venous  hypersemia  follow.  The  prolonged  strain  will  try  the  muscle  of 
the  heart  and  death  commonly  ensues  from  heart-failure,  the  muscular 
substance  being  not  uncommonly  found  fatty. 

Senile  emphysema.— -This  is  primarily  an  atrophy  of  the  lung  tissue 
corresponding  with  the  general  atrophy  of  old  age.  When  the  chest 
is  opened  the  lung  in  this  form  retracts  and  falls  backwards  against  the 
posterior  wall  of  the  chest.  Hence  the  name  applied  by  Jenner  of  "small- 
lung  emphysema."  The  normal  weight  of  the  lungs  is  about  44^ 
ounces  in  the  male  and  35  ounces  in  the  female,  but  in  senile  em- 
physema they  may  be  only  two  thirds  of  this  weight.  The  air  vesicles 
undergo  changes  similar  in  appearance  to  those  in  ordinary  vesicular 
emphysema  ;  their  walls  atrophy  and  the  infundibula  coalesce  so  as  to 
form  larger  cavities,  but  this  is  by  a  simple  process  of  atrophy.  On 
examining  the  lung  the  increased  size  of  the  air  spaces  may  be  invisible 
at  first,  but  if  the  lung  be  distended,  or  if  after  laying  it  open  by 
incision  it  be  floated  in  water,  the  large  vesicles  become  visible.  As  old 
people  are  specially  subject  to  bronchitis,  senile  atrophy  may  strongly 
predispose  to  the  more  ordinary  form  of  emphysema. 

Literature. — Interlolmlar — Vihchow,  Arch.  f.  wissensch.  Heilk.  iii.;  Sachse,  Virch. 
Arch.  H.,  1871 ;  Gutehbock,  ibid.  Hi.,  1871 ;  Fesirw/ar— L.*:nnec,  Tralte  d'auscult. 
m6d.  i.,  348 ;  Mendelssohn,  Der  Mech.  der  Eesp.  u.  Circul.,  1845  ;  Gaikdner, 
Edinb.  Monthly  Jour.,  xii.  and  xiii.,  1851 ;  Jenner,  Med.  chir.  trans,  xi.  1857 ; 
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lliNDFLEiscH,  Path.  Hist.;  Thierpeldee,  Atlas  d.  path.  Hist.,  1872;  Heuz,  in 
Ziemssen's  Handb.,  v.  ii;  Eppinger,  Prag.  Vierteljahrschr.  f.  pract.  Heilk,  vol.  cxxxii.; 
DuRAND  Eaedel,  Malad.  des  vieillards,  1854. 

v.— DISOEDEES  OP  THE  CIECULATION  IN  THE  LUNGS. 

It  is  to  be  remembered  that  the  pulmonary  arteries  are  thin-walled, 
and  that  their  muscular  coat  is  comparatively  inactive.  Any  increase 
of  blood-pressure,  therefore,  will  tell  with  full  force  on  the  pulmonary 
circulation.  The  capillaries  are  abundant  and  closely  set,  and  are 
capable  of  great  distension.  Their  dilatation  will  cause  them  to  project 
into  the  air  vesicles,  and  it  is  not  improbable  that  they  sometimes  inter- 
fere seriously  "vvith  the  inflation  of  the  air  vesicles. 

1.  Active  hypersemia. — This  is  not  frequently  met  with  except  as  an 
accompaniment  of  inflammation  or  other  aff'ection  of  the  lung.  It  may 
be  produced  by  the  inhalation  of  irritating  vapours..  A  Collateral 
hypersBmia  occurs  when,  in  consequence  of  disease  which  has  rapidly 
developed,  a  considerable  portion  of  the  pulmonary  circulation  is  ob- 
structed. In  cases  of  pneumonia,  where  the  exudation  in  the  lung 
alveoli  exercises  pressure  on  the  vessels,  the  unaffected  parts  of  the  lung 
are  commonly  hypersemic.  Embolism  of  the  pulmonary  artery  will  also 
produce  a  collateral  hypersemia. 

A  more  equivocal  collateral  hypersemia  is  sometimes  produced  by  the 
application  of  cold  to  the  surface  or  the  imbiljition  of  large  quantities 
of  cold  liquids.  The  eflPect  of  this  is  to  cause  great  contraction  of  the 
arteries  in  the  skin  on  the  one  hand,  or  the  stomach  and  neighbouring 
parts  on  the  other.  The  antemia  thus  produced  causes,  when  extreme, 
a  rise  of  blood-pressure  in  the  pulmonary  circulation,  an  acutely  deve- 
loped hypersemia,  which,  however,  partakes  of  the  nature  of  passive 
more  than  of  active  hypersemia.  There  is  in  some  such  cases  acute 
oedema,  which  may  be  accompanied  by  hsemorrhage.  (See  case  by 
Hertz.) 

2.  Passive  hypersemia  and  (Edema  of  the  lungs. — These  two  con- 
ditions are  often  associated  in  the  lungs  as  well  as  elsewhere.  As 
already  pointed  out,  passive  hypersemia  readily  leads  to  oedema,  and  it 
may  be  said  that  though  oedema  does  not  constantly  follow  hyperasmia, 
it  is  very  liable  to  ensue  on  that  condition.  Passive  hypera?mia  in  the 
lungs  is  nearly  always  connected  with  functional  disturbance  in  the 
heart,  and  there  are  two  principal  forms  of  heart  lesion  which  are  apt 
to  give  rise  to  it.  There  are,  on  the  one  hand  cardiac  lesions,  chiefly 
valvular,  which  interfere  mechanically  with  the  pulmonary  circulation, 
and  on  the  other  hand,  weakness  of  the  heart,  which,  as  we  have  seen, 
is  a  cause  of  passive  hypersemia  in  general. 
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Passive  hypersemia  from  cardiac  lesions  occurs  under  all  the 
diflferent  forms  of  heart  disease  in  which  the  return  of  blood  to  the  left 
auricle  and  ventricle  is  hindered  by  valvular  incompetence  or  other- 
wise (see  under  Valvular  Disease  of  the  Heart).  In  mitral  disease 
especially  there  is  commonly  a  direct  obstruction  to  the  return  of 
blood  from  the  lungs.  This  is,  in  many  cases,  partly  compensated  by 
hypertrophy  of  the  right  ventricle,  but  even  when  it  is  so  the  pul- 
monary circulation  will  be  at  an  increased  pressure,  and  a  more  or  less 
permanent  passive  hypertemia  will  exist.  This  expresses  itself  during 
life  in  the  readiness  with  which  dyspnoea  develops  itself,  and  also  in  the 
frequent  coincidence  of  bronchitis. 

The  appearances  presented  after  death  are  expressed  in  the  desig- 
nation Brown  induration,  usually  applied  to  this  condition.  The  whole 
lung  is  more  consistent  than  normal,  and  does  not  retract  so  fully  when 
the  chest  is  laid  open.  The  colour  is  brownish,  but  the  depth  of  colour 
varies  considerably  in  different  cases  and  in  different  parts  of  the  lung. 

In  this,  as  in  other  cases  of  prolonged  hypersemia,  the  connective 
tissue  is  thickened  and  increased  in  density ;  hence  the  induration, 
which  Rokitansky  thought  to  be  due  to  inflammatory  hypertrophy  of 
the  connective  tissue.  At  the  same  time  the  capillaries  are  greatly 
dilated  and  tortuous,  and  haemorrhage  by  diapedesis  is  liable  to  occur 
as  in  passive  hyperaemia  generally.  The  blood  escapes  partly  into  the 
lung  alveoli,  giving  rise  to  Hasmoptysis,  and  partly  into  the  surrounding 
connective  tissue,  producing  the  Brown  pigmentation.  The  pigment 
is  in  the  form  of  brown  granules  in  the  connective  tissue  corpuscles. 

The  condition  of  the  vessels  is  well  shown  by  separating  a  piece  of  lung  tissue  by 
ligature,  then  placing  it  in  nitric  acid  and  afterwards  in  alcohol.  When  sections  are 
made  the  varicose  capillaries  will  be  displayed  as  a  brownish-red  network,  and  the 
larger  vessels  will  also  be  seen. 

Even  extreme  and  prolonged  hypereemia  may  exist  without  the 
development  of  oedema,  the  occurrence  of  which  will  usually  imply  the 
supervention  of  weakness  of  the  heart. 

Passive  hypersemia  from  weakness  of  the  heart  is  commonly  accom- 
panied by  oedema  of  the  lungs.  In  many  cases  it  is  developed  shortly 
before  death,  and  is  an  expression  of  the  fact  that  failui'e  of  the  heart 
is  the  immediate  cause  of  decith.  In  a  lixi^cje  number  of  debilitating 
diseases  we  find  just  before  death  the  chest  full  of  rales  and  the  breath- 
ing much  obstructed.  In  these  cases'  passive  hypersemia  and  ojdema 
are  found  after  death.  On  the  other  hand,  these  phenomena  may 
develop  in  the  course  of  diseases  which  specially  involve  the  heart, 
more  particularly  the  acute  fevers,  in  which  passive  hyperemia  and 
oedema  are  frequently  of  serious  import.    Existing  cardiac  lesions,  as 
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iilready  mentioned,  will  predispose  to  oedema  if  the  heart  happens  to 
become  exhausted  or  weakened. 

Under  these  various  circumstances  gravitation  plays  an  important 
part  in  the  development  of  the  hypersemia  and  oedema,  and  these  phe- 
nomena are  usually  most  distinct  in  the  parts  which  during  life  have 
been  the  most  dependent.  Hence  the  term  Hypostatic  engorgement  is 
often  applied.  As  a  general  rule,  the  parts  affected  are  the  posterior 
and  basal  portions  of  the  lungs.  They  present  after  death  a  dark  blue 
colour,  and  the  tissue  is  builder  and  more  solid  than  normal.  The 
physical  condition  is  expressed  in  the  term  Splenization,  the  tissue 
resembling  that  of  the  spleen.  If  the  lung  be  incised  and  squeezed,  a 
frothy  fluid  mixed  with  blood  issues  from  the  cut  surface.  Examined 
microscopically  it  is  seen  that  the  capillaries  are  distended  and  the  lung 
alveoli  occupied  by  serous  fluid. 

Hypostasis  occurs  as  a  post-mortem  phenomenon,  and  this  must  be  borne  in  mind 
in  the  diagnosis  of  hyijostatic  engorgement.  Even  in  cases  of  sudden  death  from 
accident  the  posterior  parts  of  the  lung  are  often  of  a  Uvid  colour  from  the  blood 
before  coagulation  having  gravitated  to  the  parts  of  the  lung  which,  in  the  recum- 
bent position  of  the  body,  were  dependent. 

When  passive  hypersemia  and  cedema  have  persisted  for  a  time  they 
often  pass  into  a  condition  closely  allied  to  Inflammation.  Fibrine  and 
catarrhal  cells  are  present  in  the  lung  alveoli,  and  the  lung  tissue 
becomes  still  more  solid,  approaching  to  the  condition  of  hepatization. 
There  is  not,  however,  the  complete  solidification  of  proper  pneumonia, 
and  an  excess  of  fluid,  sometimes  of  a  thickish  grumous  character, 
exudes  from  the  cut  surface. 

CEdema  of  the  lungs  sometimes  occurs  without  hyperasmia,  or  at 
least  with  very  little  evidence  of  the  latter  visible  post  mortem.  This 
admits  of  somewhat  ready  explanation  in  cases  of  Bright's  disease, 
where  it  is  related  to  the  general  tendency  to  cedema.  A  simple 
oedema  may  also  occur  in  consequence  of  multiple  fat  embolism  in  the 
lung.  In  other  cases  there  is  no  other  apparent  cause  than  failure  of 
the  heart,  and  the  absence  of  hypersemia  may.  be  due  to  a  general 
anjemia  or  to  some  local  conditions  such  as  pleural  effusion. 

In  cases  of  simple  oedema  the  lungs  are  pale  and  look  bulky.  On 
incision  clear  frothy  fluid  exudes,  sometimes  in  large  quantity. 

Cohnheim  has  endeavoured  to  elucidate  the  pathology  of  osdema  of  the  lungs  by 
experiment  in  animals.  An  extreme  passive  hyperoamia  may  be  produced  by  para- 
lysing the  left  ventricle,  while  the  right  ventricle  retains  its  full  powers.  Cohnheim 
supposed  that  a  weakening  of  the  left  ventricle  might  explain  the  hyperiemia  and 
oedema  occurring  immediately  before  death.  This  explanation  does  not  seem  to  the 
author  to  be  a  likely  one.  Great  hyperramia  exists  in  cardiac  lesions,  produced  in 
a  somewhat  similar  fashion  to  that  in  these  experiments,  namely,  by  obstruction  on 
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the  left  side  of  the  heart,  without  any  oadema,  unless  there  is  a  failure  in  the  cardiac 
contractions.  It  seems  to  be  rather  the  extreme  stagnation  of  blood,  which  such 
failure  implies,  that  determines  the  oedema. 

Literature. — Eokitausky,  Lehrb.  iii. ;  Zenker,  Beitr.  z.  norm,  und  pathol.  Anat. 
d.  Lungen,  18G2  ;  Cohnhiem,  AUg.  Path.,  i.  501,  1882. 

3.  Embolism  of  the  pulmonary  artery. — The  pulmonary  artery  is 
probably  more  liable  to  embolism  than  any  other  vessel.  The  embolus 
may  be  derived  from  thrombi  in  the  right  side  of  the  heart  or  in  the 
veins  ]  it  may  consist  of  fat,  forming  an  oil  embolism,  or  it  may  have 
origin  in  tumours  or  parasites  which  have  penetrated  the  veins. 

In  a  considerable  proportion  of  cases  the  heemorrhagic  infarction 
results,  but  by  no  means  in  all  (see  p.  76).  In  the  case  of  Fat 
embolism  there  may  be  many  small  haemorrhages  with  oedema,  or 
even  a  more  considerable  area  of  haemorrhage.  (See  pp.  78,  79,  and 
Fig.  8.) 

There  are  many  cases  of  pulmonary  embolism  without  any  develoiDment  of  the 
infarction  and,  it  may  be,  without  any  pronounced  appearances  at  all.  If  the 
embolus  be  large  enough  to  obstruct  the  main  artery  of  the  lung,  then  there  can  be 
no  hfEmorrhage  as  the  whole  lung  is  cut  off  from  its  blood  supply  through  the 
pulmonary  artery.  When  smaller  branches  are  occluded,  the  infarction  may  be 
absent.  Cases  of  sudden  death  after  parturition  occur  from  embohc  obstruction  of 
the  lungs  without  any  infarction.  The  suddenness  of  death  in  some  of  these  cases 
seems  to  indicate  that  it  is  not  due  entirely  to  the  obstruction  in  the  lungs  and  con- 
sequent non-aeration  of  the  blood.  It  seems  rather  due  in  great  measure  to  the 
fact  that,  as  the  blood  is  prevented  from  reaching  the  left  ventricle  in  sufficient 
amount,  the  brain  and  medulla  oblongata  are  deprived  of  their  proper  nourishment. 
In  such  cases  the  right  ventricle  will  be  found  dilated,  while  the  lungs  are  pale  and 
probably  over-inflated  by  the  violent  but  ineffectual  respiratory  efforts.  These 
sudden  deaths  after  confinement  used  to  be  explained  as  cases  of  shock  before 
Virchow  pointed  out  their  true  significance. 

4.  Pulmonary  hgDmorrhage. — Haemorrhage  occurs  in  the  lungs  under 
a  considerable  variety  of  different  circumstances  and  presents  many 
different  ap^iearances. 

The  HsBmorrhagic  infarction  is  the  form  most  frequentlj^  met  with 
after  death.  It  results  from  obstruction  of  the  pulmonary  arterj',  and 
this  is  in  the  great  majority  of  cases  due  to  embolism,  but  in  a  few  may 
be  the  result  of  thrombosis.  In  cases  of  extreme  passive  hyperemia, 
there  may  be  such  stagnation  of  the  blood  in  the  pidmonary  artery  in 
some  parts  as  to  induce  coagulation,  but  this  is  very  rare. 

The  pulmonary  artery  in  itself  and  its  branches  is  an  end-artery,  but  various  local 
circumstances  frequently  interfere  with  the  formation  of  the  infarction.  The 
capillaries  of  the  lung  are  mde,  and  may  act  in  the  same  way  as  anastomosing 
vessels  so  as  to  keep  up  the  circulation  and  prevent  engorgement.  In  addition,  the 
bronchial  artery  nourishes  the  lung  tissue  and  even  forms  communications  with  the 
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pulmonary  artery.  The  infarction  is  least  likely  to  occur  where  the  affected  piedfe  of 
lung  tissue  is  completely  surrounded  by  lung  tissue  whose  capillaries  communicate. 
The  existence  of  the  pleura  at  one  or  several  surfaces  will  interfere  with  such  com- 
munication, and  hence  the  infarction  is  more  common  at  edges,  where  two  or  three 
surfaces  are  covered  with  pleura,  than  m  the  substance  of  the  lung  or  at  its  lateral 
and  posterior  aspects. 

The  lisemorrhagic  infarction  presents  itself  as  a  limited  piece  of  con- 
densed lung  tissue,  which  may  be  often  recognized  by  its  dark  colour 
seen  through  the  pleura,  but  is  more  easily  discovered  by  handling  the 
lung,  when  the  solid  mass  is  readily  detected.  It  is  more  or  less  wedge- 
shaped,  the  blunt  end  being  at  the  surface.  It  is  usually  peripheral 
and  most  frequently  at  an  edge  of  the  lung.  It  presents  great  varieties 
in  size  up  to  nearly  half  the  lung,  but  the  most  common  size  is  from 
that  of  a  hazel  nut  to  that  of  a  hen's  egg.  When  recent,  the  infarction 
looks  on  section  like  a  recent  blood  clot,  and  has  almost  a  similar 


Fi^r.  251. — From  a  luumoniiugic  iiifiirctioii  of  the  Imig.  'J'ho  iilveolus  is  filled  with  red 
blood-corpuscles,  with  one  or  two  largo  catarrhal  cells.  In  the  wall  of  the  alveolus  the 
c-ipillarios  are  greatly  distended  with  blood.    X  300. 

smooth  surface,  from  which  circumstances  the  term  Pulmonary  apoplexy 
used  to  be  given  to  the  condition.    As  time  goes  on  the  colour  mcrues 
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into  brown,  and  the  appearance  may  come  to  resemble  tbat  of  red 
hepatization.  As  blood  fills  the  air  spaces  the  piece  of  lung  is  more 
bulky  than  that  surrounding  it.  The  infarction,  therefore,  is  often 
seen  as  a  rounded  bulging  beneath  the  pleura,  or  when  the  lung  is 
divided  it  stands  at  a  higher  level  than  the  surrounding  tissue.  The 
pleura  over  the  infarction  is  usually  covered  with  a  layer  of  fibrinous 
exudation  of  a  yellow  colour,  and  the  pleural  cavity  contains  fluid,  often 
in  considerable  quantity. 

Search  should  always  be  made  for  the  obstruction  of  the  artery.  The 
artery  may  be  filled  with  coagulum  in  the  infarction  itself,  but  the 
plugging  generally  extends  beyond  its  apex,  the  actual  embolism  being 
usually  some  little  distance  on  the  proximal  side  of  the  infarction.  An 
endeavour  should  also  be  made  to  find  the  source  of  the  embolus. 

Under  the  microscope,  as  shown  in  Fig.  251,  we  have  simply  an 
enormous  aggregation  of  red  corpuscles  in  the  lung  alveoli  and  finer 
bronchial  tubes,  with  distension  of  the  pulmonary  capillaries.  The 
absolute  filling  out  of  the ''alveoli  with  blood  to  the  entire  exclusion  of 
air  indicates  that  there  has  been  a  leakage  from  the  capillaries  graduall}'^ 
filling  up  the  alveoli  and  expelling  the  air.  There  is  usually  hardly  a 
trace  of  fibrine  to  be  seen,  merely  red  corpuscles  which  have  escaped  by 
diapedesis,  and  some  catarrhal  cells.  Such  cells  are  nearly  always 
present,  the  blood  irritating  the  epithelium  and  inducing  their  pro- 
duction. * 

If  the  patient  live  for  some  time  after  the  occurrence  of  the  infarc- 
tion certain  changes  occur  in  it,  but  there  are  few  actual  observations 
bearing  on  this  point.    It  is  very  probable  that  in  some  cases  the 
infarction  clears  away  ;  the  blood  is  discharged  by  expectoration,  and 
the  circulation  is  re-established,  but  the  portion  of  lung  is  unduly  pig- 
mented.   In  other  cases  the  portion  of  lung  gradually  shrinks,  and  the 
ultimate  result  is  a  pigmented  induration.    Indurations,  probably  of 
this  origin,  are  not  infrequently  met  with  in  cases  of  valvular  disease. 
In  still  other  cases  the  portion  of  lung  tissue  dies  and  sloughs,  so  that  a 
cavity  forms.    This  condition  has  probably  been  often  mistaken  for 
phthisis,  especially  as  it  has  probably  been  preceded  by  htemoptysis. 
Sometimes  the  slough  decomposes,  and  we  have  all  the  features  of 
gangrene  of  the  lungs.    It  may  seem  strange  that  necrosis,  which  is  the 
regular  result  in  other  organs,  is  not  of  more  constant  occurrence  in  the 
lungs.    It  is  to  be  remembered,  however,  that  the  lung  tissue  in  the 
midst  of  the  infarction  is  still  nourished  by  the  bronchial  artery,  and 
that,  white  the  capillaries  and  actual  walls  of  the  alveoli  may  die,  the 
interlobular  connective  tissue  may  survive,  and  may  even  use  the 
necrosed  tissue  as  pabulum. 
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Besides  the  hajmorrhagic  infarction  there  ai'e  various  forms  of  pul- 
monary hiiemorrhage.  We  have  already  referred  to  the  hemorrhage 
which  is  a  concomitant  of  passive  hyperajmia.  There  are  also  hiemor- 
rhages  in  scurvy,  hfemophilia,  htemorrhagic  small-jjox,  etc.  Haemor- 
rhage is  very  frequent  in  phthisis  pulmonalis,  as  will  be  subsequently 
described.  It  is  asserted  also  that  there  may  be  rupture  of  a  branch  of 
the  pulmonary  artery  from  fatty  degeneration  of  its  walls,  as  we  may 
have  haemorrhage  in  the  brain  from  atheroma,  but  this  is  excessively 
rare. 

Haemorrhage  is  not  uncommon  from  Tearing  or  Rupture  of  the 
lung,  by  a  wound  or  a  broken  rib.  The  blood  in  this  case  will  partly 
escape  into  the  pleura,  but  it  will  also  collect  in  the  cavity  torn  in  the 
lung  and  infiltrate  neighbouring  parts  of  the  jjarenchyma.  According 
to  Rokitansky  blood  thus  effused  may  be  encapsuled  and  subsequently 
infiltrated  with  lime  salts  like  a  foreign  body. 

When  the  haemorrhage  is  from  the  bronchial  mucous  membrane  or 
the  lung  alveoli,  then  it  appears  in  the  sputum.  To  some  extent,  how- 
ever, the  blood  remains  in  the  air  passages,  and  if  it  be  in  considerable 
quantity  it  may  even  be  carried  by  Insufflation  into  the  lung  alveoli. 
The  blood,  in  this  case,  is  mixed  with  air,  and  there  is  no  such  con- 
densation as  that  which  occurs  in  the  haemorrhagic  infarction.  In  the 
lung  alveoli  the  blood  acting  as  a  foreign  body  irritates  the  tissue 
and  a  catarrhal  inflammation  may  result.  In  such  cases  large  catarrhal 
cells  occupy  the  alveoli  abundantly  wherever  the  blood  has  penetrated, 
and  these  cells  may  be  deej^ly  stained  with  the  colouring  matter  of 
the  blood. 

It  is  stated  that  blood  insufflated  in  large  quantities  may  even 
cause  necrosis  of  the  lung  tissue  in  which  it  lies,  and  so  give  rise  to  a 
condition  like  that  of  the  infarction.  This  may,  perhaps,  occur  when 
the  lung  is  already  seriously  damaged,  as  in  phthisis  pulmonalis,  but 
hardly  in  an  otherwise  healthy  lung.  It  is  also  possible  that  blood 
may  be  drawn  into  cavities  and  form  fibrinous  plugs  there. 

Literature. — Eokitansky,  Lehrb.,  iii. ;  Zenker,  Beitr.  zur  norm.  u.  path.  Anat.  d. 
Lungen,  1862 ;  Hertz,  in  Ziemssen's  Handb.  v. ;  Cohnheim,  Allg.  Patli.,  1882,  i. 
•501;  Gerhardt,  Volkmann's  lectures  (Hyd.  Soc.  transl.),  1876,  2nd  ser.,  p.  261. 

VI.— INFLAMMATIONS  OF  THE  LUNG. 

The  inflammations  of  the  lung  vary  considerably  according  to  cause, 
distribution,  and  the  structures  specially  aff"ccted.  The  irritant  which 
leads  to  the  inflammation  may  reach  the  lungs  by  the  blood-vessels  or 
by  the  air  passages.  In  the  latter  case  it  will  probably  happen  that  the 
agent  will  affect  certain  bronchi  and  their  connected  alveoli  so  as  to 
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produce  a  Lobular  distribution.  In  the  former  case  there  may  be,  on 
the  one  hand,  an  Embolic  distribution,  or  else  a  general  diffusion  over  a 
wide  ti'act  of  lung,  such  as  a  whole  lobe  or  more,  so  as  to  give  a  Lobar 
distribution. 

The  character  of  the  inflammation  will  depend  on  the  nature  of  the 
irritant  as  well  as  on  its  distribution.  We  have  acute  inflammations, 
with  excessive  exudation,  sometimes  going  on  to  suppuration;  and  wo 
have  chronic  inflammations  with  newformation  of  connective  tissue.  We 
have  also  inflammations  mainly  affecting  the  lining  membranes  of  bronchi 
and  alv^li,  and  others  involving  the  deeper  structures.  In  nearly  all 
inflammations  the  epithelium  of  the  alveoli  is  more  or  less  involved.  In 
acute  inflammations  it  is  soon  shed,  while  in  the  chronic  forms  it  pro- 
liferates and  yields  large  cells  (catarrhal  cells)  which  may  accumulate  in 
the  alveoli. 

The  chief  forms  of  inflammation  may  be  considered  under  four 
headings,  namely,  acute  lobar  pneumonia,  acute  broncho-pneumonia, 
embolic  pneumonia,  and  chronic  or  interstitial  pneumonia.  In  phthisis 
pulmonalis  many  of  the  lesions  are  inflammatory,  but,  as  we  have  here 
a  true  tuberculosis,  the  inflammatory  manifestations  will  be  considered 
along  with  the  tubercular. 

1.  Acute  lobar  pneumonia  (Croupous  pneumonia). — This  is  essentially 
a  disease  of  the  lung  alveoli  and  the  most  prominent  feature  is  an  ex- 
udation of  fibrine,  from  which  the  name  croupous  pneumonia  is  derived. 

The  Causation  of  acute  janeumonia  has  not  been  fully  elucidated. 
The  fact  that  a  definite  chemical  irritant  such  as  carbolic  acid,  Avhen 
administered  in  considerable  quantity,  has  more  than  once  produced  a 
typical  pneumonia,  seems  to  indicate  that  a  poison  in  the  blood  is  the 
cause.  Many  facts  indicate  that  in  ordinary  cases  of  pneumonia  some 
form  of  morbid  poison,  probably  a  microbe,  exists  in  the  blood  and  pro- 
duces, on  the  one  hand  the  acute  fever  and,  on  the  other  the  local  in- 
flammation. For  example,  the  fever  often  precedes  the  local  lesion  and 
hence  can  scarcely  be  regarded  as  a  consequence  of  it.  The  fever  has 
a  definite '  course  and  usually  ceases  abruptly,  while  there  is  no  such 
sudden  change  in  the  local  inflammation.  Then  pneumonia  is  sometimes 
associated  with  other  local  inflammations,  as  with  acute  meningitis,  and 
even  with  other  forms  of  fever,  such  as  typhoid,  in  Avhich  case  it  is  to  be 
presumed  that  the  same  irritant  existing  in  the  blood  has  produced  the 
several  effects.  There  is  also  the  fact  that  pneumonia  sometimes  occurs 
in  an  epidemic  form. 

The  question  of  the  form  of  microbe  involved  in  pneiimonia  has 
already  been  considered  (see  p.  303).  Looking  to  the  various  circum- 
stances under  which  pneumonia  is  met  wnth,  and  its  occasional  occur- 
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ronce  along  with  other  forms  of  inflammations  and  fevers,  it  seems 
probable  that  no  single  microbe  is  always  the  morbific  agent. 

Many  epidemics  of  pneumonia  have  been  observed  in  various  quarters  of  the  globe 
(see  Hirsch).  It  is  an  interesting  fact  that  occasionally  epidemic  outbreaks 
of  fever  of  peculiar  and  unusual  characters  have  been  associated  with  acute 
pneumonia.  Amongst  these  may  be  mentioned  an  epidemic  which  occurred  in  an 
industrial  school  in  Glasgow,  which  in  some  of  the  earlier  cases  caused  death  within 
twenty-four  hours  of  the  onset,  and  which,  in  many  of  the  cases  which  lived  for  a 
longer  period  or  survived,  was  accompanied  by  a  typical  pneumonia.  This  epidemic 
could  not  be  referred  to  any  of  the  recognized  forms  of  fever  (see  Eussell). 

The  disease  is  an  acute  inflammation,  and  as  the  lung  alveoli  possess 
merely  a  single  layer  of  pavement  epithelium  which  is  soon  desqua- 
mated the  inflammation  resembles  that  of  serous  rather  than  of  mucous 
membranes.  As  in  the  former  we  have,  here  a  fibrinous  exudation, 
and  though  this  occurs  primarily  and  mainly  in  the  alveoli,  the  fibrine, 
as  we  shall  see,  generally  extends  to  the  finer  bronchi,  forming  casts  of 
them. 

Pneumonia  is  divisible  into  several  stages,  which,  however,  to  some 
extent  merge  into  each  other. 

In  the  first  stage,  that  of  Engorgement,  thei-e  is  an  active  inflamma- 
tory hypersemia ;  the  lung  capillaries  are  highly  injected,  and  there  is 
an  exudation  of  serous  fluid  into  the  air  vesicles.  To  the  naked  eye  the 
affected  portion  of  lung  is  of  a  dark  red  colour,  to  the  touch  it  is  inelastic, 
and  the  finger  applied  to  the  surface  leaves  a  pit  behind.  On  section  a 
reddish  serum  flows  out,  and  the  tissue  does  not  crepitate  under  the 
knife  so  much  as  in  the  natural  state.  This  state,  from  the  resemblance 
of  the  cut  surface  of  the  diseased  lung  to  the  spleen,  has  been  called 
Splenization.  So  far  as  the  merely  anatomical  condition  is  concerned 
the  lung  is  very  much  in  the  same  state  as  in  passive  hypersemia  and 
oedema.  In  pneumonia,  however,  the  splenization  is  not  localized  in  the 
dependent  parts,  but  it  affects  a  definite  region  of  lung,  generally  the 
lower  lobe  as  a  whole,  along,  with,  perhaps,  a  portion  of  the  upper.  Like 
other  inflammatory  exudations,  the  serous  fluid  contains  leucocytes  and 
also  red  blood-corpuscles,  sometimes  in  large  numbers.  As  the  alveoli 
are  filled  with  serous  fluid,  the  air,  bubbling  in  and  out  among  the  fluid 
during  respiration,  produces  the  fine  crepitation  which  is  the  charac- 
teristic auscultatory  sign  of  this  stage. 

In  the  second  stage,  that  of  Red  hepatization,  we  have  fibrine  de- 
posited in  the  alveoli.  In  consequence  a  coagulum  (Fig.  252)  comes  to 
occupy  the  lumen  of  the  vesicles  and  infundibula,  instead  of  the 
mixture  of  serous  fluid  and  air  which  is  pi'esent  in  the  first  stage.  The 
coagulum,  like  the  fluid,  contains  abundant  leucocytes  and  red  corpuscles, 
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Fig.  252.-  Custof  small 
bronclms  infundibula 
and  air  vesicles  in  pneu- 
monia.    X  40.  (CORNIL 

and  Ranvire.) 


the  former  often  so  abundantly  as  almost  to  conceal  the  fibrine.  The 
fibrine  may  be  detected  as  a  coarse  network  with 
interlacing  fibres  (Fig.  2.5,3).  The  capillaries  of 
the  lung  are  in  much  the  same  state  of  over-disten- 
sion as  in  the  first  stage,  and  the  lung  parenchyma 
is  likewise  little  altered. 

The  red  corpuscles  are  present  in  the  alveoli  in  veiy 
varying  proportion.  They  are  never  entirely  absent, 
but  in  general  form  the  minority  of  the  total  cells 
present ;  in  some  cases  they  are  equal  to  the  white 
ones,  in  some  more  abundant.  In  very  rare  cases 
they  are  so  abundant  that  the  exudation  has  more 
the  character  of  an  ordinary  clot  than  of  a  fibrinous 
exudation.  In  these  latter  cases,  which  may  be 
described  as  Hsemorrhagic  pneumonia,  the  lung 
itself  has  a  deep  red  colour.  These  are  mostly  very  severe  cases,  and 
imply  a  previous  state  of  debility  in  the  patient,  very  commonly  re- 
ferrible  to  alcoholic  excess.  In  accordance  with  this  exudation  of  red 
blood-corpuscles  we  have,  in  this  and  in  the  preceding  stage,  the  rusty 
tinge  of  the  sputum  which  is  characteristic  of  pneumonia. 

The  ajjpearance  of  the  lung  in  this  stage  is  somewhat  different  from 
that  in  the  first.    It  retains  its  red  colour,  both  from  the  continuance 
of  the  congestion  of  the  capillaries  and  from  the  red  corimscles  in  the 
exudation,  but  it  is  now  much  firmer  and  heavier — it  does  not  crepitate 
under  the  knife  or  finger,  and  it  sinks  in  water — no  air  being  any  longer 
contained  in  the  vesicles.   On  section  from  a  sound  part  into  a  hepatized 
part,  it  is  observed  that  the  latter  remains  on  a  level  while  the  sound 
part  sinks  away,  so  that  the  diseased  part  appears  enlarged.    Even  on 
external  examination  the  affected  part  of  the  lung  looks  bulky.  On 
more  close  examination,  the  cut  surface  has  not  the  homogeneous  vel- 
vety character  of  the  lung  in  splenization,  but  a  coarse  granular  appear- 
ance, and  this  will  be  more  readily  seen  on  tearing  the  tissue  and  ex- 
amining the  torn  surface  with  a  lens.    The  granulations  thus  brought 
out  are  undoubtedly  the  plugs  of  fibrine  with  corpuscles  which  fill  the 
air  vesicles.    On  stroking  the  cut  surface  with  the  blade  of  the  knife 
casts  of  the  vesicles  and  infundibula  may  be  obtained  (as  in  Fig.  262). 
The  finer  bronchial  tubes  when  laid  open  are  generally  found  to  contain 
casts  of  soft  fibrine,  as  if  the  exudation  had  overflowed  from  the  alveoli 
into  them.    The  appearance  of  a  section  of  such  a  lung  has  been  com- 
pared, from  its  solid  character,  granular  surface,  and  colour,  to  that  of 
the  liver,  hence  the  name  hepatization  applied  to  this  stage. 

The  solidified  lung  is  a  much  better  conductor  of  sounds  than  that 
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filled  with  air ;  hence,  during  life,  we  hear  the  sounds  of  the  trachea  and 
bronchi  much  more  distinctly  than  usual ;  it  is  as  if  one  put  the  stetho- 
scope over  the  trachea  itself. 


Fig.  253.— Alveolus  filled  with  fibrine  and  a  few  leucocytes,  from  a  case  of  pneumonia 
in  stage  of  red  hepatization,    x  350. 


The  third  stage,  that  of  Grey  hepatization,  develops  naturally  out  of 
the  second  (Fig.  254).    In  the  earlier  periods  red  corpuscles  are  exuded 
largely,  but  except  in  cases  of  a  hsemorrhagic  kind  the  white  very  much 
preponderate  in  all  periods,  but  especially  in  the  later  ones.    The  leu- 
cocytes swarming  into  the  alveoli  distend  them  more  and  more.  The 
additional  material  in  the  vesicles  also  causes  pressure  to  be  exercised 
on  the  capillaries,  which  are  thereby  emptied.    In  this  way  we  have, 
instead  of  the  previous  hypertemia,  an  anaemia  of  the  tissue.  In  accord- 
ance with  the  much  less  abundance  of  red  blood,  and  the  presence  of  an 
additional  number  of  colourless  cells,  the  colour  of  the  tissue  is  changed. 
It  retains  the  firm  character,  and  the  granular  appearance  of  the  pre- 
vious stage,  but  the  colour  is  grey.  The  pigment  of  the  lung  intermixed 
with  the  white  colour  of  the  multitudinous  cells  gives  the  appearance 
which  has  been  aptly  described  as  marbled. 

It  is  not  to  be  supposed,  however,  that  during  lite  tlie  vessela  are  empty.    It  is 
always  possible  to  inject  the  vessels  after  death,  and  during  life  no  doubt  the  force 
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of  the  heart  is  sufficient  to  keep  up  the  circulation.  We  are,  therefore,  scarcely 
wan-anted  in  saying  that  the  grey  colour  of  this  stage  is  anything  but  a  post-mortem 
appearance. 

In  the  last  stage,  that  of  Resolution,  the  lung  returns  to  its  normal 
condition.  The  cells  and  fibrine  in  the  air  vesicles  undergo  fatty  degen- 
eration, and  the  j^lugs  soften.    Even  in  the  stage  of  grey  hepatization 


Fig.  254.— Section  of  lung  m  grey  hepatization.  Tlie  alveoli  filled  with 
plugs  in  which  are  multitudes  of  round  cells.  In  the  stroma  the  usn-il 
"^'^onaoeous  pigmentation  of  the  lung  is  seen  at  lower  part  of  figure. 

the  leucocytes  and  fibrine  have  begun  to  undergo  fatty  degeneration,  and 
this  process  progresses  in  the  present  stage.  The  fatty  degeneration  and 
disintegration  of  both  cells  and  fibrine  results  in  the  conversion  of  the 
exudation  into  an  emulsion  which  fills  the  alveoli,  and,  having  a  yellow 
or  greyish-brown  turbid  appearance,  resembles  pus,  in  its  naked-eye 
appearances. 

The  lung  is  still  solid,  still  sinks  in  water,  but  its  firmness  is  gone,  its 
surface  is  pale,  yellowish,  or  greyish  red,  it  has  lost  the  granular  appear- 
ance, and  a  greyish,  dirty  fiuid  oozes  out,  which  makes  the  surface 
so  slippery  that  a  small  portion  is  with  difliculty  lifted  or  held  in  the 
fingers.  The  tissue  is  also  extremely  soft,  and  readily  tears  under 
manipulation.  In  removing  such  a  lung  from  the  body,  unless  care 
is  exercised,  pressure  of  the  fingers  may  rupture  the  tissue,  and  as  the 
pus  or  emulsion  fiows  into  the  cavity  it  may  give  rise  to  the  appearance 
of  abscesses  in  the  midst  of  the  lunsj. 
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The  softened  exudation  is  now  in  a  condition  to  be  disposed  of,  and 
this  is  done  partly  by  expectoration,  but  .ohiefly  by  absorption.  The 
exudation  must  have  been  thoroughly  softened  before  it  will  make  its 
way  through  the  narrow  neck  of  the  infundibulum  into  the  bronchus, 
iind  the  fatty  emulsion  is  for  the  most  part,  absorbed.  It  is  remarkable 
how  rapidly  an  extensive  exudation  in  the  lung  may  be  disposed  of. 
Sometimes,  in  the  course  of  four  or  five  days  from  the  crisis  of  a  pneu- 
monia, the  physical  signs  will  indicate  an  approach  to  complete  disposal 
of  the  exudation  and  return  of  air  to  the  alveoli,  and  this  may  be  almost 
entirely  by  absorption,  almost  no  expectoration  occurring  in  the  interval. 
In  some  cases,  however,  expectoration  materially  aids  in  the  disposal  of 
the  exudation. 

After  the  infundibula  and  vesicles  are  emptied  the  blood  returns  in 
full  force  into  the  capillaries.  Instead  of  the  anaemia  we  have  indeed  a 
hypersemia,  for  the  tissue  has  been  weakened  by  the  inflammation,  and 
is  less  able  to  resist  the  blood-pressure  than  formerly.  It  should  be 
remembered  in  practice  that  the  lungs  of  a  pneumonic  patient  take  some 
time  to  recover  from  the  effects  of  the  inflammation,  and  great  exertion 
during  convalescence  should  be  warned  against,  till  the  tissue  has  re- 
covered its  tone. 

Purulent  infiltration  is  an  occasional  termination  instead  of  resolu- 
tion. In  some  cases,  instead  of  the  inflammation  ceasing,  it  goes  on  in 
its  acute  form,  and  leucocytes  continue  to  be  exuded.  In  this  case,  when 
the  fibrine  breaks  down,  its  place  is  taken  by  pus,  and  a  true  purulent 
infiltration  occurs.  The  condition  somewhat  resembles  that  present 
while  resolution  is  in  progress,  the  fatty  emulsion  in  that  case  resembling 
pus  in  its  naked-eye  characters. 

The  purulent  infiltration  in  some  cases  results  in  Abscess,  of  which 
there  may  be  several  present.  There  may  be  rupture  of  a  considerable 
vessel  in  the  wall  of  such  an  abscess  and  profuse  haemorrhage.  The 
abscess  may  subsequently  burst  into  a  bronchus  or  the  pleura,  in  the 
latter  case  producing  empyema,  and  perhaps  pneumothorax. 

Another  unfortunate  result  which  sometimes  occurs  is  Gangrene  of 
the  lung.  This  is  mostly  met  with  in  the  heemorrhagic  form  and  in 
drunkards,  but  it  may  occur  where  there  is  a  bronchiectatic  cavity  with 
decomposing  contents. 

There  are  some  cases  of  pneumonia  which  seem  to  end  in  Phthisis  pul- 
monalis,  either  in  the  indurative  or  in  the  caseous  form.  This  is  a 
very  rare  outcome,  and  it  will  probably  occur  only  when  a  tuberculosis 
has  established  itself  before  the  onset  of  the  pneumonia.  It  may  be  said 
also  that  an  acute  tuberculosis  may  resemble  in  its  course,  and  be  mis- 
taken for  a  pneumonia. 
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Another  rare  result  is  Chronic  pneumonia,  whose  description  follows 
below.  It  is  more  common  than  the  termination  in  phthisis,  and  is  pro- 
bably not  infrequently  mistaken  for  the  latter. 

The  Pleura  always  takes  part  more  or  less  in  the  inflammation  of  th  • 
lung.  The  pleural  surface  of  the  inflamed  portion  of  lung  is  coated  Avith 
a  white  fibrinous  exudation,  which  is  sometimes  of  considerable  thick- 
ness. There  is  rarely  any  considerable  serous  exudation  in  the  pleura, 
probably  because  the  lung  distended  with  the  solid  exudation  fills  the 
cavity,  and  by  its  pressure  prevents  the  accumulation  of  fluid.  Some- 
times the  pleural  exudation  takes  on  a  purulent  character,  and  an 
empyema  may  remain  after  the  I'esolution  of  the  pneumonia.  In  some 
cases  the  inflammation  extends  to  the  pericardium,  on  the  surface  of 
which  there  may  be  a  slight  fibrinous  exudation. 

When  resolution  occurs  the  pleurisy  -will  become  chronic  and  the 
fibrinous  exudation  will  be  gradually  absorbed.  The  result  will  usually 
be  coalescence  of  the  two  pleural  surfaces,  adhesion  of  the  pleura. 

Pneumonia  is  an  acute  febrile  disease,  and  so  produces  secondarj- 
changes  in  the  organs  of  the  body,  generally  comparable  with  those  in 
acute  specific  fevers.  There  is  commonly,  but  not  always,  enlargement 
of  the  spleen.  The  liver  is  usually  enlarged,  and  shows  parenchymatous 
infiltration. 

In  some  cases  of  iDneumonia  the  connective  tissue  of  the  mediastinimi  and  sub- 
pleuial  tissue  are  the  seats  of  inflammatory  osdema,  which  may  extend  to  the  loose 
tissue  between  oesophagus  and  trachea,  up  to  the  retropharyngeal  tissue,  the  soft 
palate,  the  tonsils,  and  even  to  the  nares.  Sometimes  this  inflammation  assumes 
a  phlegmonous  character.  This  probably  occurs  by  j)ropagation  of  the  specific 
microbe  in  the  loose  tissues  (Weichselbaum). 

2.  Acute  broncho-pneumonia  {Catarrhal  imeumonia,  Capillary  hron- 
chitis). — This  disease  occurs  most  frequently  in  children,  and  is  in  them, 
as  in  adults,  associated  with  catarrh  of  the  finer  bronchi.  The  bronchi 
are  first  aff'ected,  and  so  it  may  be  said  that  the  jjueumonia  springs  out 
of  a  Capillary  bronchitis,  the  tubes  affected  being  those  of  the  finest 
calibre.  In  a  large  proportion  of  cases  the  bronchitis  originates  in 
measles,  or  it  may  occur  in  diphtheria,  or  small-pox,  or  hooping-cough. 
In  adults  it  may  follow  typhoid  or  other  infectious  fever,  or  it  may  be 
the  result  of  the  inhalation  of  irritating  gases,  or  of  the  presence  of 
decomposing  material  or  foreign  bodies. 

It  is  to  be  noted  that  an  ordinary  bronchial  catarrh,  such  as  was  described  in  the 
section  on  bronchitis,  seldom  goes  on  to  a  catarrhal  pneumonia,  but  that  for  the 
most  part  the  latter  is  due  to  the  existence  of  some  special  irritant  such  as  the 
virus  of  measles  or  decomposing  juices  in  the  bronchial  tubes. 

We  have  already  seen  that  the  presence  of  blood  in  the  alveoli,  acting  as  a  foreign 
body,  may  cause  catarrh.    It  is  also  interesting  that  a  catarrhal  pneumonia  may  be 
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produced  in  animals  by  Division  of  the  pneumogastrio  lierves.  The  pneumonia  here 
seems  due  to  stagnation  of  the  secretion  wliich  is  no'  longer  expelled,  and  to  the 
irritation  which  this  produces.  In  new-born  children  there  is  sometimes  a 
broncho-pneumonia  which  may  be  due  to  insufflation  of  amnionic  fluid  or  of  im- 
pure secretions  from  the  maternal  parts. 

The  author  has  several  times  had  the  opportunity  of  observing  how  the  Insuffla- 
tion of  putrid  juices,  it  may  be  in  cases  of  gangrene  of  the  lung  or  of  the  presence  of 
foreign  bodies  in  the  larger  bronchi,  has  led  to  broncho-pneumonia,  with  a  con- 
densation considerably  resembling  that  in  phthisis. 

As  the  disease  begins  in  the  bronchial  tubes  and  is  propagated  to  the 
lung  tissue,  it  follows  in  its  distribution  the  &,rrangement  of  the  bron- 
chial tubes ;  that  is  to  say  it  occurs  in  a  lobuliir  form,  hence  the  name 
Lobular  pneumonia  which  is  frequently  used."*  Although  the  disease  is 
thus  primarily  lobular,  it  is  clear  that  it  will  often  occur  in  several 
neighbouring  lobules,  and  so  a  considerable,  tract  of  lung  may  be 
involved. 

The  inflammation  manifests  itself  by  the  production  of  an  exudation 
mingled  -with  cells,  so  that  the  fine  bronchi  and  the  connected  alveoli 
become  filled.  There  is  thus  brought  about  a  lobular  condensation. 
The  cells  produced  are  partly  leucocytes  and  partly  catarrhal  cells,  the 
derivatives  of  the  epithelium.  The  proportion  of  each  of  these  will 
depend  somewhat  on  the  acuteness  and  nature  of  the  irritant,  but  in 
acute  cases  each  minute  bronchus  will  often  contain  a  small  drop  of  pus. 
The  affected  pieces  of  lung  are  firm  and  reddish  brown  or  grey,  and  on 
the  cut  surface  stand  above  the  general  level.  Even  when  a  consider- 
able district  is  generally  affected  the  lobidar  appearance  is  usually 
visible. 

As  the  disease  begins  in  a  catarrh  of  the  finer  bronchi,  there  is  often 
Collapse  of  the  corresponding  portion  of  lung  even  before  any  actual 
inflammatory  processes  occur  in  it.  The  obstruction  of  the  tubes  with 
tough  secretion  sufiiciently  accounts  for  this  collapse.  It  is  a  lobular 
collapse,  and,  as  seen  from  the  surface,  areas  of  larger  or  smaller  size  arc 
depressed  and  of  a  bluish  red  colour.  These  are  mostly  to  be  found  in 
the  first  instance  at  the  posterior  and  inferior  parts  of  the  lung.  In  other 
parts,  and  especially  in  the  upper  lobes,  we  may  have  emphysema. 

In  some  cases  the  inflammation  does  not  confine  itself  to  the  bronchi 
and  alveoli,  but  may  extend  to  the  connective  tissue  of  the  lung  generally. 
In  such  cases  the  exudation  in  the  bronchi  is  composed  of  leucocytes, 
and  cells  of  a  similar  character  infiltrate  the  bronchial  wall  and  neigh- 
bouring structures,  the  bronchi  evidently' forming  centres  of  irritation. 

In  many  cases  Acute  pleurisy  accompanies  the  process  in  the  lung 
(Fagge). 

The  inflammatory  products  in  the  air  vesicles  may  after  a  time 
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undergo  fatty  degeneration,  break  down,  and  be  discharged,  some  part 
of  them  being  probably  absorbed  by  the  lymphatics.  In  some  cases, 
however,  the  result  is  not  in  every  part  of  the  lung  so  fortunate.  For 
one  thing,  the  collapsed  portions  may  remain  uninflated,  and  as  consider- 
able tracts  of  lung  may  be  affected,  marked  shrinldng  of  the  lung 
and  deformity  may  result.  Or,  again,  the  catarrh  may  become  chronic, 
and,  being  associated  with  an  interstitial  inflammation,  result  in  a  per- 
manent induration,  the  alveoli  being  encroached  on  by  the  growng 
connective  tissue,  as  in  the  case  of  chronic  pneumonia.  In  this  way, 
the  person,  though  recovering,  emerges  from  the  disease  with  a  damaged 
liuig;  according  to  the  extent  of  the  permanent  damage  will  be  the 
shrinking  of  the  lung  and  possible  displacement  of  organs.  Again, 
phthisis  pulmonalis  may  develop  out  of  an  acute  catarrhal  pneumonia, 
but  this  is  fortunately  an  unusual  result. 

It  has  already  been  mentioned  that  the  disease  begins  in  the  bronchi,  and  it  has 
been  asserted  by  Buhl  that,  throughout,  the  inflammation  remains  confined  to  the 
■bronchi,  the  inflammatory  products  found  in  the  alveoU  being  simply  insufflated 
from  the  bronchi.  This  view,  however,  can  hardly  be  maintained,  as  evidence  of 
acute  changes  can  actually  be  observed  in  the  epithelium  of  the  alveoli. 

3.  Diphtheritic  pneumonia.— In  many  cases  of  diphtheria  the  exuda- 
tion extends  down  the  Ijronchi  even  to  their  finest  ramifications,  and 
sometimes  also  to  the  lung  alveoli.  The  bronchi  contain  casts  which  do 
not  generally  obstruct  the  calibre  entirely.  These  casts  consist  of 
fibrine  and  leucocytes,  the  latter  in  great  abundance  Sometimes  the 
finer  bronchi  generally  are  filled  with  leucocytes.  There  is  also  exuda- 
tion of  leucocytes  into  the  air  vesicles,  but  not  usually  fibrine.  . 

4.  Embolic  pneumonia.— (Pyfmm  w  Metastaiic  abscesses).— In  cases 
of  septic  thrombosis  of  veins  (thrombo-phlebitis)  in  connection  with 
wounds  or  abscesses,  a  septic  embolism  is  liable  to  occur,  in  which  the 
lungs  are  most  directly  involved.  Pieces  of  the  thrombi  containing 
pyogenic  microbes  (generally  staphylococcus  pyogenes  aureus)  are 
carried  to  the  lung  and  are  caught  in  small  arteries  or  capillaries. 

Each  such  embolus  becomes  a  centre  of  acute  inflammation  going  on 
usually  to  suppuration  and  gangrene.  If  a  considerable  branch  be 
obstructed  there  may  be  at  first  the  regular  hsemorrhagic  infarction. 
But  soon  there  is  such  an  abundant  exudation  of  leucocytes  that  the  red 
colour  is  obscured,  and  the  result  is  an  area  of  grey  hepatization.  A 
similar  grey  heijatization  will  develop  if  there  has  been  no  hfemorrhage. 
The  patch  will  be  wedge-shaped  or  round  according  to  the  vessel 
affected.  The  grey  hepatization  gives  place  to  a  purulent  infiltration, 
usually  with  gangrene  of  the  lung  tissue  and  the  regular  formation  of 
an  abscess. 
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Such  metastatic  abscesses  are  very  various  in  size,  form,  and  num- 
ber. If  the  embolism  be  capillary  there  may  be  multitudes  of  minute 
abscesses,  but  very  often  there  are  only  a  few  and  these  may  be  of 
some  size. 

If  an  abscess  be  near  the  surface  it  gives  rise  to  an  acute  pleurisy 
which  is  apt  to  be  suppurative  in  character.  This  may  occur  without 
the  actual  bursting  of  an  abscess  into  the  pleura,  the  microbes  pro- 
pagating through  the  inflamed  wall  into  the  pleural  cavity. 

5.  Chronic  pneumonia  {Interstitial  pneumonia,  Simple  cirrhosis  of  the 
lung). — We  include  here  those  conditions  in  which  the  lung  tissue  is  the 
seat  of  a  simple  chronic  inflammation,  without  anything  of  a  tubercular 
or  other  specific  nature.  The  simplest  cases  are  those  in  which  an 
acute  pneumonia,  instead  of  resolving,  passes  into  a  chronic  condition. 
In  old  persons,  again,  ordinary  pneumonia  is  apt  to  be  chronic,  and  it  may 
therefore  be  said  that  senile  pneumonia  is  included  under  the  present 
head.  To  a  certain  extent  the  same  is  true  of  pneumonia  in  drunkards 
and  in  debilitated  persons,  especially  when  it  affects  the  apex  of  the 
lung.  In  addition  to  that  we  have  a  very  important  group  in  which 
chronic  inflammation  is  set  up  by  the  inhalation  of  irritating  solid 
particles,  as  among  potters,  stone-hewers,  etc.    (See  further  on.) 

The  chronic  inflammation  here,  as  in  other  organs,  is  chiefly  charac- 
terized by  a  newformation  of  connective  tissue,  so  that  Induration 
of  the  lung  is  the  result.  In  this  view  of  it  the  terms  chronic  inter- 
stitial pneumonia,  cirrhosis,  sclerosis,  are  sometimes  used  as  being  virtu- 
ally of  the  same  meaning  as  chronic  pneumonia.  But  here  it  is  necessary 
to  distinguish  very  carefully.  We  shall  see  afterwards  that  there  is  a 
form  of  phthisis  pulmonalis  in  which  a  great  neAvformation  of  connective 
tissue  occurs,  but  the  inflammation  in  that  case  is  due  to  the  tubercular 
virus.  In  the  disease  at  present  under  consideration  there  is  no  such 
irritant  present,  and  the  inflammation  is  simple.  The  proper  tubercular 
fibroid  phthisis  is  a  much  commoner  condition  than  the  simple  chronic 
induration. 

The  naked-eye  appearances  presented  by  the  lung  in  cases  of  acute 
pneumonia  which  have  had  a  prolonged  course  and  have  become  chronic 
are  not  unlike  those  of  the  lung  in  the  stage  of  grey  hepatization.  The 
disease  is  generally  confined  to  one  lung,  and  may  affect  only  a  portion 
of  it.  The  lung  is  bulky  and  dense,  and  feels  solid  to  the  touch.  When 
cut  into,  the  solid  lung  has  iisually  a  grey  colour,  although  sometimes 
with  a  tint  of  red,  but  it  has  a  smoother  cut  surface  than  that  in  hepatiza- 
tion, and  the  tissue  is  much  tougher.  To  this  condition  the  name  Iron- 
grey  induration  may  be  aptly  applied. 

Under  the  microscope  the  conditions  are  such  as  are  indicated  in  Fig. 
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255.  The  walls  of  the  alveoli  are  greatly  thickened  by  fibrous  tissue, 
which  largely  encroaches  on  the  alveoli,  the  epithelium  of  which  is 
preserved,  and  sometimes  occupies  their  interior.  When  it  is  considered 
that  the  lung  as  a  whole  is  not  reduced  in  bulk,  and  that  the  alveoli  are 
in  great  part  empty,  then  the  overgrowth  of  connective  tissue  will  be 
understood  to  be  very  great.     Along  with  the  interstitial  newforma- 


Fig.  255. — Chronic  pueumouia;  The  conuective  tissue  is  greatly  iucreased,  and  the  alveoli 
(a,  a,  a),  are  represented  by  contracted  spaces  lined  with  well-formed  epithelium.  The  epi- 
thelium here  is  much  more  distinct  than  in  the  normal  alveoli,    x  350. 


tion  there  is  commonly  thickening  and  adhesion  of  the  pleura.  In 
the  condition  hitherto  described,  there  is  no  considerable  obliteration 
of  the  air  vesicles  except  in  so  far  as  they  are  encroached  on  from 
without. 

In  some  cases  there  is  a  very  striking  appearance  as  if  the  fibrinous 
plugs  in  the  alveoli  in  acute  pneumonia  were  being  eaten  into  and 
replaced  by  connective  tissue.  There  are  obvious  masses  of  connective 
tissue  inside  the  alveoli,  sometimes  distinctly  pedunculated.  These 
have  arisen  in  a  manner  similar  to  that  in  which  a  thrombus  becomes 
organized,  the  new-formed  tissue  moulding  itself  on  the  fibrinous  plug. 
This  appearance  establishes  the  fact  that  chronic  jjueumonia  sometimes 
develops  out  of  acute,  a  view  which  has  been  questioned  by  some. 

If  the  disease  progresses,  the  new-formed  connective  tissue  takes  on  a 
cicatricial  character  and  by  its  contraction  destroys  and  contorts  the  pro- 
per lung  tissue.    Just  as  in  the  case  of  cirrhosis  of  the  liver,  there 
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is  here  an  atrophy  of  the  normal  structure  and  a  tendency  in  the  organ 
to  shrink.  This  leads  to  dilatation  of  the  bronchi  on  principles  already 
enunciated,  so  that  Bronchiectasis  is  a  prominent  feature  in  advanced 
cases  of  this  kind.  The  bronchial  secretion  may  stagnate  in  the  dilated 
bronchi  and  decompose ;  the  irritation  of  the  decomposing  juices  some- 
times causes  ulceration,  and  ragged  cavities  may  thus  form,  so  that  the 
condition  may  come  to  x'esemble  jihthisis  pulmonalis. 

Literature.— L.ENNEc,  Traits  d'auscult.  niecl.,  1819;  Eokitansky,  Lehrb.  d.  jiath. 
Anat.,  iii.,  1861 ;  Stokes,  Dis.  of  chest,  1837  ;  Fkiedlandee,  Ueber  Lungenentz.  1873  ; 
.JuRGENSEN,  in  Ziemssen'sHandb.,  2nd  ed.,  1882,  and  Volkmann's  Lectures  (Syd.  Soc. 
transl.),  1876;  Gatrdneh,  Clin.  Med.,  1862;  Stubges,  Nat.  hist,  and  relations  of 
Pneum.,  1876;  Collective  Invest.  Eecord,  vol.  ii.,  1884;  Hiesch,  Geograph.  und 
histor.  Path.,  1886,  iii.  125 ;  Eussell,  Peculiar  outbreak  of  feb.  disease,  1888 ; 
Leyden,  (Abscess  and  gangrene)  Volkmann's  Samml.,  Nos.  cxiv.  and  cxv.,  1877. 

VII.— GANGEENE  OF  THE  LUNGS 

In  this  condition  necrosis  of  a  definite  piece  of  lung  tissue  occurs. 
The  necrosis  is  always  accompanied  or  followed  by  decomposition,  and 
the  irritating  character  of  the  decomposing  material  plays  an  important 
part  in  the  processes  concerned.    The  gangrene  may  itself  arise  by  the 
iiction  of  decomposing  material.    If  a  foreign  substance,  such  as  a  piece 
of  solid  food,  gets  into  a  bronchus  it  may  induce  a  bronchitis  with 
putrescence  of  the  secretion,  and  the  irritation  of  the  putrid  juices  may 
induce  gangrene  of  the  lung.    Similarly,  putrid  juices  inspired  from 
ulcers  and  wounds  of  the  mouth  and  air-passages,  or  perforation  of 
abscesses  or  ulcers  into  the  trachea  or  bronchi  may  set  it  up.  Again, 
the  juices  in  cavities,  especially  in  those  arising  by  dilatation  of  bronchi, 
may  stagnate  and  decompose,  and  lead  to  gangrene.    Wounds  and  con- 
tusions may  cause  necrosis  directly.    Sometimes  the  lung  tissue  dies  in 
severe  cases  of  typhoid  fever  or  other  zymotic  diseases.     We  have  also 
seen  that  gangrene  may  occasionally  follow  the  hsemorrhagic  infarction 
or  acute  pneumonia,  and  that  it  is  a  constant-  feature  of  the  metastatic 
abscess.    Lastly,  there  are  some  cases  in  which  the  cause  of  the  gangrene 
is  obscure,  but  these  cases  as  well  as  those  with  a  more  definite  cause,  are 
.somewhat  common  in  debilitated  persons  and  those  given  to  alcoholic 
excess. 

It  is  customary  to  divide  gangrene  of  the  lung  into  a  circumscribed 
and  a  diffuse  form.  In  both  the  lung  tissue  dies  and  decomposes, 
ultimately  becoming  separated,  if  the  patient  survive,  as  a  shreddy 
slough,  which  occupies  the  cavity  formed  by  the  loss  of  tissue.  In  the 
diffuse  form  there  are  gangrenous  patches  throughout  the  lung,  or  a 
considerable  portion  of  it,  and  there  is  little   probability  of  the 
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effects  becoming  limited  by  reactive  inflammation  in  the  neighbourhood. 
The  diffuse  form  not  infrequently  develops  from  the  circumscribed,  the 
decomposing  juices  from  the  slough  causing  still  further  necrosis. 

The  various  changes  which  occur  around  a  gangrenous  piece  of  lung, 
and  in  more  distant  parts  of  the  organ,  are  related  to  the  irritating 
character  of  the  slough.  These  changes  are  mainly  inflammatory. 
The  immediately  neighbouring  lung  tissue  is  acutely  inflamed,  and 
there  is  thus  a  zone  of  condensation  around  having  the  usual  featiu-es 
of  acute  pneumonia,  often  with  a  specially  hsemorrhagic  character.  In 
this  inflammatory  zone  the  gangrene  may  advance.  On  the  other  hand 
the  slough  may  be  detached  by  the  inflammatory  process,  and  through 
time,  a  more  chronic  inflammation  having  occurred,  the  slough  may  be 
separated  from  the  lung  tissue  by  a  layer  of  granulation  tissue  which 
produces  pus  abundantly  into  the  interior  of  the  cavity.  If  the  slough 
bo  small  enough,  the  cavity  may,  after  the  discharge  of  the  slough, 
ultimately  contract  and  form  a  cicatrix,  but  in  the  case  of  larger  sloughs 
a  supi3urating  cavity  may  long  remain. 

The  effect  on  the  bronchial  mucous  membrane  is  of  importance.  The 
decomposing  juices  from  the  slough  and  from  the  inflamed  lung  tissue 
find  their  way  into  the  bronchial  tubes,  where  they  set  up  an  <acute 
inflammation  of  a  highly  suppurative  character.  A  rich  secretion  of 
putrid  pus  is  the  result.  This  secretion  carried  to  the  bronchi  in  other 
parts  of  the  lung  may  set  up  gangrene  in  numerous  small  isolated 
patches,  and  in  this  way  multiple  small  abscesses  may  occur.  If  the 
gangrene  be  near  the  surface  an  acute  pleurisy  is  the  result,  with 
fibrinous  exudation.  Sometimes  the  cavity  opens  into  the  pleura,  and 
we  have  a  suppurative  pleurisy,  perhaps  with  pneumothorax. 

An  occasional  complication  of  gangrene  is  Hsemorrhage.  As  the 
slough  separates  the  more  resistant  tissues  retain  their  connection 
longest.  The  bronchi  and  larger  vessels  sometimes  remain  as  rigid 
trabecules  in  the  midst  of  the  soft  slough.  The  arteries  remain  longest 
in  connection,  but  they  are  usually  filled  with  thrombi  and  obliterated. 
Occasionally,  however,  the  gangrene  advances  around  an  artery  which 
is  still  per\dous,  and  in  that  case  haemorrhage  of  a  serious  or  even  fatal 
character  may  result. 

Sometimes  the  gangrene  leads  to  a  definite  sei^ticajmia,  or  metastatic 
inflammations  result,  having  their  seats  especially  in  the  brain.  In 
these  cases  the  decomposing  material  gets  into  the  pulmonary  veins, 
having  first  caused  thrombosis  of  them. 

A  peculiar  feature  in  gangrene  of  tiie  lung  is  the  very  abundant  and  highly 
Putrid  sputum.  Tlie  decomijosing  juices  from  the  slough  set  up,  wherever  they  are 
carried,  acute  suppurative  iniJammations,  and  the  abundant  inflammatory  products 
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also  undergo  decomposition.  The  bronchial  tubes  being  weakened  by  the  severe 
inflammation  often  undergo  dilatation,  and  the  material  stagnates  in  them  all  the 
more,  and  decomposes.  So  it  happens  that  in  the  cavity  itself  and  in  the  dilated 
bronchi  there  are  usually  large  quantities  of  putrid  secretion.  This  is  expectorated 
at  intervals,  and  sometimes  so  abundantly  that  it  pours  out  of  nose  and  mouth. 
The  sputum  is  extraordinarily  fcBtid,  and,  if  allowed  to  stand,  deposits  triple  phos- 
phates, crystals  of  margarine,  etc.  It  also  contains  abundant  pus-corpuscles,  many 
of  them  broken  down  by  decomposition,  pieces  of  lung  tissue,  and  bacteria  isolated 
and  in  colonies.    Sometimes  the  sputum  contains  also  spirilla. 

Literature.— L.ENNEC,  Trait6  d'auscult ;  Leyden,  Volkmann's  Sammlung,  No.  26, 
1871 ;  Hertz,  in  Ziemssen's  Handb.,  v.  514,  1877 ;  Hanot,  Progr^s  m§d.,  1876, 
No.  14. 

Vin.— PHTHISIS  PULMONALIS.    PULMONAEY  TUBEECULOSIS. 

1.  Definition. — The  term  phthisis  pulmonalis  was  originally  used  to 
designate  a  wasting  of  the  body  associated  with  disease  of  the  lung. 
In  its  modern  use  it  is  applied  to  cases  in  which  the  lungs  are  affected 
by  a  progressive  lesion,  the  ordinary  and  regular  result  of  which  is 
destruction  of  the  lung  tissue  and  the  formation  of  cavities.  The  idea 
of  wasting  is  thus  transferred  to  the  lungs,  and  associated  with  the  ana- 
tomical character  of  the  lesion.  It  has  always  been  recognized  that 
tuberculosis  plays  a  considerable  part  in  the  pathology  of  phthisis  pul- 
monalis, but  it  is  only  of  late  years  that  a  more  complete  demonstration 
has  been  furnished  of  the  fact  that  virtually  all  cases  conforming  to  the 
above  definition  are  really  cases  of  tuberculosis  of  the  lung.  There  may 
be  a  few  cases  of  actinomycosis,  and  possibly  some  of  syphilis,  which 
produce  lesions  somewhat  similar  in  character,  but  they  are  so  few  that 
phthisis  pulmonalis  may  now  be  regarded  as  synonymous  with  local 
tuberculosis  of  the  lung. 

It  may  be  well  here  to  refer  briefly  to  the  various  phases  through  which  the 
views  as  to  the  pathology  of  phthisis  have  gone  since  the  time  of  LaBmiec,  especially  as 
many  of  the  terms  in  common  use  in  connection  with  the  disease  are  related  to  some 
of  these  views. 

LfEimec  believed  that  there  was  a  particular  tubercular  matter  which  was  Uable 
to  be  deposited  in  the  lungs  or  elsewhere.  It  might  be  deposited  in  isolated  places, 
forming  miliary  tubercles,  or  infiltrated  into  a  considerable  portion  of  lung,  forming 
infiltrated  tubercle.  In  both  cases  the  deposit  usually  began  as  a  Grey  transparent 
structure,  which,  however,  was  prone  to  change  into  a  yellow  or  whitish  material 
which  was  drier  and  harder.  This  yellow  material  was  called  Tellow  or  Crude  tubercle, 
whether  occurring  in  the  isolated  or  in  the  infiltrated  form.  All  cases  were  regarded 
as  tubercular  in  which  there  were  either  isolated  nodules  or  extensive  infiltrations, 
whether  these  were  grey  or  yellow. 

By  and  by  it  came  to  be  seen,  however,  that  many  of  the  conditions  in  phthisis 
are  simply  inflammatory.  The  minute  histological  characters  of  what  we  now  call 
the  tubercle  were  discriminated,  and  the  essentially  inflammatory  processes  were 
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sought  to  be  separated  from  the  tubercular.  It  was  shown  that  the  existence  of 
caseous  material  is  no  evidence  of  tuberculosis,  since  the  ordinary  products  of 
inflammation  and  other  newformations,  such  as  tumours,  may  undergo  this  change, 
which,  in  its  essence,  is  really  a  necrosis  with  degeneration  of  the  structures  con- 
cerned. In  phthisis,  then,  the  process  is  largely  an  inflammatory  one,  with  the 
special  tendency  in  the  products  of  inflammation  to  undergo  a  caseous  metamor- 
phosis. In  this  way  arose  Virchow's  designation  Caseous  pneumonia — an  in- 
flammation with  a  caseous  tendency  in  its  products,  just  as  scrofulous  disease  of 
the  glands  is  an  adenitis  with  a  similar  tendency. 

When  the  lungs  in  phthisis  were  more  particularly  examined,  however,  it  was 
found  that  the  condition  is  not  such  a  purely  inflammatory  one  as  Virchow's  posi- 
tion would  indicate.  In  all  stages  of  the  disease  Tubercles  are  to  be  found  alongside 
the  inflammatory  products.  The  tubercles  undergo  changes  similar  to  these,  and  it 
is  often  difiicult  to  discriminate  between  the  two,  especially  when  caseous  meta- 
moi-phosis  has  occurred.  But,  in  nearly  all  cases  where  the  disease  is  advancing, 
proper  tubercles  are  to  be  found  along  with  the  inflammatory  conditions. 

The  more  modern  position  brings  us  back  more  nearly  to  that  of  Lsennec.  Again 
we  regard  phthisis  as  a  tubercular  disease,  but  not  merely  in  the  general  sense  of 
Lfennec.  We  are  to  observe  carefully  the  inflammatory  processes  and  distinguish 
their  effects  on  the  lung  tissue.  Our  position  diflers  also  from  Ltennec's  in  respect 
that  he  regarded  a  particular  state  of  the  constitution  as  the  essential  cause  of  the 
tuberculosis.  It  is  not  to  be  denied  that  the  lungs  must  be  in  a  state  of  suscep- 
tibiUty  before  they  can  be  affected  by  the  tubercular  Virus,  but  the  same  maybe  said 
concerning  any  form  of  tuberculosis,  and  indeed  concerning  ordinary  inflammatory 
processes.  We  know  that  different  persons,  or  the  same  person  at  different  times, 
are  very  variously  susceptible  to  catarrhs,  and  to  inflammations  of  all  sorts. 

We  are  to  regard  phthisis  pulmonalis  as  a  Local  tuberculosis  in 
which  inflammatory  processes  and  the  actual  formation  of  tubercles 
play  their  parts,  and  both  lead  on  to  necrosis  and  ulceration. 

2.  Causation. — In  what  has  been  said  above  it  has  been  implied  that 
the  causation  of  phthisis  pulmonalis  is  connected  with  the  tubercular 
bacillus.  All  that  has  been  said  in  regard  to  the  causation  of  tuber- 
culosis at  page  198  applies  here. 

There  is,  in  this  as  in  other  forms  of  tuberculosis,  not  only  the  action 
of  the  specific  microbe  to  be  considered,  but  also  the  susceptibility  of 
the  individual,  which  may  be  inherited,  but  is  often  acquired.  It  is 
acquired  principally  in  the  case  of  persons  so  placed  as  to  have  the 
general  health  reduced,  and  in  whom  especially  the  respiratory 
functions  do  not  get  justice.  Persons  living  in  close  dwellings,  especi- 
ally when,  at  their  work  in  factories  and  otherwise,  they  are  in  the 
habit  of  breathing  vitiated  air,  in  which,  it  may  be,  finely  divided  dust 
is  abundantly  suspended,  frequently  acquire  a  tendency  to  phthisis 
although  not  originally  predisposed. 

In  relation  to  the  resulting  lesions,  the  Path  of  entrance  of  the  irri- 
tant to  the  lungs  is  a  matter  of  importance.  In  the  studj^  of  the  lesions 
met  with  we  shall  find  that  they  all  start  at  the  finer  bronchi.  A 
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catarrh  of  the  finest  bronchial  tubes,  usually  occurring  in  a  number  of 
these  simultaneously,  is  the  starting  point  of  a  variety  of  lesions,  which, 
however,  for  a  considerable  time  remain  related  to  the  bronchi  in  their 
distribution.  This  is  an  indication  that  the  agent  finds  access  to  the 
lungs  by  the  inspired  air. 

As  a  general  rule  the  bacilli  probably  find  entrance  in  small  numbers 
and  by  accident,  but  there  are  cases  of  a  more  considerable  Insufflation 
of  tubercular  matter.  Thus  in  a  case  observed  by  the  author  a  tuber- 
cular lymphatic  gland  adherent  to  a  bronchus  burst  into  the  bronchus 
with  the  result  of  an  acute  tuberculosis  in  a  limited  district  of  the  Inns. 
There  may  also  be  a  somewhat  rapid  extension  from  insufilation  in 
tuberculosis  of  the  larynx. 

The  Localization  at  the  apex  of  the  lungs  of  the  earliest  lesions 
is  probably  related  to  the  fact  that  the  apices  of  the  lungs  are  the  least 
expansile  portions.  The  first  rib  even  in  women  is  very  little  raised  in 
inspiration,  and  in  persons  with  weak  respiratory  movements  the  air  is 
apt  to  stagnate  at  the  apex.  This  view  receives  some  confirmation  from 
the  fact  that  phthisis  so  frequently  improves  when  the  patients  go  to 
reside  in  high  altitudes  where  the  rarefied  air  requires  more  vigorous 
respiratory  eiforts.  In  such  persons  the  size  of  the  chest  as  a  whole 
generally  undergoes  an  increase.  Remembering  that  the  tubercular 
bacillus  is  of  slow  growth,  we  may  presume  that  it  is  more  likely  to 
obtain  a  footing  when  it  is  left  undisturbed  in  parts  where  the  air  is 
more  or  less  stagnant. 

3.  Anatomical  changes  in  phthisis. — In  studying  the  changes  in 
the  lung  it  will  be  necessary  to  give  descriptions  of  the  various  pro- 
cesses separately,  and  to  a  certain  extent  these  processes  are  separable, 
but  at  the  same  time  it  will  be  understood  that  many  of  them  go 
together  and  by  their  simultaneous  occurrence  frequently  mask  each 
other.  It  may  be  said  in  general  that  the  disease,  beginning  in  the 
finer  bronchi,  tends  to  spread  in  one  of  two  directions,  or  in  both  of 
them  at  once,  namely,  along  the  bronchus  to  the  lung  alveoli,  or  else 
from  the  bronchus  to  the  surrounding  connective  tissue  and  on  into 
the  general  connective  tissue  of  the  lungs.  In  both  cases  we  find 
tubercles  developed  in  all  stages  of  the  process,  and  in  both  there  is 
inflammation,  but  of  different  kinds  according  to  the  structures  involved. 
In  the  one  case  the  inflammation  produces  newformation  of  connective 
tissue  and  consequent  induration.  In  the  other  case  there  is  a  catarrh 
of  the  alveoli,  although  the  alveolar  wall  may  be  at  the  same  time 
involved.  It  is  exceedingly  difficult  to  say  what  determines  the  one 
or  the  other  mode  of  extension,  but  it  is  probable  that  it  depends  on 
individual  peculiarities.    Home  persons  are  peculiarly  liable  to  catarrh 
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of  the  alveoli,  and  some  are  not.  It  is  important  to  observe  that  the 
tubercles  which  occur  in  both  cases  j^artake,  to  a  considerable  extent, 
in  the  peculiarities  of  the  inflammations.  In  the  case  of  extension  to 
the  connective  tissue  the  tubercles  tend  to  undergo  fibrous  transforma- 
tion.   In  the  other  case  they  are  liable  rather  to  caseous  necrosis. 

According  to  the  preponderance  of  one  or  other  of  these  groups  of 
lesions  we  may  distinguish  two  principal  forms  of  phthisis,  which  may 
be  called  the  caseous  and  the  fibroid  forms  respectively. 

(a)  The  Caseous  form. — ^When  the  lungs  are  examined  in  an  ordinary 
case  of  this  kind  after  death  they  are  found  adherent  to  the  chest-wall 
and  they  are  usually  seen  to  be  the  seats  of  several  cavities,  chiefly  in 
the  upper  lobes.  The  cavities  are  of  various  sizes  and  very  ii'regular  in 
outline.  There  are  very  often  one  or  more  large  ones  divided  by 
partial  septa,  evidently  formed  by  the  coalescence  of  several  smaller 
ones.  The  cavities  may  contain  a  curdy  pus,  or  they  may  be  com- 
paratively empty,  but  their  internal  surface  is  usually  coated  more  or 
less  with  a  yellow  curdy  matter.  The  tissue  immediately  around  is 
usually  condensed  and  pigmented. 

It  is  necessary  to  look  away  from  the  cavities  in  order  to  observe  in- 
dications of  the  Initial  lesion.  One  can  nearly  always  distinguish  in 
the  midst  of  the  crepitant  and  comparatively  normal  tissue  isolated 

areas  of  condensation,  such  as  those  illus- 
trated in  Fig.  2.56.  They  can  be  felt  as 
solid  masses  in  the  soft  tissue,  and  on 
section  they  stand  out  above  the  general 
level  of  the  cut  surface.  They  are  usually 
more  or  less  rounded  in  area  and  present 
on  section  indications  of  a  lobular  arrange- 
ment, there  being  a  central  stem  and  bodies 
grouped  round  it  like  grapes  on  a  bunch,  or 
more  correctly  like  the  carpels  of  a  berry. 
The  central  parts  are  generally  whitish  or 
yellow  and  opaque,  and  this  appearance  may 
involve  the  whole  area,  but  the  peripheral 
parts  have  usually  a  grey  translucent  charac- 
ter. The  coalescence  of  areas  having  these 
characters  gives  rise  to  considerable  con- 
densations, in  which  no  such  lobular  arrangement  may  be  visible, 
although  at  the  margins  there  are  generally  indications  of  it. 

On  microscopic  examination  of  the  more  recent  of  the  initial  lesions, 
appearances  will  be  found  which  may  be  illustrated  by  Fig.  257.  The 
lesion  begins  and  centres  in  a  small  bronchus.    The  bronchus  is  plugged 


Fig.  256. — Lobular  condensations 
in  the  caseous  form  of  phthisis. 
Bounded  areas  are  seen  Twhich,  being 
solid,  stand  out  from  the  general 
level.  From  piece  of  lung  in  the 
fresh  state. 
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with  what  is  at  first  merely  an  inflammatory  exudation  (b)  consisting 
of  desquamated  epithelium  and  round  cells.  The  outline  of  the  tube  is 
preserved  (a)  but  its  wall  is  considerably  infiltrated  with  round  cells  (c). 


Fisj.  257.  -Caseous  phthisis;  recent  centre,  a,  wall  of  bronchus  with  pigment  externally;  b, 
plug  in  bronchus ;  c,  round  cells  infiltrating  wall  of  bronchus :  d,  alveoli  filled  with  blood  and 
catarrhal  cells,    x  60. 


The  plugged  bronchi  form  the  central  stems  and  branching  twigs  of  the 
areas  under  consideration,  but  there  is  an  extension  to  the  lung  alveoli 
and  here  also  we  have  the  effects  of  inflammation.  The  inflammation 
is  generally  of  the  parenchymatous  or  catarrhal  character,  and  the 
alveoli  are  occupied  by  large  catarrhal  cells  (Fig.  258)  which  are  the 
derivatives  of  the  alveolar  epithelium.  Sometimes  the  epithelium 
itsolf  is  seen  enlarged  and  it  may  be  desquamating.  Blood  is  very 
often  present  along  with  the  catarrhal  cells,  sometimes  in  such 
abundance  as  to  fill  the  alveoli.  In  the  specimen  of  which  Fig.  257  is 
a  drawing,  for  example,  the  alveoli  contained  much  blood  (see  further 
on  under  Hasmorrhage). 

The  exudation  in  the  alveoli  is  sometimes  more  like  that  of  an  acute 
inflammation,  consisting  to  some  extent  of  round  cells,  and  there  are 
cases  in  which  even  fibrine  is  jiresent. 

Besides  these  inflammatory  conditions  we  have  Tubercles  present  in 
the  affected  parts.  The  bronchial  wall,  as  we  have  seen,  is  infiltrated 
with  leucocytes  which,  as  they  accumulate,  obscure  the  structure  of  the 
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They  also  extend  to  the  connective  tissue  outside  the  bronchial 

wall,  and  to  the  alveolar 
wall.  In  the  midst  of  these 
evidences  of  inflammation 
definite  tubercles  are  visible, 
sometimes  typical  in  every 
respect.  But  they  are  apt 
to  be  somewhat  indefinite 
from  the  existence  of  the 
inflammatorj^  infiltration, 
so  that  only  the  giant-cells 
may  be  definitely  distin- 
guishable. The  giant-cells 
not  infrequently  take  into 
their  substance  the  black 
pigment  of  the  lung  tissue 
and  so  may  be  somewhat 
strikingly  manifest. 

Another  feature  which 
distinguishes  the  process  is 
the  occurrence  of  Caseous 
necrosis.  This  consists,  as 
we  have  seen,  of  the  death 
of  the  structures  accom- 
panied by  the  production 
of  finely  granular  fat.  As 
this  change  reduces  every- 
thing which  it  affects  to  a 


homogeneous  granular  con- 
dition, it  greatly  obscures 
the  structure  and  i-enders 
the  identification  of  the 
individual  elements  very 
difficult.  It  occurs  in  all 
the  structures  alreadj^  de- 
sciibed  as  aflfected  by  the 
the  plug 
fills  the  bronchus, 
Avail,  the 


Fig.  258.— Lung  in  caseous  form  of  plitlii.sis ;  tlie  capil 
lanes  mjeccea  ^8nowll  niacK;;.    At  A  there  are  catarrlial  inflammation 
cells  (0),  ill  alveoli,  and  tlie  capillaries  are  well  filled.    At         .  ' 
B,  the  capillaries  are  loss  injected.    At  C,  caseous  necrosis  which 
has  begun ;  and  at  1),  it  is  complete,  the  structure  being 

here  quite  obscured  in  a  general  granular  opacity,    x  350.   the  brOUchial 
(Hamilton.)  p     ^        i  , 

contents  of  the  alveolus, 
the  alveolar  wall,  and  the  tubercles.  If  the  process  is  not  very 
advanced  then  it  maj-  be  seen  that  the  caseous  necrosis  begins  in 
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the  bronchus,  as  in  Fig.  259,  the  outline  of  the  tube  being  still  visible. 
In  this  illustration  the  change  has  extended  to  the  alveoli  immediately 
around  the  bronchus  and  their  outlines  are  still  obscurely  visible  in  the 


c 


Fig.  259. — Caseous  phthisis;  further  stage,  a,  caseous  centre,  including  plug  and 
bronchial  wall,  rendered  indistinguishable  by  the  caseation ;  6,  alveoli  scarcely  dis- 
tinguishable ;  c,  alveoli  further  out,  filled  with  exudation  and  having  walls  infiltrated. 
X  35. 


midst  of  the  general  granular  appearance.  A  similar  obscuration  of  the 
alveoli  is  seen  in  the  lower  part  of  Fig.  2.58.  Outside  the  caseous  area 
the  alveoli  are  filled  witb  catarrhal  cells  and  their  walls  infiltrated  with 
round  cells.  The  caseous  matter  is  visible  to  the  naked  eye  as  a  yellow 
or  white  opaque  substance  which  is  somewhat  brittle,  and,  like  cheese, 
consists  of  nitrogenous  matter  containing  finely  divided  fat. 

The  dead  caseous  matter  may  lie  for  a  long  time  and  do  little  harm, 
just  as  any  inert  dead  animal  matter  may.  It  may  even  undergo  a 
partial  absorption,  or  with  this  may  be  combined  an  infiltration  with 
lime  salts,  so  that  ultimately  a  cretaceous  mass  remains  embedded  in 
the  lung.  These  processes,  however,  imply  that  the  tubercidosis  has 
ceased  to  be  active  and  that  the  caseous  matter  is  inert.  It  is  more 
usual  to  have  a  disintegration  of  the  caseous  matter. 

Softening  or  breaking  down  of  the  caseous  matter  often  shows  itself ' 
to  the  naked  eye  in  the  central  parts  of  the  caseating  areas.    It  can 
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often  be  determined  under  the  microscope  that  the  softening  is  begin- 
ning in  the  situation  of  the  bronchus,  which  thus  again  proclaims  itself 
the  centre  of  the  process.  In  Fig.  259  there  are  indications  of  a  crum- 
bling of  the  caseous  matter  and  a  partial  separation  so  as  to  leave  cracks 
or  fissures. 

In  this  way  Cavities  are  formed,  and  each  cavity  implies  the  death 
and  destruction  of  a  certain  portion  of  lung  tissue,  usually  invohdng  a 
bronchus  and  surrounding  alveoli.  The  broken-do\ra  caseous  material 
forms  a  grumous  turbid  fluid,  in  which  the  more  resisting  elastic  tissue 
of  the  lung  may  be  found  still  retaining  to  some  extent  the  form  of  the 
alveoli.  This  elastic  tissue  may  be  frequently  recognised  in  the 
sputum  of  such  patients  by  proper  methods  of  search  (see  Fig.  260). 


Fig.  260.— Lung  tissue  from  the  sputum  in  phthisis.  The  sputum  was  digested  iu 
caustic  soda  according  to  Feuwick's  method,  and  then  subjected  to  microscopic  examina- 
tion.   X  350. 


At  first  the  cavity  formed  is  small,  but  by  extension  of  the  process  and 
coalescence  of  neighbouring  softenings,  larger  cavities  result.  These 
cavities  are  very  irregular,  and  their  walls  at  first  ragged  and  ill- 
defined.  The  cavity  sooner  or  later  opens  into  one  or  more  bronchi, 
and  its  contents  are  discharged.  AVhen  the  caseous  material  is  cleared 
out  the  wall  assumes  an  infiammatory  character  and  secretes  pus  more 
or  less  abundantly.  There  may  be  ultimately  a  smoothing  of  the  avails 
of  the  cavities  by  the  formation  of  connective  tissue,  but  there  is  not  the 
regular  lining  membrane  of  the  bronchiectatic  cavity,  nor  the  same 
relation  to  the  bronchi.    In  the  walls  of  such  cavities,  and  in  the 
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mucous  membrane  of  the  bronchi  with  which  they  are  in  communica- 
tion, tubercular  ulcers  may  sometimes  be  distinguished. 

It  may  be  that,  as  Hamilton  suggests,  the  softening  of  the  caseous  matter  is  by  a 
process  akin  to  that  which  occurs  in  the  ripening  of  cheese,  in  which,  according  to 
Duclaux,  certain  insohible  albuminates  become  soluble  in  water. 

The  whole  process  is  sometimes  a  more  acute  one  than  that  indicated 
above.  The  original  exudation  may  approach  in  its  characters  to  pus, 
and  the  process  of  softening  may  present  little  beyond  a  rapid  necrosis 
akin  to  ordinary  necrosis  or  sloughing.  In  these  cases  there  is  some- 
times a  Purulent  peribronchitis.  Suppuration  occurs  in  the  bronchial 
wall  and  in  the  surrounding  tissue,  and,  these  structures  being  broken 
up,  the  cavity  partakes  of  the  nature  of  an  acute  abscess.  Some  of  these 
abscesses  may  be  near  the  surface  and  by  rapidly  undermining  the 
jDleura  cause  it  to  slough.  By  the  separation  of  the  sloughs  the  cavity 
•of  the  abscess  may  come  to  communicate  with  the  pleural  cavity  and 
so  pneumothorax  may  result.  Sometimes  there  is  even  a  gangrenous 
condition  developed,  and  actual  sloughing  of  pieces  of  lung  tissue  occurs. 

Acute  cases  such  as  these  bespeak  a  jDeculiar  virulence  of  the  morbid 
agent  or  a  peculiar  susceptibility  of  the  patient.  They  usually  pass 
rapidly  on  to  a  fatal  issue  with  high  fever.  In  some  cases  recovery 
takes  place,  the  pus  dries-in  or  is  discharged,  and  the  abscesses  become 
surrounded  by  indurated  connective  tissue  and  contract. 

(b)  The  Fibroid  form. — On  post-mortem  examination  in  typical  cases 
■of  this  form  the  lung  is  found  very  firmly  adherent  over  the  affected 
part,  which  nearly  always  includes  the  apex.  One  often  has  to  remove 
with  difficulty  a  dense  leathery  cap  which  covers  the  apex  of  the  lung 
{see  Fig.  261).  On  cutting  into  the  lung  there  are  usually  cavities,  but 
they  are  not  generally  large  and  the  internal  surface  is  mostly  clean  and 
moderately  smooth.  A  distinct  membrane  lines  the  cavity  (c  in  figure). 
Outside  the  cavity  the  tissue  is  of  a  deep  slaty  colour  in  which  opaque 
white  spots  may  be  occasionally  visible,  and  it  is  very  dense.  The  dense 
pigmented  tissue  may  involve  a  considerable  portion  of  the  lung  and  the 
affected  part  is  shrunken  and  contracted  (see  figure). 

Looking  away  from  the  condensed  part  in  which  the  lesion  is  ad- 
vanced, we  find,  as  in  the  caseous  form,  the  advanced  posts  of  the  dis- 
ease in  the  form  of  isolated  condensations  in  the  midst  of  the  crepitating 
normal  tissue.  Here  the  Initial  lesion  is  different  from  that  in  the 
other  form.  It  consists  in  hard  dark  or  nearly  black  solid  bodies,  scat- 
tered through  the  lung  tissue.  On  running  the  finger  over  the  cut 
surface  one  feels  these  bodies  and  they  stand  out  above  the  general 
surface. 
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In  this  form  as  in  the  other  a  plugged  bronchus  will  be  found  to  form 
the  centre  of  the  initial  lesion.  This  is  shown  in  Fig.  262,  which  is  from 


e ' 


Fig.  261.— Upper  lobe  of  lung  in  fibroid  phthisis,  a,  a,  greatly 
thickened  pleura ;  b,  condensed  and  pigmented  tissue ;  c,  cavity  with 
distinct  lining :  d,  bronchial  glands  enlarged  and  pigmented  ;  e,  main 
bronchus.  The  nearness  of  the  bronchus  and  glands  to  the  apex  in- 
dicates the  shrinking.   Near  natural  size. 


Fig.  2U2.— Fibroid  phthisis,  early  lesion.  <(,  o,  bronchial  wall;  4,  6,  projecting 
parts  still  covered  with  epithelium;  d,  d,  round  cells  infiltrating  bronchus ;  t,  exuda- 
tion in  calibre,    x  00. 

the  centre  of  such  a  lesion.    The  bronchus  contains,  as  before,  infiam- 
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inatory  products,  namely,  round  cells  and  desquamated  epithelium. 
The  wall  of  the  bronchus  is  also  infiltrated  with  round-cells,  and  tubercles 
are  present  in  the  wall  and  in  the  surrounding  connective  tissue.  There 
is,  however,  very  little  appearance  of  inflammation  in  the  lung  alveoli, 
and  the  affection  seems  to  advance  rather  by  the  lymphatics  into  the 
connective  tissue  than  along  the  mucous  surface  to  the  alveoli. 

The  distribution  of  the  Tubercles  is  indicative  of  the  advance  in  the 
directions  just  mentioned.  They  are  often  grouped  in  the  neighbour- 
hood of  bronchi,  as  in  Fig.  263,  but  are  also  present  at  some  distance 


Fig.  263.— Fibroid  phthisis,  ft,  a,  tubercles  iu  connective  tissue,  some 
close  to  a  bronchus,  others  removed  ;  the  darker  centres  indicate  casea- 
tion,   b,  ti,  emphysematous  lung  tissue,    x  20. 

{a  to  left  in  figure),  the  process  travelling  by  the  lymphatics.  The 
tubercles  present  in  the  earlier  periods  the  typical  structure,  and  there 
are  frequently  several  giant-cells  in  the  midst  of  them. 

Haemorrhage  is  very  common  here  as  in  the  other  form,  and  it  may 
be  sufficient  to  fill  out  the  alveoli. 

Caseous  necrosis  is  much  less  a  feature  here  than  in  the  other  form, 
but  it  is  usually  present  in  the  plug  which  fills  the  bronchus,  as  well  as 
to  some  extent  in  the  bronchial  wall.  This  is  shown  in  Fig.  264,  in 
which  the  central  part  («)  representing  the  plug  is  homogeneously 
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granular,  while  the  walls  of  the  tube  are  infiltrated  with  round  cells. 
In  some  places  (as  at  c)  there  is  an  aggregation  which  with  a  higher 
power  is  seen  to  be  a  tubercle. 


Fig.  264.— Fibroid  phthisis,     a,  bronchus  plugged  and  caseous ;  6,  6,  wall  of 
bronchus  infiltrated  with  round  cells  and  tubercles ;  c,  tubercle  iu  wall. 

A  feature  present  in  this  form,  but  not  in  the  other,  is  Fibroid  trans- 
formation, Avhich  affects  both  tubercles  and  connective  tissue  and  gives 
its  peculiar  characters  to  this  form  of  phthisis.  The  tubercles  are  con- 
verted into  clear  structureless  bodies  in  which  all  the  elements  of  the 
tissues  are  lost  except,  occasionally,  one  or  two  giant- cells.  These  may 
be  partly  transformed,  but  may  still  be  recognizable,  especially  as  they 
frequently  contain  a  considerable  number  of  black  granules. 

A  similar  fibroid  transformation  aff'ects  the  connective  tissue  around 
the  bronchus  and  extends  to  the  general  stroma  of  the  lung.  There  is 
thus  great  induration  of  the  lung  tissue  and  the  fibrous  tissue  shrinks 
and  produces  great  deformity.  The  shrinking  of  the  tissue,  associated 
as  it  is  with  adhesion  of  the  pleura,  frequently  leads  to  dramng  in  of 
the  chest  wall  which  is  often  a  characteristic  feature,  and  it  leads  also 
to  two  lesions  which  are  often  very  apparent  in  the  lung,  namely, 
bronchiectasis  and  emphysema,  both  of  Avhich  are  complementary. 

Bronchiectasis  is,  in  this  form,  the  most  active  fiictor  in  the  formation 
of  cavities.  It  is  partly  a  purely  comj)lementary  process,  the  shrinking 
being  compensated  by  the  dilatation  of  the  air-spaces.  Hamilton  has 
pointed  out  another  mode  of  formation.  As  the  chest  wall  forms  a  com- 
parativelj^xcd  point  to  which  the  shrinking  tissue  is  attached  by  the 
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pleural  adhesions,  and  as  this  tissue  is  also  attached  to  the  walls  of  the 
bronchi,  the  result  of  the  shrinking  will  be  that  these  two  points  will  be 
approximated,  the  chest  wall  drawn  in  and  the  bronchial  wall  drawn  out. 
There  is  a  third  way  in  which  bronchiectasis  occurs.  The  secretions 
may  accumulate  in  a  bronchus  behind  an  occlusion  of  the  tube.  Such 
an  occlusion  will  occur  when  the  primary  lesion  has  affected  a  bronchus 
of  larger  calibre  than  usual,  or  where  the  shrinldng  tissue  has  constricted 
a  bronchus. 

The  Bronchiectatic  cavity  will  be  lined  with  a  distinct  membrane, 
and  vnW  usually  be  directly  continuous  with  a  bronchus  (see  Fig.  261). 
It  may  exist  in  the  midst  of  crepitating  lung  tissue,  the  complementary 
dilatation,  being  in  a  part  not  affected  by  the  tuberculosis. 

Emphysema  is  a  frequent  accompaniment  of  the  process.  Whenever 
a  piece  of  lung  escapes  the  fibroid  change,  it  is  liable  to  emphysema  on 
account  of  the  shrinking  in  its  neighbourhood.  Hence  in  the  midst  of 
the  shrunken  tissue  one  often  sees  islands  of  lung  tissue  having  a  honey- 
combed appearance  (see  Figs.  263  b  and  265). 

Another  occasional  result  of  the  shrinking  is  a  formation  of  Cyst-like 
cavities  in  the  pleura,  as  shown  in  Fig.  265.    The  shrinking  of  the 
lung,  dragging  the  adherent  pleura  with  it,  may 
cause  spaces  to  form  in  the  pleura,  or  even  in 
the  interlobular  septa  (as  at  c),  these  spaces  being 
filled  Avith  serous  fluid. 

Pigmentation  is  a  peculiarly  prominent  feature 
in  fibroid  phthisis.  Even  the  initial  lesion  is 
characterized  by  the  almost  black  colour  of  the 
nodules,  and  the  indurated  tissue  has  a  slaty  or 
blackish  colour  {slatij  induration).  Perhaps  the 
explanation  of  this  is  that  the  carbonaceous  pig- 
ment (see  further  on)  is  retained  by  the  affected 
bronchi  and  not  swept  outwards  by  the  cilia  of 
the  epithelium. 


The  caseous  and  fibroid  forms  of  phthisis  are 
in  general  distinguishable.  They  have  certain 
points  in  common,  chiefly  in  respect  that  each 


Fig.  2C5.— Fibroid  phthisit. 


1      •  •,i       T_  r  £         J.   1  T      cysts  in  pIoLini  from  shrink- 

begins  with  a  bronchitis  oi  the  hner  tubes,  and  ingofiung;  o,  emphysema;  c-, 
that  each  is  characterized  by  the  presence  of  '^1^  %iuMJ"'"°''^^"" 
tubercles.  In  the  one  form,  however,  the  bronchial  inflammation 
extends  to  the  proper  parenchyma  of  the  lung,  constituting  a  Lobular 
broncho-pneumonia,  whereas  in  the  other  it  is  more  localized  around 
the  inflamed  bronchus,  constituting  a  tubercular  Bronchitis  and  Peri- 
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bronchitis.  There  is  the  further  distinction  that  in  the  one  form  caseous 
necrosis  is  characteristic,  whereas  in  the  other,  while  probably  present 
in  most  cases,  it  is  limited  in  extent  and  may  be  confined  to  the  contents 
of  the  bronchi  and  the  bronchial  wall. 

The  difference  is  probably  due  to  differences  in  the  individual  pro- 
clivities of  the  persons  affected.  In  the  fibroid  form  the  disease  is  more 
chronic,  the  persons  affected  are  as  a  general  rule  older,  and  it  occurs 
more  frequently  in  the  male  sex.  All  these  facts  point  to  the  conclusion 
that  in  this  form  there  is  greater  resistance  on  the  part  of  the  tissues  to 
the  morbid  poison.  This  is  confirmed  by  the  resemblance  which  the 
process,  in  some  respects,  presents  to  that  which  is  concerned  in  the 
healing  of  phthisis.  It  may  be  said  that  in  the  caseous  form  the  tissues 
are  directly  killed  by  the  progress  of  the  disease,  sometimes  with  great 
rapidity,  whereas  in  the  fibroid  form  there  is  a  long  struggle  and  very 
little  palpable  softening  or  destruction. 

This  being  the  case  it  may  be  inferred  that  the  two  forms  are  not 
absolutely  distinguishable.  They  run  into  each  other,  and  the  caseous 
form  may  assume  many  of  the  characters  of  the  fibroid,  especially  when 
it  becomes  very  chronic  or  partial  recovery  takes  place. 

The  Sputum  in  phthisis  pulmonalis  is  variously  composed.  In  the  earlier  stages 
the  expectoration  has  the  usual  characters  of  that  in  catarrh,  consisting  of  mucus, 
with  more  or  less  abundant  leucocytes.  In  the  sputum  in  this  early  stage  are  often 
found  large  epithelioid  cells  with  one  or  more  nuclei,  such  as  we  find  in  the  lung 
alveoli  in  the  catarrhal  form  of  phthisis.  These  cells  frequently  present  fatty  de- 
generation. Considerable  weight  has  sometimes  been  attached  to  the  presence  of 
such  cells  as  evidence  of  the  existence  of  the  disease  in  its  early  stage,  and  their  dis- 
covery may  be  useful  in  this  respect ;  but  as  they  may  exist  in  simple  catarrhs  their 
diagnostic  value  may  be  overrated.  The  sputum  in  i^hthisis  often  contains  Elastic 
tissue  from  the  breaking  down  of  the  lung.  In  very  rapid  cases  we  may  find  this  by 
a  simple  examination  of  the  sputum,  but  the  search  is  often  a  difficult  one,  because 
the  thick  mucus  and  pus  hold  the  pieces  of  lung  tissue  suspended  and  isolated.  By 
Fen  wick's  method  of  digestion  in  soda  solution,  pieces  of  lung  tissue,  such  as  that 
.sho%vn  in  Fig.  260,  will  frequently  be  found  in  the  deposit.  This  method  is  also 
applicable  to  the  sputum  in  gangrene  of  the  lungs.  The  Tubercular  bacillus  is 
usually  to  be  found  in  the  sputum,  and  is  sometimes  of  great  diagnostic  value.  The 
appearances  are  shown  in  Fig.  52,  p.  198,  and  have  been  described  already. 

4.  Extension  of  the  tuberculosis  in  phthisis  pulmonalis. — In  both  of 
the  forms  already  described  it  has  been  shown  that  the  tuberculosis, 
beginning  in  the  finer  bronchi,  extends,  on  the  one  hand,  to  the  lung 
alveoli,  and  on  the  other,  to  the  connective  tissue.  Besides  that,  how- 
ever, there  are  further  extensions  both  in  the  lung  and  beyond  it. 

An  existing  cavity,  especially  one  arising  from  disintegration  of  caseous 
matter,  is  a  great  source  of  infection,  its  contents  being  charged  with 
tubercular  bacilli.   The  infective  matter  will  be  carried  from  the  cavities 
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and  will  be  partly  insufflated  into  other  parts  of  the  lungs  and  partly 
•discharged.  It  thus  causes  an  extension  of  the  disease  in  the  lung  itself, 
and  is  liable  to  infect  the  air  passages  as  it  is  carried  along. 

Hence,  Tuberculosis  of  the  bronchi  is  very  frequent  in  connection 
with  cavities,  the  mucous  membrane  becoming  the  seat  of  tubercular 
ulcers.  If  the  bronchial  tubes  be  opened  up,  the  ulcers  are  visible  as 
more  or  less  rounded  erosions,  sometimes  with  distinct  white  tubercles 
■at  their  borders. 

A  further  extension  to  Larynx  and  Trachea  is  very  common,  and  from 
these,  by  way  of  oesophagus  and  stomach,  to  the  Intestine. 

There  is  also  an  extension  by  the  lymphatics,  so  that  in  nearly  all 
•cases  of  phthisis  the  Bronchial  lymphatic  glands  are  affected.  The 
condition  here  is  similar  in  character  to  that  in  the  lungs.  In  the 
caseous  form  the  glands  are  caseous,  resembling  closely  the  appearances 
in  ordinary  scrofulous  glands.  In  the  fibroid  form  they  are  liable  to  be 
more  or  less  fibrous  and  deeply  pigmented.  Tubercles  are  present  in 
the  glands,  sometimes  in  the  most  typical  form.  In  some  cases  the 
bronchial  glands  soften,  but  in  others  the  caseous  matter  becomes 
impregnated  with  lime  salts,  so  that  it  is  not  uncommon  to  meet  with 
hard  cretaceous  matter  at  the  roots  of  the  lungs. 

5.  Healing  of  phthisis. — It  is  to  be  remembered  that  tuberculosis  is 
<lue  to  an  infective  material,  whicb  usually  goes  on  reproducing  itself. 
In  the  healing  of  tubercular  lesions  generally  there  are  two  methods 
which  may  be  followed,  and  in  phthisis  pulmonalis  we  have  examples 
of  each  of  these.  On  the  one  hand,  the  infective  matter  may  be 
cleared  out  and  the  parts  around  become  the  seat  of  simple  inflamma- 
tory processes,  or  on  the  other  hand,  the  caseous  matter  may  have  its 
infective  character  overcome  and  be  left  as  a  piece  of  innocuous  dead 
matter  in  the  tissues.  In  either  case,  so  far  as  the  lung  is  concerned, 
there  is  implied  an  increase  in  the  vigour  of  the  parts,  so  that  the  infec- 
tive character  of  the  matter  may  be  annulled. 

When  a  cavity  forms  by  the  softening  of  the  caseous  matter,  there  is 
generally  a  further  extension  as  shown  above,  but  in  some  cases  the 
body  has  attained  such,  vigour  that  the  further  extension  is  hindered. 
In  that  case  the  wall  of  the  cavity  comes  to  be  composed  of  healthy 
granulation  tissue,  which  develops  into  connective  tissue  as  in  the  ordin- 
ary cicatrix.  If  the  cavity  is  so  situated  as  that  contraction  can  occur, 
then  there  may  be  a  shrinking  till  it  is  completely  obliterated,  and  a 
Cicatrix  takes  its  place.  On  the  other  hand,  circumstances  may  allow 
of  only  partial  contraction,  and  a  cavity  or  cyst  ma,y  remain  in  the  midst 
of  the  cicatrix. 

In  other  cases  the  caseous  matter  fails  to  soften,  the  disease  is  checked 
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before  cavities  arc  formed,  and  in  that  case  we  have  necrosed  structures- 
lying  in  the  lung.  In  this  case  granulation  tissue  is  formed  around  the 
dead  matter,  and  may  partly  eat  into  it.  By  development  into  con- 
nective tissue  a  capsule  is  formed  around  the  dead  matter,  and  the 
latter  will  by  and  by  become  impregnated  with  lime  salts,  so  that  ulti- 
mately particles  of  lime  or  considerable  pieces  of  cretaceous  matter  Avill 
be  present  in  the  midst  of  a  cicatrix. 

It  is  worthy  of  note  that  the  connective  tissue  formed  in  both  these 
forms  of  healing  is  deeply  pigmented,  so  that  in  this  respect  the  processes- 
are  comparable  to  those  concerned  in  fibroid  phthisis. 

Healing  by  one  or  other  of  these  processes  is  by  no  means  uncommon.  In  the 
course  of  post-mortem  examinations  one  very  frequently  meets  with  pigmented  cica- 
trices, often  with  chalky  particles  in  their  midst,  at  the  apices  of  the  lungs,  the 
pleura  being  adherent  over  the  affected  parts. 

If,  after  healing,  a  return  of  the  disease  takes  place,  the  chalky  matter  may  after- 
wards be  separated,  and  such  pieces  have  been  known  to  be  spit  up. 

6.  Haemorrhage  in  phthisis.— Haemoptysis  is  one  of  the  most  common 
manifestations  in  phthisis.  It  is  necessary  to  distinguish  between  an 
early  and  a  late  haemorrhage. 

(a)  Early  haemorrhage. —In  examining  the  initial  lesion  in  phthisis, 
whether  in  the  caseous  or  fibroid  form,  it  is  common  to  meet  ^vith  alveoli 
filled  with  blood,  presenting  an  appearance  very  similar  to  that  shown 
in  Fig.  251,  which  is  from  a  haemorrhagic  infarction  of  the  lung.  The 
blood  may  be  so  abundant  and  occupy  so  many  alveoli,  as  to  give  quite 
the  character,  in  some  cases,  of  the  haemorrhagic  infarction. 

The  blood  here  comes  from  the  pulmonary  capillaries,  escaping  by 
diapedesis;  it  does  not  arise  by  insufflation,  else  it  would  be  more  mixed 
with  air  and  broken  up.  The  homogeneous  complete  filling  of  the 
alveoli  implies  a  regular  leakage  which  gradually  expels  the  air.  The 
blood  also  is  often  in  alveoli  which  are  little  altered  othermse,  and  it  is 
present  in  a  considerable  group  of  alveoli  together. 

These  facts  would  indicate  a  local  interference  with  the  circulation  as 
a  cause  of  the  haemorrhage.  Such  an  interference  is  liable  to  occur  from 
the  proximity  of  the  branches  of  the  pulmonary  artery  to  the  bronchi. 
The  arteries  and  bronchi  run  to  a  large  extent  parallel,  their  sheaths  con- 
tinuous, and  the  inflammatory  changes  in  and  around  the  bronchi  which 
form  such  an  important  part  of  the  initial  lesion  may  well  exercise  pres- 
sure on  the  arteries.  This  view  is  confirmed  by  the  fact  that  in  general 
tuberculosis  of  the  lung  a  similar  haemorrhage  is  very  often  present, 
sometimes  to  a  very  aggravated  extent.  In  this  aff'ection  the  tuber- 
culosis is  usually  intimately  related  to  the  arteries,  so  that  there  will  be 
&  direct  interference  with  them. 
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In  any  case  the  hfemorrhage  is  part  of  the  initial  lesion,  and  it  is 
known  that  the  appearance  of  blood  in  the  sputum  is  often  a  very  early 
sign  of  phthisis. 

As  the  hfemorrhage  is  associated  witli  the  earliest  lesions  it  may  occur  at  a  time 
when  no  symptoms  of  disease  in  the  lungs  are  present,  and  may  be  the  apparent 
starting  point,  although  not  really  so.  By  some  the  occurrence  of  haemorrhage  has 
been  regarded  as  sometimes  the  origin  of  phthisis,  a  view  which  has  been  expressed 
by  the  term  Phthisis  ab  hcemoptoe.  This  view  is  without  adequate  foundation,  and 
the  haamoptysis  is  probably,  in  every  case,  evidence  of  the  existence  of  the  initial 
lesion.  It  is  not  improbable,  however,  that  the  occurrence  of  haemorrhage  may 
accelerate  the  progress  of  the  disease,  as  the  bacilli  may  possibly  find  in  the  blood  a 
suitable  nidus,  and  so  exhibit  a  more  rapid  growth. 

(b)  Late  hEemorrhage.— The  haemorrhage  just  described  may  occur  at 
intervals  throughout  the  coiirse  of  the  disease,  but  in  advanced  cases  a 
much  more  considerable  and  not 
infrequently  fatal  heemorrhage  is 
liable  to  occur.  In  this  case  the 
bleeding  arises  by  Rupture  of 
branches  of  the  pulmonary  artery 
which  have  been  partially  ex- 
posed in  the  walls  of  cavities. 

As  a  general  rule  the  arteries 
in  the  walls  of  cavities  are  oblit- 
erated, more  especially  in  the 
caseous  form,  but  where  oblit- 
eration has  not  completely  oc- 
curred, the  wall  of  the  artery 

1    .                         till  Fi?-  26r).— Aneurysm  in  a  bronchiectatic  cavity, 

bemg  unsupported  and  perhaps  a  probe  has  been  introduced  into  the  artery,  and  is 

_  x-j.        1  1      ■   u            i        •   cii-  visible  througlithegaping  aperture  in  the  aneurysm. 

SOltened  by  intiammatory  infaltra-  it  is  also  indicated  dose  to  the  wall  of  the  bronchus 

•     T  1,1     i        •                    T)  beyond  the  cavity. 

tion  IS  liable  to  give  way.  Be- 
fore the  actual  rupture  the  vessel  wall  usually  bulges  out,  so  as  to  form 
an  Aneurysm  (see  Fig.  266).  In  this  figure  the  cavity  is  a  bronchi- 
ectatic one,  and  its  wall  was  comparatively  unaltered,  the  aneurysm 
having  arisen  purely  from  want  of  support.  In  the  caseous  form  there 
is  softening  of  the  wall  of  the  artery,  and  the  aneurysm  has  not  such  a 
definite  sac  as  in  this  case. 

In  cases  of  this  kind  the  haemorrhage  is  often  very  great,  but  even  in 
the  case  of  a  considerable  tear  it  may  be  stilled  by  the  blood  coagulating 
in  the  cavity  and  forming  a  kind  of  cap  over  the  aperture. 

7.  Affections  of  the  pleura  in  phthisis. — From  the  intimate  connec- 
tion of  the  pleura  with  the  lung  it  may  1)e  expected  that  it  will  fre 
quently  be  afFccted  in  phthisis. 

The  lymphatic  system  of  the  lung  does  not  apparently  communicate 
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directly  with  the  cavity  of  the  pleura,  so  that  although  a  tuberculosis  may 
extend  to  the  subpleural  tissue  it  does  not  directly  affect  the  pleural 
sac. 

The  relations  of  the  pulmonary  lymphatics  to  the  pleura  are  shown  by  the 
locality  of  the  carbonaceous  pigment  in  the  lungs.  This  carbonaceous  pigment 
is  carried  about  and  deposited  wherever  there  are  communicating  lymphatics, 
and  it  is  often  abundant  in  the  subpleural  tissue ;  but  it  never  penetrates  into 
the  sac  itself.  On  the  other  hand,  there  seems  to  be  a  communication  in  the 
opposite  direction  from  the  pleura  to  the  interlobular  connective  tissue.  This  is 
shown  by  the  fact  that  in  tubercular  pleurisy,  there  is  a  certain  penetration  from 
the  pleura  into  the  lung.    (See  under  Tubercular  Pleurisy.) 

While  tuberculosis  does  not  extend  to  the  pleura,  because  it  implies 
the  passage  of  solid  bodies  (the  bacilli),  there  are  very  commonly  simple 
inflammatory  processes,  which  depend  on  the  extension  of  the  dissolved 
products.  Such  products  being  present  in  the  connective  tissue  of  the 
lung  may  readily  soak  into  the  pleura. 

Chronic  pleurisy  is  a  constant  occurrence,  giving  rise,  as  in  other 
cases  of  chronic  inflammation,  to  ne^vformation  of  connective  tissue. 
The  pleura  over  a  tubercular  lung  is  nearly  always  thickened,  sometimes 
greatly  so  (as  in  Fig.  261),  and  the  two  laj^ers  are  almost  constantly 
adherent.  The  two  layers  are  not  only  adherent,  they  have  really 
coalesced,  and  their  blood-vessels  intercommunicate,  so  that  if  the  vessels 
on  either  side  be  obstructed  the  pleura  may  be  still  nourished  from  the 
other.  The  thickening  and  adhesion  are  conservative  processes,  shutting 
off  the  diseased  lung  from  the  general  pleural  sac.  It  is  when  these 
conditions  fail  to  occur  that  we  commonly  have  the  more  serious  pleural 
lesions,  acute  pleurisy  and  pneumothorax. 

Acute  pleurisy  is  a  frequent  concurrent  in  cases  of  phthisis,  especially 
in  the  caseous  form.  It  implies  that  the  lesion  in  the  lung  has  come  to 
the  surface  at  a  place  where  adhesion  of  the  pleura  has  not  yet  taken 
place.    This  will  be  most  frequent  in  early  periods  and  in  acute  cases. 

The  acute  pleurisy  is  often  connected  with  Necrosis  of  the  pleura. 
The  pleura  is  nourished  by  the  pulmonary  vessels,  and  as  these  are 
occluded  and  necrosed  when  involved  in  the  caseating  lesion,  the  pleura 
will  be  involved  in  the  necrosis  in  so  far  as  it  is  related  to  the  occluded 
vessels.  At  the  very  outset  of  a  caseous  phthisis  one  of  the  afi"ected 
areas  may  be  immediately  beneath  the  pleura,  and  we  maj'^  have  a 
necrosis  before  there  has  been  time  for  the  formation  of  adhesions.  In 
this  way  we  may  explain  many  of  the  cases  in  which  pleurisy  has 
apparently  preceded  the  pulmonary  disease.  In  all  acute  cases  we  are 
liable  to  have  necrosis  of  the  pleura,  and  it  is  not  uncommon  to  find 
quite  a  number  of  dead  white  areas  visible  on  the  surface,  each  indicat- 
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ing  an  area  of  necrosis,  generally  concealed  to  some  extent  by  a  layer  of 
fibrine,  the  result  of  the  inflammation. 

The  mere  exposure  of  a  necrosed  piece  of  pleura  seems  to  induce  an 
acute  pleurisy,  perhaps  by  allowing  the  penetration  of  irritating  juices 
such  as  the  living  structures  intercept.  The  acute  pleurisy  is  of  the  usual 
kind  (see  further  on)  accompanied  by  fibrinous  exudation,  but  it  is 
usually  limited  by  existing  adhesions.  Through  time  the  acute  inflamma- 
tion will  subside  and  a  chronic  pleurisy  with  adhesion  result. 

Pneumothorax  also  implies  necrosis  of  the  pleura,  but  there  is,  in 
addition,  a  partial  separation  of  the  dead  piece  and  the  establishment  of 


Fig.  267. — Lower  part  of  lung  and  pleura  from  pneumothorax.  There 
are  three  apertures  caused  by  necrosis  of  pulmonary  jjleura. 


a  communication  between  the  pleural  sac  and  the  air  passages.  This 
infers  the  existence  of  a  cavity  beneath  the  necrosed  piece  of  pleura  and 
not  merely  a  caseous  area.  The  necrosed  piece  begins  to  separate  at 
one  edge,  and  then  the  pneumothorax  suddenly  occurs.  As  death  often 
occurs  in  consequence  of  a  pneumothorax,  one  not  infrequently  has  the 
opportunity  of  observing  the  condition  in  this  stage.  If  the  patient 
survive,  then  the  whole  piece  is  detached  and  apertures  are  left  in  the 
pleura  such  as  those  shown  in  Fig.  267. 
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Along  with  pneumothorax  there  is  an  acute  pleurisy.  If  it  has  not 
occurred  in  consequence  of  the  necrosis,  then  it  will  ensue  when,  by  the 
separation,  some  of  the  contents  of  the  j^ulmonary  cavity  pass  into  the 
pleural  sac.  These  two  conditions,  acute  pleurisy  and  pneumothorax, 
are  thus  closely  related,  both  of  them  being  connected  with  necrosis  of 
pleura.  They  also  occur  in  relation  with  the  advanced  outposts  of  the 
pulmonary  lesion,  and  are  hence  liable  to  develop  in  connection  with 
the  less  affected  lung  or  portion  of  lung,  and  by  causing  serious  damage 
to  the  lung  on  which  the  patient  chiefly  depends  for  respiration,  they 
often  induce  very  serious  and  even  fatal  dyspnoea. 

8.  General  effects  of  phthisis. — In  its  general  influence  on  the  body 
phthisis  pulmonalis  is  of  great  importance. 

Its  most  constant  eff'ects  are  Emaciation  and  Anasmia,  the  former  of 
which,  as  we  have  seen,  was  the  main  element  in  suggesting  the  name 
phthisis.    These  conditions  have  their  source  chiefly  in  fever. 

Fever  is  an  almost  constant  accompaniment  of  phthisis,  altogether 
apart  from  any  general  tuberculosis.  It  is  to  be  referred  to  the 
presence  in  the  blood  of  the  various  products  evolved  in  the  course  of 
the  local  processes.  These  consist  in  part  of  the  products  of  the  specific 
microbes,  which  will  pass  into  the  blood,  even  when  the  microbes  them- 
selves do  not.  There  will  also  be  the  products  of  the  disintegration  of 
blood,  and  of  inflammatory  exudations,  such  as  those  in  pleurisy.  In 
pulmonary  cavities  again,  various  forms  of  decomposition,  putrid  and 
other,  are  liable  to  occur,  and  the  products  naturally  lead  to  fever. 

Amyloid  disease  occurs  in  about  a  fourth  of  the  cases  of  phthisis,  and 
is  more  frequent  iDroportionally  in  the  fibroid  than  in  the  caseous  form. 
It  usually  affects  the  sisleen,  kidneys,  liver,  intestine,  and  lymiDhatic 
glands,  but  there  are  great  difi"erences  in  its  distribution  and  extent. 
It  may  be  absent  in  any  one  of  the  situations  mentioned  while  present 
in  the  others,  or  it  may  be  greatly  exaggerated  in  one  while  very  incon- 
siderable in  others.  (See  the  author's  "Lectures  to  Practitioners.")  It  is 
typically  present  in  the  spleen  in  the  majority  of  cases,  and  takes  the 
form  of  the  sago  spleen. 

Disease  of  the  kidneys  is  a  frequent  concomitant  of  phthisis.  It  may 
be  amyloid  disease,  complicated  (as  amyloid  disease  regularly  is)  with 
chronic  nephritis,  or  it  may  be  a  tuberculosis.  On  the  other  hand  there 
is  not  uncommonly  a  nephritis,  sometimes  iti  an  acute  or  subacute  form 
so  as  to  produce  enlargement  with  fatty  epithelium,  sometimes  in  a  more 
chronic  form,  with  contraction  and  granulation  of  the  kidneys. 

In  cases  of  amyloid  disease  the  mere  jii^esence  of  the  amjdoid  material 
may  induce  chronic  inflammation,  but  there  is  a  considerable  number 
of  cases  in  which  nephritis  is  present  in  an  acute  form.     In  these 
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cases  we  may  suppose  that  the  prochicts  from  the  disintegrating  processes 
going  on  in  the  lungs  lead,  by  their  discharge  through  the  kidneys,  to 
an  inflammation  of  these  organs  (see  author,  1.  c). 

General  tuberculosis  not  infrequently  follows  jjhthisis  pulmonalis. 
We  have  seen  that  the  disease  in  the  lungs  is  a  local  tuberculosis,  and 
as  a  general  rule  it  extends  along  mucous  surfaces  and  lymphatic 
channels.  In  a  considerable  proportion  of  cases,  however,  the  tubercu- 
lar bacilli  to  some  extent  reach  the  blood  and  are  carried  throughout  the 
body.  If  the  liver  be  examined  microscopically  there  will  often  be 
found  a  few  tubercles,  generally  in  various  stages  of  degeneration. 
There  are  also  not  infrequently  a  few  tubercles  in  the  kidneys  visible 
to  the  naked  eye.  We  sometimes  meet  even  with  a  more  considerable 
tuberculosis  in  the  kidney  and  elsewhere,  constituting  a  Chronic  gen- 
eral tuberculosis  (see  p.  206),  especially  in  children. 

Acute  general  tuberculosis  is  a  less  frequent  result  and  is  generally 
due  to  a  definite  extension  of  the  local  tuberculosis  to  a  branch  of  the 
pulmonary  vein  which  has  not  become  occluded  by  the  advancing 
lesion  (see  p.  207).  It  may  also  arise  by  an  extension  of  the  tuberculosis 
from  the  bronchial  glands  to  the  thoracic  duct. 

Literature. — The  literature  of  phtMsis  is  very  extensive.  The  older  literature  vrill 
be  found  in  Waldenbueg,  Tuberculose,  Lungenschwindsucht  u.  Scrofulose,  1869. 
See  further,  Caeswell,  Illustrations  of  path,  anat.,  1838;  Vibchow,  Lehrb. 
d.  spec.  Path.  i. ;  Nieiibtee.  Klin.  Vortr.,  1867 ;  Bdhl,  Lungenentz.  Tuberc.  u. 
Schwindsucbt,  1872;  Euhle  and  Eindfleisch,  Ziemssen's  Handb.,  v.;  Weigeet, 
Virch.  Arch.,  Ixxvii.,  Ixxxviii.,  civ.;  Koch,  Etiology  of  tuberculosis,  Syd.  Soc.  transl., 
1886  ;  Baumgaeten,  Tuberkel  und  Tuberculose,  1885  ;  Weichselbaum,  (Inhalation) 
Wien.  Med.  Wochenschr.,  1883  ;  Tappeinee,  Virch.  Arch.  Ixxiv.  and  Ixxxii.;  Zusgler, 
iVolkmann's  Samml.  No.  151,  and  Lehrb;  ILmiLTON,  Path,  of  bronchitis,  etc., 
1883 ;  Ewaet,  (Position  of  cavities)  Gulstonian  lectures,  1882,  in  Brit.  Med.  Jour.; 
Thompson,  Fanaily  phthisis,  1884 ;  Jaccodd,  Curability  of  pulm.  phthisis,  1885  ; 
Powell,  Dis.  of  lungs  and  pleura,  1886;  Williams,  Pulmonary  consumption,  1887  ; 
Kmc,  (Distrib.  of  bacilli  in  the  lung)  Med.  chir.  trans.,  Ixviii.,  1885 ;  Yeo,  (Contagious- 
ness) Brit.  Med.  Jour.  1885,  i.;  Coats,  Lect.  to  practitioners,  1888 ;  Gebilun  See, 
Bacillary  phthisis ;  James,  Pulmonary  phthisis,  1888;  Dobell,  Bacillary  consump- 
tion, 1889. 

IX.— DISEASES  FROM  INHALATION  OF  DUST.  PNEUMOCONIOSIS. 

Carbonaceous  pigment  in  the  lungs. — The  lungs  of  all  adults  have 
more  or  less  of  a  grey  coloiir  from  the  existence  of  a  black  pigment  in 
the  lung  tissue.  This  pigment  is  absent  from  the  lungs  of  children,  and 
is  undoubtedly  the  dust  inhaled  with  the  respired  air.  The  air 
of  all  confined  spaces,  such  as  rooms,  is  loaded  with  finely  divided 
particles,  particularly  in  cities  where  coal  is  burnt  extensively,  and  this 
attains  its  maximum  in  the  black  fogs  of  such  cities  as  London  and 
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Glasgow.  The  particles  of  dust  inhaled  with  the  air  are  for  the  most 
part  caught  by  the  mucus  with  which  the  surface  of  the  bronchial  tubes 
is  moistened,  and  as  the  ciliated  ei^ithelium  plays  in  the  direction 
towards  the  larynx,  the  dust-laden  mucus  is  carried  upwards  to  the 
larynx,  where  it  is  either  expectorated  or  swallowed.  No  doubt  when 
the  air  is  unusually  laden  with  dust  the  mucous  secretion  is  increased, 
and  those  who  live  in  cities  know  that  when  the  Aveather  is  thick  a 
considerable  mass  of  black  mucus  is  brought  up  from  the  larynx  in  the 
morning,  the  busy  cilia  having  swept  it  thither  during  the  hours  of  sleep. 

But  some  of  the  dust  penetrates  beyond  the  reach  of  those  scavengers 
and  passes  into  the  lung  alveoli,  where  it  lodges.  From  the  lung  alve- 
oli it  penetrates  into  the  lung  tissue.  It  is  to  be  remembered  that  the 
structure  of  the  alveolus  is  somewhat  like  that  of  a  serous  membrane. 
There  is  a  single  layer  of  epithelium,  and  some  have  even  described 
stomata  or  pseudo-stomata  as  existing.  At  any  rate  the  dust  particles 
penetrate  through  or  between  the  epithelial  cells  and  emerge  into  the 
lymph  spaces  of  the  alveolar  wall.  Having  entered  the  lymphatic 
system  of  the  lung,  the  dust  is  carried  into  all  the  communicating 
channels  of  that  system,  and  is  partially  deposited  and  retained  as  it 
goes  by  the  connective-tissue  cells.  In  this  way  a  kind  of  pigmentation 
of  the  entire  lymphatic  system  of  the  lung  is  obtained,  which  for 
demonstration  may  serve  the  purposes  of  an  injection  of  that  system. 
In  this  conveyance  of  the  dust  particles  the  leucocytes  which  are  always 
present  in  the  lymphatic  spaces  probably  play  an  important  part.  The 
parts  pigmented  are,  the  walls  of  the  alveoli,  the  interstitial  connective 
tissue,  especially  that  around  the  jjulmonary  artery  and  the  bronchi, 
and  the  subpleural  tissue,  which  is  often  definitely  demarcated  from  the 
pleura  proper  by  the  pigmentation.  The  pigment  is  also  carried  to 
the  bronchial  glands  at  the  root  of  the  lungs,  which  are  more  or  less 
blackened.  This  pigment  is  a  carbonaceous  material  consisting  mostly 
of  round  particles,  and  is  to  a  great  extent  the  soot  of  coal. 

While  the  light  dust  of  the  air,  reaching  the  lungs  in  small  quantities, 
does  comparatively  little  harm,  we  may  have  damage  done  when  large 
quantities  or  dust  of  a  specially  irritating  character  reach  the  lungs. 
Hence  a  distinct  class  of  diseases  has  been  distinguished  as  due  to 
inhaled  dust. 

Diseases  due  to  inhaled  dust.— This  subject  has  been  very  fully 
worked  out  in  this  country  by  Greenhow,  and  in  Germany  by  Zenker 
and  Merkel.  The  results  of  the  inhalation  depend  largely  on  the 
mechanical  character  of  the  dust.  If  it  be  heavy  and  composed  of 
sharp  angular  particles,  then  it  is  more  irritating  than  if  it  be  light  and 
composed  of  rounded  pieces. 
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The  particles  entering  the  lung  tissue  in  the  manner  mentioned 
above  act  as  foreign  bodies  and  set  up  a  chronic  inflammation.  There 
is  great  newformation  of  connective  tissue,  as  in  chronic  interstitial 
pneumonia,  and  great  shrinking  of  the  tissue,  so  that  considerable 
deformity  of  the  lung  may  occur.  As  the  irritant  finds  access  by  the 
air  passages  the  lesion  in  its  earlier  stages  concentrates  itself  around 
the  bronchi.    This  is  shown  in  Fig.  268,  in  which  it  is  seen  also  that  the 


c 


Fig.  268.  —From  potter's  lung.  «,  Bronchiis  compressed  and  nar- 
rowed ;  6,  two  of  its  cartilages  ;  c,  c,  condensed  and  pigmented  hmg 
tissue  ;  d,  lung  alveoli,  stretched  and  enlarged,  some  with  pigment  in 
them  ;  /,  lung  alveoli  emphysematous,    x  8. 


lung  alveoli  are  subject  to  great  contortion  (at  d),  and  that  in  the  neigh- 
bourhood they  are  liable  to  emphysema  (at/). 

The  dust,  whatever  its  kind,  may  be  visible  in  the  midst  of  the  lesion 
in  the  lung.  It  was  the  observation,  by  Zenker,  of  a  red  pigmentation 
of  the  lung  in  workers  with  the  red  oxide  of  iron,  which  furnished  an 
absolute  demonstration  that  the  dust  actually  finds  its  way  into  the  lung 
tissue.  We  may  find  in  the  lung,  coal  dust,  the  dust  of  potter's  clay, 
soot  from  smoky  lamps,  stone  dust,  metal  dust,  and  dust  composed  of 
cotton  or  woollen  fibre.  In  Fig.  269  a  collection  of  silicious  i^articles 
from  the  lung  of  a  worker  in  a  pottery  is  shown. 

A  peculiar  feature  in  almost  all  cases  of  disease  from  inhalation 
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Fig.  269. — Silicious  particles  in  potter's  lung. 
X  340. 


of  dust  is  the  presence  of  an  excess  of  Black  pigment  in  the 
-  lung.    In  some  cases  the  inhaled 

-v^v-^^..  dust  is  black,  so  that  a  condition 

of  anthracosis  is  brought  about. 
But  even  when  the  dust  is  not 
black,  as  in  the  jjotter's  lung, 
the  affected  districts  of  lung  are 
deeply  pigmented.  The  reason 
of  this  is  not  quite  apparent. 

Various  names  are  given  to 
the  forms  of  lesion  according  to 
the  kind  of  dust  inhaled . 

The  Coal-miner's  lung  has  an 
almost  coal-black  colour,  and 
Avhen  incised  it  yields  a  black  juice  which  stains  the  hand.  The  dust 
here  is  finely  divided  coal  and  the  soot  from  the  smoky  lamps  used 

in  mines.  The  pigment  is  in  the  con- 
nective tissue,  but  it  is  often  present  also  in 
the  lung  alveoli,  where  it  may  be  taken 
into  the  substance  of  catarrhal  cells  (see 
Fig.  270).  There  is  not  usually  much  in-, 
duration  of  the  coal-miner's  lung,  as  the 
dust  is  not  physically  very  irritating.  The 
term  Anthracosis  is  given  here  owing  to  the 

"^fnf  "ai^Ltsln'^Xlt^i"^^  extremely  black  appearance  presented. 

—   

'  Coal  miners  are  subject  to  catarrh,  and  the  ex- 
pectoration is  usually  stained  so  as  to  form  the 
Black  spit.  It  is  noteworthy  that  on  a  recurrence 
of  catarrh,  even  years  after  the  patient  has  ceased  working  in  the  pits,  the  black 
spit  will  return.  The  pigment  stored  up  in  the  lung  tissue  will  return  to  the  alveoli 
and  bronchi.  This  would  indicate  that  a  bronchial  catarrh  goes  deeper  than  the 
mucous  membrane.   The  agents  in  the  return  of  the  pigment  will  be  the  leucocytes. 

Potter's  phthisis  is  a  term  used  for  a  very  frequent  form  of  disease 
amongst  potters.  The  dust  here,  consisting  of  heavy  angular  particles, 
seems  very  irritating,  and  excites  much  chronic  inflammation. 

Stone-mason's  lung  resembles  the  potter's  form,  as  does  also  knife- 
grinder's  disease. 

The  connection  of  these  forms  of  disease  with  phthisis  is  a  point  of  some  impor- 
tance. A  true  tuberculosis  may  possibly  be  induced  by  the  inhalation  of  irritating 
dust.  There  is,  however,  little  evidence  of  that,  and  undoubtedly  the  great  majority 
of  cases  of  lung  disease  from  inhalation  of  dust  are  quite  different  from  phthisis. 
There  is  no  formation  of  tubercles,  no  caseation,  seldom  any  formation  of  cavities, 


Black  particles  are  seen,  some  angu 
lar,  and  others  rounded.  The  lar^e 
catarrhal  cells  contain  many  par- 
ticles.   X  350. 
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jilthough  they  sometimes  form  by  bronchiectasis.  There  is  also  the  important 
clinical  difference  that  persons  affected  with  such  diseases  do  not  suffer  in  their 
general  health  as  tubercular  patients  do.  There  is  little  or  no  fever,  and  the 
patients  generally  work  on  for  many  years  till  the  dyspnoea  incapacitates  them 
(Greenhow,  Coats). 

Literature. — Gregory  and  Christison,  Edin.  Med.  Jour.,  xxxvi.  389, 1831;  Hamil- 
ton and  Graham,  ibid.,  xliii.  297,  1834;  Thomson,  Med.  chir.  trans.,  1840,  xx.  and 
xxi. ;  Zeniver,  Deutsch.  Arch.  f.  klin.  Med.,  ii.  116 ;  Arlidge,  On  the  diseases 
prevalent  among  potters.  Social  Science  Cong.,  1871 ;  Greenhow,  Path,  trans., 
1866  to  1869  ;  Coats,  in  Lect.  to  pract.,  1888,  p.  150. 

X.— ACUTE  MDjL&JIY  TUBEECULOSIS,  SYPHILIS,  ACTINOMYCOSIS, 

GLANDEES. 

Acute  miliary  tuberculosis. — This  condition  has  been  discussed  at  page 
■207.  The  tubercular  virus,  being  present  abundantly  in  the  blood,  pro- 
duces very  marked  lesions  in  the  lungs.  As  the  virus  is  brought  by  the 
blood,  the  lesions  are  generally  homogeneously  distributed  throughout 
iDoth  lungs,  and  are  intimately  related  to  the  finer  branches  of  the  pul- 
monary artery. 

The  Irmgs  are  found  studded  from  apex  to  base  with  innumerable 
small  bodies,  generally  vrhitish  in  colour.  There  is  in  addition  a  general 
hypersemia  of  the  lungs. 

Under  the  microscope  it  can.be  seen  in  most  cases  that  the  tubercles 
are  formed  in  connection  with  arteries.  A  small  artery  will  generally 
be  seen  at  the  edge  or  running  directly  into  a  tubercle.  The  tubercle 
has  the  usual  structure,  which  is  frequently  obscured  in  the  central 
parts  by  caseous  necrosis  (see  Fig.  55,  p.  207). 

The  lung  tissue  generally  shows  some  reaction  in  the  neighbourhood 
of  the  tubercles.  The  alveoli  are  frequently  occupied  by  catarrhal  cells 
as  in  phthisis,  and  there  is  very  often  blood  in  them.  The  latter  is  so 
abundant  in  some  cases  as  to  give  a  very  striking  character  to  the 
sections.  As  the  cases  are  very  acute  and  death  occurs  early,  we 
practically  never  find  softening  of  the  tubercles  and  formation  of  cavities, 
even  minute  ones. 

Syphilis  is  a  very  rare  aff"ection  of  the  lungs,  especially  in  adults.  It 
is  somewhat  more  common  in  new-born  children,  in  whom  it  may  be 
one  of  the  manifestations  of  hereditary  syphilis. 

In  adults  we  sometimes  meet  with  gummata  in  the  lungs,  and  these 
arc  surrounded  by  connective  tissue.  There  may  even  be  a  softening 
of  the  gummata  and  formation  of  cavities. 

White  pneumonia  is  the  name  given  to  the  condition  met  with  in 
infants.    It  is  a  condition  in  which  extensive  tracts  of  lung  tissue  arc 
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condensed  and  infiltrated  by  a  newformation  of  connective  tissue,  the 
condition  resembling  that  in  chronic  interstitial  pneumonia. 

Actinomycosis,  when  affecting  the  lungs,  presents  lesions  which  may 
resemble  those  of  tuberculosis  somewhat  closely.  As  in  tuberculosis  the 
microbe  reaches  the  lungs  by  the  bronchi,  and  it  sets  up  a  bronchitis  and 
lobular  pneumonia.  There  is  not  a  caseous  necrosis  of  the  products,  but 
rather  a  more  direct  softening  with  fatty  degeneration  and  suppuration, 
resulting  in  the  formation  of  cavities.  In  other  cases,  however,  the 
conditions  may  resemble  those  of  fibroid  phthisis,  there  being  over  an 
extensive  tract  of  lung  a  newformation  of  granulation  tissue  which 
develops  into  connective  tissue  and  goes  on  to  shrinking. 

The  disease  tends  to  go  beyond  the  lung  to  the  pleura,  pericardium, 
muscles  of  chest,  skin,  etc. 

The  peculiar  microbe  is  present,  and  in  some  cases  it  has  been  dis- 
tinguished in  the  expectoration. 

Glanders  may  aflfect  the  lung  by  extension  from  the  nares  and  air- 
passages,  possibly  also  by  the  blood.  It  leads  to  local  inflammatory 
foci,  which  may  be  small  or  large.  The  inflammation  is  usually  acute 
and  abscesses  result,  but  sometimes  there  is  a  more  chronic  affection 
with  caseation  and  formation  of  cavities. 

XI.— TUMOUES  AND  PAEA.SITES  IN  THE  LUNGS. 
Primary  tumours  of  the  lungs  are  infrequent. 

Primary  fibroma,  osteoma,  liponia,  and  enchondroma  have  "been  ob- 
served in  'the  form  of  small  tumours,  sometimes  multiple.  These  arc 
unimportant. 

Primary  cancer  is  a  form  of  tumour  which  sometimes  attains  to  con- 
siderable size.    The  tumour  seems  to  take  origin  in  the  mucous  glands 


Fijf.  271. — From  ii  ijrimary  cancer  of  tl>e  lung,  sliowing  ex- 
teusiun  by  the  perivascular  lymphatics,  a,  section  of  pulmon- 
ary artery ;  6,  b,  canderous  growth  in  lymphatics. 

of  the  bronchi,  and  it  usually  retains  somewhat  of  the  glandular  charac- 
ter throughout,  presenting  in  many  cases  the  features  of  the  Cylinder- 
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celled  epithelioma.  The  tumour  may,  for  a  time  at  least,  confine  itself 
to  the  bronchi  and  their  neighbourhood,  infiltrating  the  peribronchial 
connective  tissue.  But  it  will  often  extend  to  the  parenchyma  of  the- 
lung,  forming  in  some  cases  bulky  tumours. 

In  its  extension  the  tumour  will  sometimes  extend  into  the  lung; 
alveoli.  On  the  other  hand,  it  often  forms  for  itself  alveoli  similar  in 
size  to  those  of  the  lung,  but  of  independent  origin.  It  penetrates  into- 
the  perivascular  lymphatic  spaces  still  more  than  into  the  lung  alveoli, 
and  may  often  be  detected  filling  up  these  around  the  vessels  as  in 
Fig.  271.  This  appearance  is  sometimes  visible  a  considerable  distance 
in  advance  of  the  edge  ef  the  tumour. 

The  cancer  sometimes  extends  to  neighbouring  structures  such  as  the 
pericardium,  the  wall  of  the  heart,  etc. 

The  cancer  in  the  lung  has  a  tendency  to  soften  so  as  to  form  Cavities, 
in  whose  wall  cancerous  tissue  may  be  found.    In  some  cases  most  of 
the  cancerous  tissue  from  the  primary  tumour  may  be  lost  by  this  pro- 
cess of  softening. 

The  author  has  recorded  a  case  in  which  a  very  peculiar  secondary  extension  oc- 
curred to  the  bones  and  to  the  brain.  In  these  two  situations  the  tumours  assumed 
remarkable  cystic  tendencies,  so  that  in  the  brain,  they  were  represented  chiefly  by 
cysts  (see  Fig.  236,  p.  584).  These  cysts  occurred  apparently  by  mucous  or  colloid 
change  although  in  the  primary  tumour  in  the  lung  there  was  little  such  change. 

Secondary  tumours  are  somewhat  frequent,  either  by  direct  extension 
from  the  neighbourhood  or  by  embolism. 

We  have  most  frequently  Malignant  lymphomas,  originating  in  the 
bronchial  glands  and  extending  into  the  lung.  The  newformation  follows 
the  connective  tissue  of  the  lung,  and  we  find  it  penetrating  in  a  radiat- 
ing manner  from  the  root,  often  burying  the  bronchial  tubes  in  a  sheath 
of  new-formed  tissue  and  partially  or  completely  obstructing  them. 
Sarcomas  originating  in  the  mediastinum  may  spread  in  a  similar  fashion, 
but  this  is  rare. 

Of  the  tumours  arising  by  embolism,  sarcoma  and  cancer  are  the 
chief  forms,  although  chondromas  have  also  been  known  to  extend  to  the 
lungs  in  this  way. 

Sarcomas,  as  we  know,  sometimes  joenetrate  directly  into  the  veins, 
and  portions  being  carried  to  the  right  heart  are  caiight  in  the  branches 
of  the  pulmonary  artery  or  capillaries.  The  secondary  tumours  in  the 
lung  are  multiple  and  they  repeat  exactly  the  structure  of  the  jn'imary 
one.  Thus  we  have  giant-celled,  round-celled,  and  spindle-celled  sar- 
comas. A  tolerably  frequent  form  is  the  pigmented  sarcoma.  The 
Enchondroma  also  not  infrequently  undergoes  secondary  development, 
especially  in  connection  with  tumours  of  the  testis. 
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Cancers,  as  we  have  seen,  do  not  readily  penetrate  into  the  veins 
directly.  Finding  an  easier  path  by  the  lymphatics  they  nearly  always 
first  develop  in  the  lymphatic  glands.  After  a  time  the  cancerous  tissue 
may  penetrate  from  the  lymphatic  sinuses  in  the  gland  into  the  veins, 
or  they  may  possibly  penetrate  directly  from  the  primary  tumour  into  the 
latter,  and  the  material  is  carried  on  to  the  lungs.  As  the  cancer  is  usually 
arrested  for  a  considerable  time  at  the  lymphatic  glands,  it  happens  that 
in  all  forms  of  cancer  secondary  tumours  in  the  lungs  are  of  late  devel- 
opment. As  the  secondary  tumours  are  in  the  lymphatic  glands  we 
may  regard  those  in  the  lungs  as  of  a  tertiary  order.  Further,  the 
material  which  produces  these  tumours  often  passes  to  some  extent 
through  the  wide  capillaries  of  the  lung  and  on  into  the  systemic  arteries, 
so  that  we  may  have  tertiary  tumours  occurring  at  the  same  time  in  a 
variety  of  organs.  The  tumours  in  the  lung  arc  multiple  and  they 
repeat  the  structure  of  the  primary  tumoiu'  whatever  be  the  variety  of 
cancer  which  has  formed  it. 

That  these  tertiary  cancers  form  by  embolism  was  readily  seen  in  a  case  -which 
occurred  to  the  author,  and  which  may  here  be  briefly  related.  It  illustrates  as  well 
the  tendency,  which  tumours  even  of  this  order  show,  of  the  cancerous  masses  to 


_  Fig.  272.— Embolic  cancer  of  lung.  One  of  the  spaces  filled 
with  epithelial  cells.  There  is  n  larger  space  with  two  branches 
into  which  the  epithelial  cells  have  extended,    x  90. 


penetrate  into  existing  spaces  and  canals.  The  primary  tumour  was  a  cancer  of  the 
stomach,  and  secondary  growths  had  occurred  in  the  prevertebral  glands.  One  of 
these  glands  was  adherent  to  the  vena  cava,  and  several  radicles  of  this  vein  emerged 
from  the  midst  of  cancerous  glands.  Actual  cancerous  thrombi  of  some  of  these 
veins  were  detected  by  the  naked  eye,  and  under  the  microscope  it  was  seen  that  the 
cancerous  masses  had  partially  penetrated  into  the  venous  radicles  in  the  glands.  On 
examining  the  lungs  with  the  naked  eye  it  could  be  seen  from  the  surface  that  the 
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newformation  was  largely  in  the  lymphatic  vessels  which  could  be  seen  as  "a  white 
network.  On  section  the  arteries  were  usually  seen  to  be  surrounded  by  new-formed 
tissue.  Under  the  microscope  it  was  seen  that  the  finer  branches  of  the  pulmonary 
artery  were  frequently  obstructed.  The  obstructing  material  was  not  entirely  can- 
cerous in  structure.  There  was  often  a  round-cell  formation  with  now  and  again  a 
distinctly  cancerous  appearance.  In  most  cases  the  obstruction  was  complete.  Out- 
side the  obstructed  arteries  there  were  spaces  and  canals  filled  with  cancerous 
growths,  as  shown  in  Fig.  272.  These  were  obviously  the  lymphatic  channels  of  the 
sheath  of  the  vessels  into  which  the  cancerous  formation  had  penetrated,  just  as  it 
does  in  primary  cancer  (see  Fig.  271). 

Parasites  in  the  lung. — These  are  of  very  rare  occurrence,  unless  we 
include  microbes  which  have  already  been  considered.  A  fungus  of  the 
Aspergillus  form  has  been  found  in  a  few  cases,  in  cavities,  and  in  the 
expectoration  in  some  cases  {Mijcosis  of  the  lung). 

Of  animal  parasites,  Echinococcus  is  most  frequently  seen.  There 
may  be  perforation  of  the  cyst  into  bronchus,  pleura,  or  peritoneum. 
The  parasite  is  generally  situated  in  the  lower  lobe.  Cysticercus 
cellulosae  has  also  been  observed. 

Amongst  rare  parasites  in  the  lung  may  be  mentioned  one  case  of  a 
long  round  worm,  the  Strongylus  longevaginatus,  found  in  a  child  six  years 
of  age  (Diesing).  It  is  also  said  that  in  Egypt  the  eggs  of  distomum 
haematobium  are  found  in  the  interstitial  tissue.  Manson  and  Baelz  also 
describe  a  distomum  pulmonale  as  occiu-ring  in  Japan.  There  may  be 
twenty  of  the  worms  found  in  the  lungs,  and  each  in  a  separate  cavity 
which  communicates  with  a  bronchus.  The  worms  are  about  three 
eighths  of  an  inch  in  length,  and  their  eggs  appear  in  the  sputum  of  the 
patients,  which  also  contains  blood. 

Literature. — Tumours — Eokitansky,  Handbuch,  iii. ;  Viechow,  Geschwiilste,  ii. ; 
Eberth,  (Cancer)  Virch.  Arch.,  xlix.;  Langans,  ibid.,  liii.;  Peels,  ibid.,  Ivi.;  Weich- 
SELBATJM,  ibid.,  Ixxxv.;  Finlay  and  Paekee,  Med.  chir.  trans.,  Ix.;  Machiaeava,  Riv. 
clin.  di  Bologna,  1874 ;  Coats,  Path,  trans.,  1888,  xxxix.  326.  Parasites.  Mycosis — 
Viechow,  Virch.  Arch.,  ix.  and  x.;  Fijebeingeb,  ibid.,  Ixvi.  Echinococcus — Thomas, 
Brit.  Med.  Jour.,  188.5,  ii.  692 ;  Laveean,  Kyst.  hydat.  des  poumous,  1885.  Round 
worms — Manson,  Lancet,  1883 ;  Baelz,  Berl.  klin.  Wochenschr.,  1883. 

C. — The  Pleura. 

1.  Affections  of  the  circulation. — There  can  scarcely  be  any  inde- 
pendent circulatory  disturbances  in  the  pleura.  Passive  hypersemia 
exists  in  cases  of  severe  dyspnoea,  and  this  may  result  even  in  sub- 
pleural  hsemorrhages  producing  Petechise.  which  are  regarded  as  of 
diagnostic  significance  in  death  from  suffocation. 

HsBmorrhage  into  the  pleural  sac  arises  as  a  result  of  wounds, 
rupture  of  aneurysms,  and  sometimes  from  tubercular  or  cancerous  new- 
formations  in  the  pleura. 
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Hydrothorax  is  a  dropsy  of  the  pleural  sac.  Most  frequently  it  is 
part  of  a  general  dropsy,  as  in  Bright's  disease,  cardiac  disease,  or 
anaemia.  Malignant  tumoui's,  especially  cancers,  produce  hydrothorax 
just  ,as  they  produce  accumulation  in  the  peritoneal  sac.  As  cancers 
spread  along  the  lymphatic  spaces  it  may  possibly  be  that  the  dropsy 
results  from  obstruction  of  these.  The  exudation  consists  of  clear  watery 
fluid.  It  is  often  limited  by  adhesions,  which  latter  may  also  be 
■dropsical.  The  lung  is  compressed  in  proportion  to  the  amount  of 
fluid. 

Chylous  hydrothorax  is  a  rare  form,  arising  from  rupture  of  the 
thoracic  duct  (see  p.  434). 

2.  Inflammations  of  the  pleura.  Acute  pleurisy.— We  have  seen 
that  Avhenever  any  form  of  inflammation  comes  to  the  surface  of  the  lung 
it  causes  inflammatory  changes  in  the  pleura ;  there  is  acute  pleurisy  in 
acute  pneumonia  and  in  caseous  phthisis,  and  chronic  pleurisy  is  a 
constant  accompaniment  of  all  forms  of  phthisis  pulmonalis. 

On  the  other  hand,  the  pleura  seems  to  have  intimate  connections 
with  the  peritoneum,  as  there  are  lymphatic  channels  passing  through 
the  diaphragm  which  form  communications  between  the  two  sacs. 

These  channels  are  doubtless  intricate  and  narrow,  so  that  the  diaphragm  acts  to 
a  certain  extent  as  a  barrier  between  the  two  sacs,  but  it  is  not  sufficient  to  j)revent 
the  passage,  for  instance,  of  the  tubercular  virus  from  the  one  to  the  other.  A 
tubercular  peritonitis  is  nearly  always  accompanied  by  a  tubercular  pleurisy, 
perhaps  limited  to  the  lower  parts  of  the  sac.  Similarly  a  septic  peritonitis  has 
usually  a  dependent  pleui-isy.  Tumours  of  the  peritoneum  also  frequently  lead  to 
similar  formations  in  the  pleura. 

Besides  these  we  may  have  pleurisy  occurring  in  the  course  of  some 
acute  diseases,  such  as  acute  rheumatism,  pyaemia,  etc.  In  some  cases 
there  seems  to  be  a  more  independent  pleurisy,  produced,  as  it  is  said, 
by  cold.  It  is  probable,  hoAvever,  that  many  cases  of  apparent  simple 
pleurisy  either  owe  their  origin  to  tuberculosis  of  the  lung  (see  ante) 
or  are  themselves  tubercular  in  character. 

There  is  often  a  localized  pleurisy  occurring  in  a  limited  area,  just  where  the  pleura 
is  most  directly  exposed  to  the  effects  of  cold,  namely,  in  the  left  lower  lateral  region. 
In  this  position  the  chest  is  not  covered  by  any  considerable  layer  of  muscles,  as  the 
fleshy  masses  of  the  latissimus  dorsi  and  pectoralis  major  passing  upwards  to  the  arm 
leave,  as  it  were,  an  unprotected  space  covered  by  the  comparatively  thin  origins  of 
the  serratus  magnus  and  external  oblique  muscle  of  the  abdomen.  This  part  is  also 
removed  from  the  centre  of  heat  in  the  heart,  and  on  the  left  side  instead  of  the 
liver  there  is  the  hollow  stomach.  On  the  right  side  the  liver  is  a  source  of  heat, 
and  renders  the  corresponding  part  on  this  side  less  exposed  to  cold  than  that  on  the 
left,  but  still  more  exposed  than  most  other  parts  of  the  chest.  It  is  probable  that, 
in  these  localities  especially,  cold, .  acting  directly  on  the  chest  wall,  may  cause  an 
inflammation  of  the  pleura  by  depressing  the  temperature. 


ACUTE  PLEURISY. 


687 


In  its  Anatomical  details  acute  pleurisy  is  closely  analogous  to 
acute  pericarditis.  There  is  hyperemia,  soon  followed  by  a  thin 
fibrinous  deposit.  This  fibrinous  exudation,  forming  a  soft  yellow  layer, 
often  attains  to  a  considerable  thickness,  forming  shaggy  projections 
from  the  pleural  surface  especially  in  the  region  of  the  lower  lobe. 
Serous  fluid  is  also  exuded,  sometimes  in  considerable  abundance. 
The  exudation  in  some  cases  is  hsemorrhagic  in  character. 

If  the  inflammation  goes  on  there  is  a  newformation  of  vascular 
granulation  tissue  which  may  come  to  replace  the  fibrine.  If  two  such 
surfaces  are  in  contact,  by  absorption  of  the  serous  fluid  or  otherwise, 
coalescence  occurs  and  complete  union  of  the  surfaces,  the  granulation 
tissue  afterwards  developing  into  connective  tissue.  We  have  already 
seen  that  the  fluid  accumulated  in  the  pleural  sac  frequently  compresses 
the  limg  greatly,  producing  collapse  of  it. 

Empyema  is  a  suppurative  inflammation  of  the  pleura.  It  may 
develop  from  an  ordinary  pleurisy  or  the  inflammation  may  have  been 
suppurative  from  the  outset.  In  the  latter  case  there  has  usually  been 
some  specially  virulent  irritant  present  in  the  pleura,  as  where  a 
metastatic  abscess  in  the  lung  has  approached  the  pleura,  or  where 
pleurisy  is  one  of  the  phenomena  of  septicaemia.  In  these  cases  the 
disease  is  generally  rapidly  fatal,  and  we  may  find  remains  of  the 
fibrinous  exudation  mixed  with  abundant  pus. 

Where  the  suppuration  has  come  on  in  the  course  of  a  simple 
pleurisy  the  disease  is  often  greatly  prolonged,  and  the  pleura  under- 
goes great  thickening,  being  converted  into  a  bulky  layer  of  granula- 
tion tissue  like  the  wall  of  an  abscess.  The  granulation  tissue  may 
undergo  partial  transformation  into  connective  tissue  with  occasional 
adhesion,  and  as  the  lung  has  been  comjoressed  by  the  exudation  we 
may  have  drawing  together  of  the  chest  to  an  extreme  degree,  should 
the  pus  be  discharged  or  partially  absorbed.  The  pus  may  dry-in  in- 
stead of  being  discharged  or  absorbed.  In  that  case  it  is,  in  course  of 
time,  impregnated  with  lime  salts,  so  that  considerable  masses  of 
calcareous  matter  may  be  found  free  in  the  pleura  or  embedded  in 
adhesions. 

3.  Chronic  pleurisy  and  Pleural  adhesions. — Wo  have  already  seen 
that  an  acute  pleurisy  may  result  in  adhesion  of  the  sac,  the  process  of 
adhesion  resulting  from  coalescence  of  the  surfaces  which  have  become 
like  granulation  tissue  from  the  inflammation.  Such  adhesion  will  not 
occur  so  long  as  fibrine  is  present  on  the  surface,  and  is  to  be  carefully 
distinguished  from  the  mere  gluing  which  may  occur  in  the  earlier 
stages  from  the  adhesion  of  the  fibrinous  exudation  on  opposed  surfaces. 
We  have  also  seen  that  in  the  frequent  chronic  pleurisy  of  phthisis 
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a  similar  adhesion  occurs,  and  the  method  of  its  occurrence  is  similar. 
Without  any  fibrinous  or  serous  exudation  the  surfaces  come  to  have 
the  characters  of  granulation  tissue  and  coalescence  with  vascular  com- 
munication occurs. 

3.  Tuberculosis  of  the  pleura. — This  manifests  itself  chiefly  as  an 
inflammation  of  the  pleura,  and  hence  is  identical  vdth  Tubercular 
pleurisy. 

The  tubercular  bacillus  does  not  usually  reach  the  pleura  directly 
from  the  lung  in  phthisis  pulmonalis,  the  pleurisy  associated  with 
phthisis  being  usually  non-tubercular.  On  the  other  hand,  the  infection 
may  reach  the  pleura  by  a  local  extension  from  the  pericardium  or 
peritoneum,  from  a  tubercular  lymphatic  gland  at  the  root  of  the  lung, 
or  from  a  tubercular  abscess  in  connection  vsdth  the  vertebrae.  It  may 
also  be  conveyed  by  the  blood. 

Tuberculosis  generally  manifests  itself  at  first  as  an  acute  or  sul> 
acute  inflammation,  accompanied  by  abundant  fibrinous  exudation, 
sometimes  mixed  -with  blood.  The  tubercles  are  buried  under  the 
exudation  which  may  be  very  tough,  and  they  may  escape  detection 
unless  the  fibrine  be  peeled  off".  They  are  often  best  seen  between  the 
lobes  of  the  lung,  where  the  close  contact  of  the  surfaces  hinders  the 
deposition  of  fibrine,  and  here  they  are  visible  as  closely  set  white 
nodules.  The  inflammation  may  go  on  to  suppuration  so  that  we  may 
have  an  empyema. 

The  acute  character  usiially  subsides  after  a  time,  and,  with  chronic 
inflammation,  newformation  of  connective  tissue  occurs,  forming  firm 
adhesions  in  the  midst  of  which  the  tubercles  may  be  found.  As  in 
the  case  of  tubercular  pericarditis,  the  adherent  and  coalesced  pleura 
will  show  two  layers  of  tubercles,  one  belonging  to  the  pulmonary  and 
the  other  to  the  parietal  layer. 

There  may  be  a  partial  extension  of  the  tuberculosis  into  the  lung, 
along  the  interlobular  septa,  but  it  is  a  very  superficial  process. 

4.  Pneumothorax. — This  has  been  referred  to  in  connection  with 
phthisis  pulmonalis,  and  the  mode  of  origin  there  indicated  is  that  in 
the  great  majority  of  cases.  Of  the  remainder  there  are  some  in  which 
it  is  due  to  empyema — the  visceral  pleura  having  softened  and  the  lung 
having  become  ulcerated  so  as  to  communicate  with  the  pleura, — and 
others  in  which  it  is  due  to  gangrene  of  the  lung,  or  to  metastatic 
abscesses,  or  to  the  bursting  of  emphysematous  vesicles,  or  to  a 
traumatic  cause. 

The  air  in  the  pleural  cavity  is  usually  at  a  high  pressure  and  the 
cavity  is  much  distended,  so  that  when  the  chest  is  opened  the  air 
rushes  out  with  some  force.    The  pleural  cavity  as  exposed  presents  a 
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remarkably  empty  appearance,  the  lung  being  compressed  except  where 
there  are  adhesions,  which  may  form  tense  bridges  across  from  parietal 
to  visceral  layer  or  may  limit  the  pneumothorax  considerably.  If  the 
patient  live  there  is  nearly  always  an  acute  suppurative  pleurisy,  so 
that  the  condition  may  be  designated  Pyo-pneumothorax. 

Experimental  observation  seems  to  show  that  the  air  may  be 
absorbed,  and  this  is  confirmed  by  actual  clinical  observation. 

5.  Tumours  of  the  pleura. — Primary  tumours  are  rare,  but  cases  of 
osteoma  and  of  lipoma  have  been  recorded. 

Primary  cancer  occurs  in  the  pleura,  forming,  according  to  some. 
Endothelial  cancer.  In  most  of  the  recorded  cases  there  has  been 
great  thickening  of  the  pleura  and  the  tumour  formation  was  in  some  ap- 
parently related  to  the  lymphatics.  The  pleura  also  presented  generally 
the  appearances  of  acute  inflammation  with  fibrinous  exudation.  In 
some  cases  there  was  metastasis  to  other  organs. 

In  a  case  observed  by  tlie  author  there  were  numerous  tumours  on  the  pleura, 
and  also,  by  coalescence,  larger  masses,  forming  a  layer  of  considerable  thiclmess. 
The  tumours  were  almost  continuous  over  the  pleura  and  there  was  no  tumour  any- 
where else.  Tte  sac  was  greatly  distended  with  a  blood-coloured  fluid  measuring 
140  ounces,  which  had  deposited  a  loose  brown  coagulum.  During  life  the  case 
resembled  one  of  acute  pleurisy  with  great  effusion.  Paracentesis  was  twice  per- 
formed, and  a  bloody  fluid  withdrawn. 

Microscopic  examination  showed  the  tumour  to  be  a  superficial  cancer  of  the 
pleura.  There  was  the  usual  stroma  enclosing  epithelial  cells,  which  were  fre- 
quently fatty.  The  tumours  were  not  at  all  deep  in  the  substance  of  the  pleura, 
there  being  always  a  layer  of  connective  tissue  beneath  them.  (See  Glasg.  Med.  Jour., 
July,  1889.) 


2  X 


690 


SECTION  V. 

DISEASES  OF  THE  THYEOID  AND  THYMUS  GLANDS. 

A.  — The  Thyroid  Gland.— 1.  Basedow's  disease.    2.  Goitre  or  Bronchocele ,-  co7i- 

nection  with  Cretinism  ;  consists  of  hypertrophy  and  adenoma  ;  colloid  change 
usually  present ;  fibrous  induration  and  calcification.  3.  Tumours.  4.  Myx- 
oedema  ;  an  affection  chiefly  of  skin  and  subcutaneous  tissue,  hut  affecting  other 
parts  ;  depends  on  atrojMc  disease  of  thyroid  ;  may  be  from  excision  of  gland 
{cachexia  strumipriva)  ;  conjiection  tvith  Cretinism  ;  producible  by  experiment. 

B.  — The  Thymus. — Its  various  diseases. 

A. — The  Thyroid  Gland. 

rpHE  thyroid  gland  consists  of  saccules  of  various  shapes  lined  with 
epithelium.    Its  function  is  unknown. 
The  gland  is  liable  to  inflammations,  and  has  been  the  seat  of  syi^hilitic 
and  tubercular  newformations,  but  these  do  not  present  any  special  char- 
acters.   The  more  important  diseases  are  characterized  by  enlargement. 

1.  Basedow's  disease  {Graves'  disease,  Exophthalmic  goitre). — In  this  the 
condition  of  the  thyroid  gland  is  only  part  of  the  morbid  phenomena. 
The  eyeballs  are  prominent,  the  heart  liable  lo  excitement,  and  the 
thyroid  is  enlarged  and  vascular.  The  disease  seems  to  be  due  to  a 
lesion  of  the  vaso-motor  nervous  system,  and  the  thyroid  shows  after 
death  no  constant  lesion.  It  has  been  found  hypertrophied,  or  abnor- 
mally vascular  or  cystic,  but  also  in  many  cases  normal. 

2.  Goitre.  Bronchocele,  (also  called  in  Gevmtin  Struma  and  Kropf).— 
This  disease  consists  in  an  enlargement  of  the  thyroid,  which,  occurring 
as  it  does  chiefly  in  certain  specific  localities,  is  ascribed  to  an  unknown 
miasma.  Goitre  is  sometimes  associated  with  the  peculiar  condition  of 
Cretinism,  in  which  idiocy  is  associated  Avith  a  stunted  and  deformed 
condition  of  body.  By  some  the  cretinism  is  ascribed  to  the  same 
miasma  as  goitre.  It  may  be  that  several  morbid  poisons  are  capable 
of  producing  goitre,  and  that  one  of  them  may  induce  cretinism  as  well, 
but  there  are  localities  where  goitre  occurs  without  cretinism.  There 
are  also  cases  of  Cretinism  in  adults  characterized  chiefly  by  myx- 
cedema,  in  which  the  thyroid  is  aifected. 
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The  lesion  in  goitre  is  primarily  an  increase  of  the  normal  gland 
tissue.  This  has  sometimes  the  characters  of  a  simple  Hypertrophy, 
the  saccules  being  multiplied  (Fig.  273,  c,  c).    In  other  cases  the  new- 


Pig.  273.— From  an  indurated  goitre,  a,  Tiiickeiied  capsule  ;  b, 
thickened  trabecula  ;  c,  hypertrophiedglaud  tissue  ;  d,  an  isolated 
and  necrosed  piece  of  gland  tissue  (adenoma),    x  20. 

formed  tissue  is  discontinuous,  occurring  in  the  form  of  isolable 
tumours  in  the  midst  of  the  gland.  To  this  form  the  name  Adenoma 
is  given  (see  d  in  figure).  In  many  cases  hypertrophy  and  adenoma 
co-exist. 

In  both  forms  the  tissue  is  liable  to  secondary  changes.  An  almost 
constant  condition  is  colloid  degeneration.  Some  saccules  nearly 
always  contain  colloid  matter  due-  to  a  metamorphosis  of  the  epithe- 
lium, and  in  many  cases  there  are  many  saccules  greatly  enlarged  and 
distended  with  this  substance.  When  this  is  sufficient  to  give  a 
character  to  the  naked-eye  appearances  the  term  Colloid  goitre  is  used. 
Some  of  the  altered  saccules  may  assume  preponderating  dimensions  so 
that  Cysts  develop. 

The  affected  gland  not  infrequently  undergoes  Fibrous  induration 
(as  in  Fig.  273) ;  the  capsule  and  the  connective-tissue  septa  become 
thickened.  In  the  midst  of  the  fibrous  tissue  pieces  of  gland  tissue 
which  have  undergone  necrosis  may  be  visible  (as  at  c  in  figure).  In 
such  indurated  glands  calcification  commonly  ensues,  especially  in 
necrosed  parts.    A  true  ossification  has  also  been  observed. 

The  goitre  is  usually  a  simple  affection,  but  a  few  cases  are  on  record  in  which 
secondary  tumours  developed,  chiefly  in  the  bones.  In  a  case  observed  by  the  author 
there  were  several  such  tumours  in  the  bones  of  the  skull,  which  presented  the 
typical  structure  of  the  thyroid  gland  (see  pp.  224  and  493). 
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3.  Tumours  of  the  thyroid. — Cancer  is  not  very  uncommon.  It 
occurs  chiefly  as  an  ordinary  glandular  carcinoma,  but  also  as  a  cylinder- 
celled  tumour.  Sarcoma  also  occurs.  Wolfler  has  observed,  besides 
the  ordinary  round-celled  and  S23indle-celled  forms,  a  true  giant-celled 
sarcoma.  In  a  case  of  round-celled  sarcoma  observed  by  the  author 
there  were  two  large  cysts,  and  the  tumour  extended  down  into  the 
chest  as  far  as  the  pericardium.  It  also  incorporated  the  anterior  wall 
of  the  trachea. 

Literature. — A  very  full  account  of  Goitre  and  Tumours,  with  many  illustrations 
by  Wolfler,  in  Langenbeck's  Arch.,  xxix.,  1883  ;  Virchow,  Krank.  Geschwiilste,  iii. ; 
GuTKNECHT,  Virch.  Arch.,  xcix. ;  Biechee.,  Der  endemische  Kropf,  1883.  Goitre 
with  secondary  tumours — Cohnheim,  Virch.  Arch.,  Ixviii.,  1876 ;  Moeeis,  Path, 
trans.,  xxxi.,  1880  ;  Coats,  ibid.,  xxxviii.,  1887.  Tumours — Biechek,  in  Volkmann's 
Sammlung,  No.  222  ;  Coats,  Catal.  of  Western  Infirmary  Museum,  1885,  p.  209. 

4.  Myxoedema. — This  condition  was  first  described  by  Sir  William 
Gull  under  the  designation  Cretinoid  state.  Dr.  Ord  recorded  farther 
cases,  and  suggested  the  term  Myxoedema. 

The  disease  manifests  itself  first  as  a  swelling  of  the  skin  and  sub- 
cutaneous tissue  generally,  which  resembles  ordinary  oedema,  but  differs 
in  respect  that  it  is  not  influenced  by  gravitation,  does  not  pit  on 
pressure,  and  is  obviously  a  more  solid  swelling  than  that  of  oedema. 
The  character  of  the  swelling  seems  due  to  the  fact  that  mucin  is 
present  in  excess  in  the  various  tissues  concerned.  But  this  is  not  the 
only  change  in  the  skin.  There  are  also  signs  of  irritation  in  the  form 
of  accumulations  of  round  cells,  chiefly  in  the  neighboiirhood  of  the  suda- 
riparous  and  sebaceous  glands  and  the  hair  follicles.  There  is  an  inter- 
stitial inflammation  of  the  skin,  and  it  is  accompanied  by  atrophy  of  the 
special  structures.  The  hairs  are  liable  to  atrophy,  and  the  secretion 
of  the  sweat  and  sebaceous  glands  is  diminished. 

There  are  less  constant  changes  of  a  similar  nature  elsewhere,  as  in 
the  mucous  membrane  of  the  mouth,  and  the  teeth  are  liable  to  drop 
out  like  the  hairs  from  the  skin.  There  are  also  in  some  cases  inter- 
stitial changes  in  the  sympathetic  nerves,  kidneys,  liver,  heart,  and  sub- 
maxillary glands  (Virchow). 

Myxoedema  has  been  found  uniformly  associated  with  Atrophic 
disease  of  the  thyroid  gland.  The  gland  is  usually  diminished  in 
size,  and  has  a  yellowish  or  pale  appearance  instead  of  the  usual  dull 
red  colour.  The  condition  seems  to  depend  on  an  interstitial  inflam- 
mation of  the  gland.  There  is  an  infiltration  of  round  cells  between 
the  vesicles,  followed  at  first  by  proliferation  of  the  epithelium  in  the 
vesicles,  but  succeeded  by  atrophy.    In  a  more  advanced  period  the 
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gland  tissue  is  replaced  by  fibrous  tissue  in  which  the  remains  of  the 
proper  gland  tissue  is  represented  by  clumps  of  round  cells. 

The  connection  between  niyxoedema  and  destruction  of  the  thyroid 
gland  has  been  shown  in  various  ways.  Excision  of  the  gland  for 
disease  in  man  gives  rise  to  a  condition  virtually  identical  with  myx- 
cedema  in  a  considerable  proportion  of  cases.  Kocher  described  the 
results  of  thyrectomy  without  being  aware  of  the  previous  descriptions 
of  myxcedema,  and  the  two  descriptions  are  very  similar,  and  obviously 
refer  to  the  same  conditions.  The  myxcedema  following  excision  of  the 
thyroid  has  been  described  under  the  name  of  Cachexia  strumipriva. 

Again,  Cretinism  is  accompanied  by  changes  in  the  skin  which  much 
resemble  those  in  myxcedema.  In  this  condition,  whether  in  the 
endemic  or  sporadic  form,  the  thyroid  gland  is  aflfected.  In  some  cases 
it  is  atrophied,  while  in  others  it  is  greatly  enlarged  (see  under  Goitre) . 

Extirpation  of  the  thyroid  gland  in  animals  is  followed,  especially  in 
the  case  of  monkeys,  by  conditions  closely  resembling  those  of  myx- 
cedema, sometimes  in  an  acute,  sometimes  in  a  chronic  form. 

The  chemical  examination  of  the  skin  and  subcutaneous  tissue  by  Dr.  Ord 
showed  a  great  excess  of  mucin.  His  examination  was  in  a  case  in  an  early  stage 
with  the  full  swelling  of  myxcedema  still  present.  Chemical  analysis  of  cases  at  a  later 
stage  shows  that  in  them  the  mucin  is  scarcely  in  excess,  and  the  swelling  of  the  skin 
is  due  largely  to  an  increase  of  the  subcutaneous  fat.  In  the  experiments  in  animals 
by  Horsley,  in  which  examinations  were  made  in  an  early  stage,  there  was  found  an 
excess  of  mucin  not  only  in  the  skin,  but  also  in  the  fibrous  tissues,  blood  and 
salivary  glands.  The  parotid  gland,  which  normally  contains  no  mucin,  presented 
that  substance  in  large  quantity.  It  showed  on  microscopic  examination  the  usual 
appearances  of  a  mucous  gland  secreting  mucus,  namely,  gland  cells  in  the  acini 
distended  with  mucin  and  having  the  characteristic  appearance  of  goblet  cells. 

In  addition  to  the  changes  in  the  skin  and  elsewhere,  nervous  symptoms  are 
associated  with  myxcedema,  whether  spontaneous  or  following  extirpation  of  the 
thyroid  gland.  Similar  symptoms  have  been  met  with  in  animals  operated  on.  No 
changes  in  the  nervous  system  have  been  observed  to  account  for  these  symptoms. 

While  the  connection  of  myxcedema  with  disease  of  the  thyroid,  especially 
atrophy,  may  be  regarded  as  established,  it  cannot  be  said  that  it  has  been  ex- 
plained. 

Literature. — Gull,  Trans,  of  Clin.  Soc.  of  London,  1873 ;  Obd,  Med.  chir.  trans., 
1877 ;  Eeveudin,  Eev.  m6d.  de  la  Suisse  Bom.,  1883  and  1887 ;  Kochee,  Arch.  f. 
Chirurgie,  xix.,  1883  ;  Virchow,  Berl.  klin.  Wochenschr.,  1887.  A  very  full  account 
of  Myxcedema,  with  history  and  literature  in  Eeport  to  Clin.  Soc.  of  London,  1888. 
la  this,  papers  by  Obd,  Hallibdbton,  Horsley,  Semon,  etc. 

B. — The  Thymus  Gland. 

The  thymus  gland  is  situated  in  the  upper  part  of  the  anterior 
mediastinum,  extending  up  in  front  of  the  trachea  nearly  as  high  as  the 
thyroid.     It  attains  its  largest  size  about  the  second  year  of  life, 
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remains  stationary  from  that  time  till  the  fourteenth  year,  and  then 
gradually  atrophies.  The  atrophy  is  associated  with  an  infiltration  of 
adipose  tissue.  By  some  the  gland  is  regarded  as  lymjahatic  in 
structure  and  function,  but  embryologically  it  seems  to  have  an  epithe- 
lial origin.  It  contains  round  bodies  M^hich  are  sometimes  calcified,  the 
so-called  Concentric  bodies  of  Hassal. 

The  thymus  is  liable  to  Inflammations  like  other  glands.  Hyper- 
trophy also  occurs,  and  cases  of  asthma  and  of  spasm  of  the  glottis 
have  -been  ascribed  to  this  condition,  but  without  sufficient  evidence. 

Enlargements  occur  in  Leukaemia  and  in  Hodgkin's  disease,  the 
rela,tion  of  the  organ  to  the  spleen  and  lymphatic  glands  being  thus 
indicated. 

Tumours  also  occur,  chiefly  sarcomas,  and  also  cancers. 

Syphilis  sometimes  manifests  itself  by  the  j^resence  of  gummata, 
and  also,  it  is  said,  by  suppuration.  Tuberculosis,  according  to  Jacobi, 
is  not  of  infrequent  occurrence,  both  as  a  local  afi"ection  and  in  general 
tuberculosis. 

Literature.— Sanne,  in  Diet,  encycl.  cles  sc.  mid.,  Article  Thymus,  1887; 
Jacobi,  Comptes  renclus  du  Congr^s  pour  I'Stude  de  la  tuberculose,  1888,  and  Anat. 
and  Path,  of  thymus,  Trans.  Assoc.  of  Amer.  Phys.,  Sept.,  1888. 
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DISEASES  OF  THE  ALIMENTAEY  CANAL. 

A.  — The  Mouth.— I.  Inflammatioijs.    1.  Catarrh,  2.  Thrush,  .3.  Special  injiam- 

maiions,  4.  Cancrum  oris,  5.  Glossitis.  II.  Infective  and  otheb  tumours — 
Syphilis,  Tuberculosis,  Tumours  proper.    111.  Affections  of  the  teeth — 

I.  Caries,  2.  Inflammations  about  the  teeth,  3.  Syphilitic  teeth,  4.  Tumours 
connected  luith  the  teeth. 

B.  — The  Soft  Pak4te,  Phaeynx  and  Tonsils.    1.  Catarrhal  angina,  2.  Phleg- 

monous inflammation,  3.  Diphtheria,  4.  Acute  tonsillitis,  5.  Chronic  tonsillitis, 
6.  Syphilitic  disease,  7-  Tuberculosis,  8.  Tumours. 

C— The  CEsophagus.   1.  Dilatation,  General  dilatation  and  partial  dilatation,  the 
latter  including  Diverticulum,  (a)  by  pressure,  (b)  by  traction,  2.  Obstruction, 
.    3.  Inflammation,  4.  Rupture  and  perforation,  5.  Tumours. 

The  Stomach.  Introduction  and  p^ost-mortevi  changes.  1.  Malformations 
and  Contractions.  II.  Dilatation  and  Hypertrophy.  III.  Inflammations, 
including  catar-rh  and  effects  of  corrosives  and  poisons.  IV.  Simple  perforat- 
ing ulcer — Characters ;  Effects  and  modes  of  origin.  V.  Hyperemia  and 
HyEMORRHAGE.  VI.  TUBERCULOSIS  AND  Syphilis.  VII.  TuMOUES,  principally 
Cancer.  Structure  and  mode  of  growth  of  cancers.  Forms— \.  Cylinder-celled 
epithelioma,  2.  Soft  cancer,  3.  Scirrhus,  4.  Colloid  cancer. 

E.— The  I  ntestines.   Introduction  and  post-mortem  clianges.    I.  Malformations. 

II.  Embolism  and  Hemorrhage.  III.  Hernia— CawsaZio?? ;  Structure  of  sac; 
Forms  of  external  and  internal  hernias  ;  Contents  ;  Irreducible  hernia  ;  Straiigii- 
lation.  IV.  Twisting.  V.  Intussusception  and  Prolapse.  VI.  Inflamma- 
tions— 1.  Catarrh,  2.  Phlegmonous  and  diphtheritic  inflammations,  3.  Localized 
inflammations,  especially  syphilitic.  VII.  Specific  inflammations— 1.  Dysen- 
tery, 2.  Cholera,  3.  Typhoid  fever,  4.  Anthrax,  5.  Actinomycosis.  VIII. 
Tuberculosis  and  Syphilis,  chiefly  the  tubercular  idcer.  IX.  Retrograde 
CHANGES  and  ABNORMAL  coMTENTS.  X.  TuMOURS,  chiefly  cancer.  XI.  Obstruc- 
tion OF  THE  intestine — Somc  unusual  causes  ;  Effects,  including  stercoraceouf 
vomiting. 

TNTRODUCTION.— The  alimentary  canal  is  lined  throughout  by 
a  mucous  membrane,  which  consists  of  loose  connective  tissue 
covered  with  epithelium  in  one  or  several  layers.  In  the  mucous  mem- 
brane and  to  some  extent  beneath  it,  are  glands  which  in  different  parts 
have  different  structures,  but  everywhere  secrete  materials  that  pass  in- 
to the  calibre  of  the  canal.    In  addition  to  these  there  are  in  many  parts 
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closed  follicles  of  a  lymphatic  structure  which  usually  lie  near  the 
surface  and  frequently  take  part  in  changes  going  on  there.  Beneath 
the  mucous  membrane  is  the  submucous  tissue  which,  for  the  most  part- 
is loose,  and  so  allows  the  mucous  membrane  to  go  into  folds  or  be 
stretched  out  flat  according  to  the  state  of  dilatation  or  contraction  of 
the  canal.  Outside  this  there  is  a  muscular  coat,  generally  in  two  layers, 
by  means  of  which  movements  and  variations  in  calibre  are  effected. 
In  most  parts  of  the  intestinal  canal  there  is  a  serous  coat  outside 
of  all. 

In  the  diseases  of  the  alimentary  canal  it  is  chiefly  the  mucous  mem- 
brane that  we  have  to  deal  with,  the  subjacent  structures  being  usually 
subordinate  and  affected  secondarily  to  it.  The  serous  coat,  it  is  true, 
is  often  affected  independently;  its  diseases,  however,  do  not  belong 
specially  to  the  alimentary  canal,  but  to  the  peritoneum  as  a  whole. 
The  mucous  membrane,  on  account  of  its  exposure  to  a  variety  of  in- 
fluences derived  from  the  varying  contents  of  the  canal,  is  specially 
liable  to  inflammations,  and  the  great  majority  of  the  diseases  to  be  con- 
sidered here  are  inflammatory  ones. 

A. — The  Mouth. 

As  the  mouth  is  exposed  in  an  especial  manner  to  external  influences, 
so  its  mucous  membrane  possesses  an  epithelium  in  many  layers,  and  it 
is  not  nearly  so  liable  to  inflammations  as  most  other  parts  of  the  ali- 
mentary canal. 

I.— ENFLAMMATIONS  OF  THE  MOUTH.  STOMATITIS. 

1.  Catarrh. — If  we  leave  out  of  view  the  catarrhs  of  the  fauces  and 
pharynx  which  we  consider  afterwards.  Simple  catarrh  of  the  mouth 
is  exceedingly  rare  as  a  primary  disease.  It  is  not  infrequent,  however, 
as  a  secondary  affection,  arising  from  the  irritation  of  carious  teeth, 
from  the  use  of  mercury,  the  presence  of  ulcers,  etc.  It  is  also  of 
frequent  occurrence  in  the  acute  fevers,  especially  typhus,  scarlet  fever, 
small-pox  and  measles.  In  these  fevers  there  is  also  a  catarrh  of  the 
stomach,  and  the  inflammation  in  both  seems  due  to  the  action  of  the 
morbid  poison  in  the  blood. 

The  mucous  membrane  is  swollen  and  red  and  there  is  greatly  in- 
creased desquamation  of  the  epithelium,  especially  inside  the  cheeks  and 
on  the  tongue.  The  desquamated  epithelium  is  mixed  with  leucocytes, 
serous  exudation,  and  mucus  in  varying  proportions,  and  on  that  account 
it  has  varying  characters.    On  the  tongue  there  is  usually  much  epi- 
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thelium  which  lies  on  the  surface,  and  so  a  tolerably  thick  layer  is 
formed  mostly  of  a  whitish  or  yellowish  colour— Purred  tongue.  On 
the  cheeks  and  gums  there  is  more  iiuid  and  less  epithelium.  In  the 
midst  of  the  epithelium  and  leucocytes  bacteria  and  leptothrix  threads 
are  to  be  found.  If  the  patient  is  feverish  and  lies  with  the  mouth  open, 
the  catarrhal  products  dry-in  and  form  a  dirty  brownish  coating  of  the 
tongue  and  gums  which  goes  under  the  name  of  Sordes. 

Sometimes  the  inflammation  centres  especially  around  the  mucous 
glands,  and  they  may  form  prominent  nodules  or  vesicles.  To  this 
form  the  name  Follicular  stomatitis  has  been  given ;  it  is  frequently 
seen  in  children  during  dentition  or  after  measles,  and  is  often  associated 
with  catarrh  of  the  stomach  or  intestine.  The  vesicles  or  small  pro- 
minences frequently  burst  and  leave  multiple  small  ulcers  covered  by  a 
dirty  exudation. 

Catarrh  of  the  mouth  rarely  assumes  a  phlegmonous  character,  in  this 
respect  contrasting  with  inflammation  of  the  fauces. 

2.  Thrush,  or  Aphthous  stomatitis,  or  Soor. — This  condition  has 
already  been  mentioned  as  connected  with  the  presence  of  a  fungus. 
It  occurs  chiefly  in  the 
mouths  of  young  un- 
healthy children,  but  is 
also  occasionally  seen 
in  emaciated  adults, 
as  in  diabetes.  The 
normal  secretion  of  the 
mouth  is  alkaline,  but 
in  this  disease  it  be- 
comes acid,  which  may 
perhaps  be  the  reason 
that  the  fungus  de- 
velops. The  mucous 
membrane  is  found  be- 
set with  small  white 

OTinf        ^'  v.  '1     1    T1  Fi?.  274.— Oidium  albicans  or  thrush-fungus.  The  constituents 

spots,  wnicn  lOOK  nice    of  the  fungus  are  associated  with  fiat  epithelium,    x  450.  (Kij- 

little  bits  of  white  curd  chknmeister.) 

on  the  surface.  These  patches  are,  however,  adherent,  and  on  removing 
them  the  mucous  membrane  beneath  will  be  found  red  and  bleeding. 
The  white  patch  consists  of  epithelium  united  into  a  membrane  by  the 
fungus,  the  oidium  albicans  (Fig.  274).  It  consists  of  branching  threads 
composed  of  elongated  cells  placed  end  to  end  and  sometimes  losing 
themselves  in  masses  of  spores.  The  aphthous  patches  frequently  ex- 
tend from  the  mouth  downwards  to  the  pharynx  and  oesophagus. 
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3.  Special  forms  of  inflammation.— In  Small-pox,  besides  the  general  , 
catarrh  of  the  mouth  already  mentioned,  there  are  vesicles  or  pustules 
analogous  to  those  on  the  skin.    We  have  first  whitish  patches  consist- 
ing of  raised  and  desquamating  epithelium..   The  epithelium  is  soon  dis- 
charged and  superficial  ulcers  result.    In  Scurvy  there  is  great  swelling 
and  oedema  of  the  mucous  membrane  of  the,  gums  around  the  teeth. 
The  gums  bleed  and,  apparently  as  a  consequence  of  this,  ulcers  form  at 
the  edges  of  the  teeth  and  may  extend  down  to  the  bone,  which  may 
undergo  necrosis.  Very  often  the  teeth  are  loosened.   As  a  consequence  i 
of  the  use  of  mercury  we  sometimes  have  a  considerable  stomatitis.   It  ' 
occurs  after  the  medicinal  use  of  mercury  and  also  among  workmen  ' 
who  employ  it  in  their  occupations.    The  mucous  membrane  is  swelled,  ' 
especially  that  of  the  gums  and  cheeks,  and  there  is  severe  salivation. 
Ulcers  frequently  form,  especially  on  the  internal  surface  of  the  cheeks  ' 
and  lips,  and  on  the  edges  of  the  tongue.    They  may  be  in  the  form 

of  flat  excoriations  or  deeper  ulcers  with  a  membranous  covering. 

4.  Cancrum  oris,  or  Noma,  or  Gangrenous  stomatitis.— This  disease, 
which  is  fortunately  a  rare  one,  occurs  in  badly  nourished  children,  i 
particularly  when  reduced  by  severe  illness  such  as  scarlet  fever  or  '' 
measles.    It  presents  itself  first  as  a  difiuse  swelling  of  the  cheek  which 


Fig.  275. — Section  of  ehoek  in  case  of  Cancnnn  oris.  o,  cu- 
taneous surface ;  b,  necrosed  pai-t ;  c  r,  border  or  living  tissue 
with  abundant  cells,    x  10. 


IS  seen  to  be  tense,  red,  and  glistening,  mth  one  spot  in  the  centre 
usually  redder  than  the  rest.  On  examining  the  inside  of  the  mouth 
there  is  already  an  excavated  ulcer  opposite  the  red  spot  on  the  cheek, 
and  the  gums  opposite  may  also  be  ulcerated.    As  the  disease  pro- 
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grosses  more  and  more  of  the  mucous  membrane  of  the  mouth,  is  ulcer- 
ated away.  At  the  same  time  the  red  spot  on  the  cheek  gets  black  in 
the  centre,  and  afterwards  extends  in  area.  By  and  by  a  slough,  which 
varies  in  size,  separates  and  a  communication  forms  through  the  cheek 
with  the  inside  of  the  mouth.  If  the  patient  survive,  still  further  de- 
struction occurs,  the  necrosis  passing  on  to  the  surrounding  skin  of  the 
face,  even  to  the  ear  and  eyelids.  There  may  be  necrosis  of  the  jaws. 
Not  infrequently  this  disease  is  associated  with  a  gangrenous  pneu- 
monia and  there  ax'e  general  symptoms  of  septic  poisoning. 

The  disease  advances  by  a  progressive  necrosis,  as  shown  in  Fig.  275 
(which  represents  a  section  through  the  cheek,  stained  with  alum  car- 
mine). At  the  lower  part  of  the  figure  (b),  adipose  and  fibrous  tissue  are 
shown,  without  any  difi"erentiation  of  nuclei,  this  being  evidence  of 
necrosis.  Near  the  middle  of  the  figure  the  necrosis  ends,  and  there  is 
a  border  (c  c)  at  which  cells  are  very  abundant,  as  indicated  by  the  dark 
spots  in  figure.  The  rest  of  the  section  shows  the  structure  as  in  an 
ordinary  section,  but  with  more  abundant  cells.  It  is  apparent  that 
the  morbific  agent  in  its  advance  produces  necrosis,  almost  directly,  but 
leads  also  to  inflammation,  which  is  not  very  great,  in  front  of  its 
advance. 

The  author  found,  in  addition  to  the  usual  microbes  of  decomposition 
at  the  sloughing  surface,  a  very  remarkable  growth  of  a  bacillus  into 
the  necrosed,  but  otherwise  unaltered  tissue.  The  microbe  was  in  the 
form  of  long  threads,  occasionally  with  evident  spores,  and  it  extended 
in  large  numbers  to  the  very  edge  of  the  necrosis,  and  to  a  very  slight 
extent  beyond  it  into  the  inflamed  part.  The  bacillus  was  apparently 
anaerobic,  growing  into  the  tissue  away  from  the  surface,  and  it  had 
generally  the  characters  of  that  of  malignant  oedema.  It  was  readily 
stained  by  Gram's  method,  but  not  by  ordinary  watery  solutions. 

5.  Inflammation  of  the  tongue  deserves  a  brief  special  notice. 
We  have  seen  that  the  tongue  takes  part  in  most  of  the  inflammations 
of  the  mucous  membrane,  but  sometimes  it  becomes  the  seat  of  a  special 
inflammation  of  its  substance,  a  true  Glossitis.  This  may  occur  as 
a  result  of  wounds  or  irritations  from  without,  or  in  the  course  of  such 
diseases  as  erysipelas  and  small-pox.  The  tongue  swells  greatly  in  con- 
sequence of  the  inflammatory  infiltration  of  the  interstitial  connective 
tissue,  and  this  sometimes,  though  rarely,  goes  on  to  the  formation  of 
abscesses.  The  muscular  fibres  are  swollen,  pale  and  brittle.  Usually 
the  inflammation  ends  in  resolution,  but  sometimes  it  becomes  chronic, 
and  there  may  be  great  increase  of  connective  tissue  with  permanent 
induration  of  the  tongue. 
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II.— INFECTIVE  TUMOUES  AND  TUMOURS  PROPER  OF  THE  MOUTH. 

Syphilis. — We  have  various  syphilitic  lesions  in  the  mouth,  from 
slight  inflammation  to  deep  ulceration. 

It  is  not  uncommon  to  meet  with  a  Primary  chancre  on  the  lips.  In 
that  case  there  is  a  prominent  tumour  which  has,  in  more  than  one  case, 
been  taken  for  an  epithelioma.  On  microscopic  examination  the 
tumour  is  found  to  consist  of  immense  aggregations  of  round  cells 
which  may  be  altogether  beneath  the  epithelium  (see  Fig.  47,  p.  190, 
which  is  from  a  chancre  of  the  lips  excised  under  the  belief  that  it  was 
an  epithelioma.) 

The  Catarrh  which  accompanies  the  Secondary  stage  is  often  very 
slight,  but  it  may  be  accompanied  by  superficial  ulceration  of  consider- 
able extent.  Mucous  patches,  Warts,  and  Flat  condylomata  are  par- 
ticularly frequent  in  the  mouth,  and  they  often  break  down  and  form 
superficial  ulcers,  especially  on  the  lower  lip  and  at  the  angle  of  the 
mouth. 

The  deeper  ulcers  arise  in  connection  with  Gummata,  which  form  in 
the  substance  of  the  mucous  membrane,  and  may  lead  to  very  serious 
loss  of  substance.  If  healing  occurs  a  cicatrix  forms,  but  cicatrices 
sometimes  occur  without  ulceration  having  taken  place,  the  gumma 
itself  giving  place  to  a  cicatrix.  The  gummata  not  infrequently  have 
their  seat  deep  in  the  substance  of  the  tongue,  and  the  resulting 
cicatrices,  with  or  without  ulceration,  may  produce  very  marked  de- 
formity of  this  organ. 

Tuberculosis  is  uncommon  in  the  mouth.  It  may  extend  from  the 
skin  in  Lupus,  and  in  that  case  sometimes  produces  considerable  ulcera- 
tion. Tuberculosis  of  the  tongue  occurs  chiefly  in  connection  with 
that  of  the  epiglottis  or  tonsils.  There  may  be  a  somewhat  deeja-seated 
infiltration,  so  that  tubercles  are  present  even  amongst  the  muscles,  and 
interstitial  inflammation  causes  induration  of  the  tongue.  Ulceration 
may  occur,  or  there  may  be  considerable  caseous  masses  in  the  substance 
of  the  tongue. 

Leprosy  also  aff"ects  the  mucous  membrane  of  the  mouth  sometimes, 
and  Glanders  occasionally  manifests  itself  here. 

Tumours  proper. — -These  are  of  somewhat  frequent  occurrence  and 
considerable  variety.  We  meet  rarely  with  fibromas,  lipomas,  and 
cnchondromas.  Rather  more  common  are  Adenoid  tumours  of  the  lips. 
These  take  origin  in  the  mucous  glands  of  the  lips,  and  frequently 
become  converted  into  mucous  or  colloid  Cysts.  They  form  prominent 
rounded  tumours,  sometimes  as  largo  as  a  hazel  nut,  and  are  readily 
enucleated. 
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Warts  occur  on  the  lips,  especially  at  the  edges.  In  that  situation 
they  are  mostly  hard,  while  those  on  the  proper  mucous  membrane  are 
soft.  Not  infrequently  the  wart  ulcerates,  and,  it  is  said,  may  give 
origin  to  a  cancerous  tumour.  Warty  outgrowths  also  occur  on  the 
tongue.  The  papillae  of  the  tongue  sometimes  undergo  great  elonga- 
tion, especially  their  epithelial  layers,  and  we  may  have  a  condition  as  of 
hairs  on  the  tongue. 

The  Angioma  is  met  with  chiefly  on  the  lips,  usually  in  the  form  of 
the  congenital  nsevus.  It  occurs  either  as  the  cavernous  or  capillary 
angioma,  and  forms  flat  elevations  or  rounded  prominent  tumours.  It 
occasionally  occurs  on  the  tongue. 

The  Lymphangioma  is  a  cavernous  lymphatic  tumour,  which  occurs 
chiefly  in  the  tongue,  and  in  some  cases  contributes  to  the  formation  of 
macroglossia.  The  whole  tongue  may  be  permeated  with  dilated  lym- 
phatic vessels. 

Macroglossia  is  a  condition  in  which  the  tongue  is  greatly  increased 
in  bulk,  the  enlargement  being  nearly  always  congenital.  It  is  frequent 
in  cretins.  Even  at  birth  the  tongue  may  be  too  large  for  the  mouth 
and  project  beyond  the  lips.  Afterwards  it  may  increase  still  more,  and, 
as  the  child  grows,  it  may  displace  the  alveolar  processes  considerably. 
For  the  most  part  there  is  no  hypertrophy  here  except  of  the  intersti 
tial  connective  tissue,  but  evidences  of  newformation  of  muscular  tissue 
have  been  observed.  As  a  rule,  the  lymph  spaces  of  the  hypertrophied 
connective  tissue  are  greatly  enlarged,  and  there  is  even  a  formation  of 
cavernous  tissue,  the  spaces  in  which  are  filled  with  lymph.  In  this  way 
we  may  speak  of  lymphangioma  cavernosum  as  taking  part  in  the  con- 
dition. It  will  be  observed  that  the  condition  here  somewhat  resembles 
that  in  elephantiasis,  there  being  in  both  cases  a  great  newformation  of 
succulent  connective  tissue  with  wide  lymph  sjDaces.  The  resemblance 
is  further  indicated  in  the  fact  that  the  lips  frequently  hypertrophy  as 
well  [Macrochelia). 

Sarcomas  rarely  develop  in  the  mouth  itself,  although  they  have  been 
met  with  in  the  tongue. 

On  the  other  hand,  it  is  not  uncommon  to  find  a  Myeloid  sarcoma  of 
the  jaws,  growing  from  the  periosteum  and  projecting  into  the  mouth. 
This  forms  the  majority  of  the  tumours  called  Epulis.  This  name  is 
given  generally  to  tumours  which  arise  from  the  alveolar  processes  of 
the  jaws.  They  are  mostly  composed  of  spindle-cells,  but  nearly  always 
contain  Giant-cells,  and  sometimes  these  are  in  large  numbers.  Osseous 
trabeculse  frequently  pass  into  them  from  the  bone  beneath.  As  these 
tumours  grow  they  push  the  mucous  membrane  of  the  gums  before  them 
and  so  form  red  prominences  of  a  rounded  form,  behind,  in  front  of,  or 
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between  the  teeth,  and  are  generally  of  dense  consistence.  The  teeth 
are  often  considerably  displaced  by  them  as  they  grow,  especially  when 
they  assume  large  dimensions,  as  sometimes  happens. 

Cancers  of  the  mouth  are  nearly  all  Tlat-celled  epitheliomas.  They 
are  of  very  frequent  occurrence  on  the  lower  lip  and  are  also  common 
in  the  tongue. 

Epithelioma  of  the  lip  is  almost  confined  to  the.  male  sex.  This  is 
frequently  ascribed  to  the  fact  that  in  men  the  lip  is  more  frequently 
exposed  to  irritation  by  smoking  short  pipes  and  in  shaving.  The 
tumour  which  has  almost  always  its  seat  on  the  lower  lip,  is  in  the  form 
of  a  superficial  infiltration  which  soon  goes  on  to  ulceration.  There  may 
thus  be  great  destruction  of  the  lip  structures.  The  structure  is  that  of 
the  typical  epithelioma,  of  which  this  is  the  most  frequent  seat. 

In  the  tongue  the  epithelioma  usually  forms  at  the  edge,  and  it  is 
often  said  that  the  irritation  of  the  sharp  edge  of  a  carious  tooth  has 
been  the  starting  point.  There  is  here  also  usually  a  superficial  ulcer, 
but  the  tumour  generally  penetrates  deeply  into  the  substance  of  the 
tongue.  There  may  also  be  considerable  irritation  of  the  tongue  and 
newformation  of  connective  tissue  so  that  the  structure  may  resemble 
that  of  a  scirrhus.  As  the  epithelium  of  the  tongue  does  not  become 
horny,  we  scarcely  have  the  typical  laminated  capsules  of  the  ordinary 
flat-celled  epithelioma. 

Secondary  epitheliomatous  formations  are  liable  to  occur  in  the  sub- 
maxillary lymphatic  glands,  and  may  extend  to  the  glands  of  the  neck. 

Eanula  is  a  name  applied  to  cysts  which  form  beneath  the  tongue. 
These  mostly  arise  as  retention-cysts  from  closure  of  Wharton's  duct 
(duct  of  the  submaxillary  gland),  or  the  duct  of  the  sublingual  gland, 
but  they  may  take  origin  in  the  mucous  glands.  Before  the  occurrence 
of  the  cyst  there  is  usually  some  inflammation  of  the  floor  of  the  mouth 
very  often  connected  with .  affections  of  the  teeth.  According  to  the 
observations  of  Eecklinghausen  referred  to  at  page  249,  the  cyst 
arises  by  dilatation  of  the  duct,  while  the  gland  structure  persists  and 
furnishes  the  material  by  whose  accumulation  the  cyst  forms  (see  Fig. 
82,  p.  250). 

Literature. — Bohn,  Munclkr.  der  Kinder,  1880,  and  in  Gerhard's  Handb.  d. 
Kinderkr.,  iv. ;  Hirsch,  (Noma)  Hist,  and  geogr.  path.  (Sj'd.  Soc.  transl.),  iii.  272; 
West,  Dis.  of  infancy  and  childhood,  7th  ed.,  1884  ;  Bruns,  Handb.  d.  oper.  Chirurg., 
1859  ;  Kehiiee,  Soorpilz,  1883  ;  Plaut,  Soorpilz,  1885 ;  Geawitz,  Virch.  Arch., 
Ixx.,  Ixxiii.;  Lang,  Path.  u.  Therap.  d.  Syph.,  1885  ;  Hutchinson,  Syphihs,  1887 : 
Hausemann,  (Tuberculosis)  Virch.  Arch.,  ciii.;  VniCHow,  (Macroglossia)  Geschmilste, 
ii. ;  Arnstein,  Vich.  Arch.,  liv.,  1872;  Billroth,  Path.  Hist.,  1858;  Reck- 
LiNOHADSEN,  Virch.  Arcli.,  Ixxxiv.,  v.,  1881. 
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III.— APFECTIONS  OF  THE  TEETH. 

The  hard  part  of  the  tooth  consists  of  enamel,  dentine,  and  cement. 
The  Enamel,  containing  very  little  organic  matter  (only  about  2  or  3 
per  cent.),  is  for  the  most  part  passive,  and  presents  great  mechanical 
resistance  to  destructive  processes.  In  its  original  formation  it  is  a 
superadded  structure,  derived  from  the  epithelium  of  the  surface.  The 
Dentine,  consisting  of  tubules  Avith  a  hard  matrix,  possesses  a  much 
larger  proportion  of  organic  matter  (28  per  cent.),  and  is  much  more 
directly  involved  in  morbid  processes.  The  Cement,  which  covers 
those  parts  of  the  tooth  which  are  devoid  of  enamel,  consists  of  true 
bone,  and  is  liable  to  changes  of  a  similar  nature  to  those  of  bone. 

Turning  to  the  soft  parts,  the  Pulp  fills  the  cavity  of  the  tooth  and 
has  an  outline  parallel  to  that  of  the  tooth  as  a  whole.  The  pulp  is  a 
highly  vascular  tissue,  and  richly  supplied  with  nerves  whose  filaments 
pass  in  part  into  the  dentinal  tubules.  The  pulp  is  so  sensitive  that  in 
popular  language  it  is  called  "the  nerve."  In  the  original  formation 
of  the  tooth  the  dentine  is  produced  by  the  structure  which  is  after- 
wards represented  by  the  pulp,  and  through  life  the  latter  retains  to  a 
considerable  extent  its  formative  jDower. 

The  tooth  is  fitted  accurately  into  the  alveolus  by  means  of  the 
cement  on  the  one  hand  and  the  Dental  periosteum  or  periodontal 
membrane  on  the  other.  This  membrane,  lying  between  the  cement 
and  the  bone  of  the  jaw,  forms  a  kind  of  double  periosteum,  and  is,  from 
its  position,  very  liable  to  the  action  of  mechanical  forces,  being  placed 
between  two  rigid  structures,  one  of  which  (the  tooth)  is  peculiarly 
exposed  to  mechanical  interference.  It  is  continuous  at  the  apex  of  the 
root  with  the  pulp,  and  at  the  neck  with  the  mucous  membrane  of  the 
gums  on  the  one  hand  and  the  periosteum  of  the  jaw  on  the  other. 

1.  Caries. — This  name  is  applied  to  a  condition  which  is  not 
analogous  to  caries  of  bone,  except  in  so  far  as  in  both  there  is 
destruction  of  the  dense  calcified  structure.  Caries  of  bone  is  related 
to  inflammatory  processes,  but  caries  of  the  teeth  has  no  such  origin. 
It  consists  of  a  softening,  usually  progressive,  of  the  enamel  and  dentine 
and  their  subsequent  disintegration.  The  process  appears  to  begin 
very  commonly  in  places  where  the  enamel  shows  normally  rather 
deep  furrows,  and  is  therefore  thinner  and  more  easily  destroyed  than 
elsewhere.  When  the  caries  reaches  the  dentine  it  advances  more 
freely,  so  that  the  enamel  may  to  some  extent  be  undermined.  The 
lime  salts  are  first  absorbed,  and  then,  the  organic  basis  is  broken 
down.  The  caries  advances  in  the  direction  of  the  dentinal  tubules 
as  shown  in  Fig.  276.  ' 
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Various  views  have  been  held  as  to  the  nature  of  the  process.  At 
one  time  it  was  regarded  as  inflammatory,  but  this  view  may  be  set 
aside,  chiefly  on  the  ground  that  a  process  exactly  similar  occurs  in 
teeth  which  have  been  drawn  and  re-inserted,  as  well  as  in  artificial 
teeth  made  of  the  ivory  of  the  hippopotamus.  The  caries  consists,  in 
fact,  of  a  gradual  solution  of  the  lime  salts,  and  for  this  solution  we 
must  infer  the  existence  of  an  acid.  The  secretion  of  the  mouth  is 
naturally  alkaline,  but  in  carious  teeth  an  acid  reaction  has  been 
detected.  The  acidity  is  often  connected  with  derangements  of  the 
stomach,  but  it  may  have  a  more  local  origin,  as  when 
the  secretion  of  the  gums  is  abnormal,  or  perhaps  when 
food  is  undergoing  acid  fermentation  in  contact  with  the 
teeth.  It  may  be  that  before  the  teeth  yield  to  an 
undue  acidity  they  have  already  an  abnormally  weak 
power  of  resistance,  and  this  may  be  related  to  personal 
peculiarities,  inherited  or  otherwise. 

At  the  advancing  margin  of  the  caries  a  widening 
of  the  dentinal  tubes  is  visible,  and  in  these  Avidened 
tubes,  as  well  as  in  the  carious  cavity,  bacteria  and 
Leptothrix  threads  are  to  be  found.  By  some  the  pro- 
cess has  been  ascribed  to  the  action  of  these  organisms, 
especially  by  Klebs. 

2.  Inflammation  frequently  follows  on  caries,  and 
the  pulp  is  usually  involved.  It  is  almost  certainly 
attacked  if  the  caries  causes  penetration  into  the  pulp, 
but  before  this  takes  place  there  is  frequently  some 

Fig.  276.— Section  ... 

of  tooth  with  caries,  inflammation  which  expresses  itself  in  a  ne"^Arformation 

There  are  two  cavi-  t    i  • 

ties,  one  on  each  of  Secondarv  dentine  inside  the  tooth  around  the  point 

side,  and  in  the  pulp  i  .  i     i  •      •       i  •       /        tt      r,i-^\      t      i  • 

cavity  a  newform-  to  which  the  caries  IS  advancing  (see  ilig.  2/6).    in  this 

ation  of  secondary  .  .  ^        t     ,     re  j'  J.^ 

dentine.  Thesecon-  Way  the  carious  cavity  may  be  shut  on  irom  the  cavity 

dary  dentine  is  not    p  ^  i  •         •  n  j  j 

exactly  on  the  same  01  the  pul^D,  and  SO  a  more  serious  inflammation  wardea 

level  as  the  cavities,     /».       tt  /.  ,^^  •  a 

but  at  the extremi- ofl.     Very  irequeutly,  however,  a  more  acute  mtlam- 

ties  of  the  dentinal  p,i  i  •i.i        j  it  t. 

tubules  leadingfrom  iiiatiou  of  the  pulp  occurs,  With  reduess,  swelling,  great 
these.   (After  Sal-  ^^^^^        infrequently  also  with  complete  necrosis  of 

the  pulp,  and,  in  consequence,  of  the  whole  tooth. 

The  inflammation  often  extends  to  structures  around  the  tooth.  The 
root-membrane  or  dental  periosteum,  which  covers  the  root  portion  of 
the  tooth,  is  the  structure  most  directly  attacked.  This  membrane  is, 
as  we  have  seen,  intimately  connected,  towards  the  neck  of  the  tooth, 
with  the  submucous  tissue  of  the  gums  and  the  periosteum  of  the  alve- 
olar process  of  the  jaw.  Inflammations  of  these  structures,  especially  of 
the  gums,  very  frequently  ensue,  resulting  in  the  well-known  Gum-boil, 
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which  often  goes  on  to  suppuration  and  abscess,  forming  the  so-called 
Parulis.  The  abscess  usually  bursts  into  the  mouth,  but  it  may  pro- 
duce extensive  swelling  of  the  gum,  and  lead  even  to  penetration 
outwards,  resulting  in  a  fistulous  opening  in  the  skin. 

The  result  may  be  even  more  serious  if  the  periosteum  of  the  jaw 
becomes  inflamed,  resulting,  it  may  be,  in  suppuration  which  is  apt  to 
be  chronic.  With  the  periostitis  there  is  usually  newformation  of  bone, 
causing  thickening  of  the  jaw. 

Inflammations  of  the  root-membrane  and  periosteum  of  the  jaw 
sometimes  occur  apart  from  caries,  as  a  result,  for  instance,  of  poison- 
ing ivith  phosphorus  or  mercury,  and  in  scurvy.  In  that  case  the 
inflammation  is  not  limited  to  the  neighbourhood  of  one  tooth,  but 
extends  probably  to  a  series. 

3.  Conditions  resulting  from  hereditary  syphilis.— In  children  who 
are  the  subjects  of  hereditary  syphilis,  the  teeth  show  malformations  first 
pointed  out  by  Hutchinson.  The  teeth  are  narrow  and  pointed;  the  most 
obvious  lesion  is  in  the  permanent  front  teeth  of  the  upper  jaw.  The 
upper  incisors  are  narrowed  instead  of  being  expanded  towards  the 
cutting  edge,  and  the  central  ones  have  generally  a  crescentic  notch 
which  is  very  characteristic.  This  condition  of  the  teeth  is  frequently 
associated  with  interstitial  inflammation  of  the  cornea,  and  is  ascribed 
by  Hutchinson  to  a  syphilitic  inflammation  of  the  gums  during  the 
formation  of  the  teeth. 

4.  Tumours  connected  with  the  teeth.— The  cement,  which,  it  must 
be  remembered,  is  composed  of  bony  tissue,  sometimes  undergoes  a 
hypertrophy  to  which  the  name  Exostosis  or  Osteoma  is  often  given. 
This  is  scarcely  a  true  bony  tumour,  but  originates  rather  in  a  chronic 
inflammation  of  the  cement,  leading  to  a  considerable  newformation  of 
bony  tissue.  In  this  way  are  formed  prominent  tuberous  outgrowths 
from  the  roots  of  the  teeth,  which  may  be  localized  to  one  part  of  the 
fang,  or  cover  a  considerable  portion  of  it,  or  even  the  whole  root  portion 
of  the  tooth.  In  the  latter  case  it  is  as  if  the  root  were  enlarged  by 
rough  accretions  on  its  surface.  These  so-called  exostoses  sometimes 
offer  serious  resistance  to  the  extraction  of  the  teeth. 

Another  form  of  tumour  connected  with  the  teeth  is  that  which 
Virchow  has  called  the  Odontoma.  This  tumour  arises  in  connection 
with  teeth  retained  in  the  alveoli  by  faulty  development.  The  tumours 
are  composed  of  dentine  and  enamel,  and  are  of  small  size  and^rare 
occurreuce. 

Cysts  of  the  jaws  have  already  been  referred  to  (p.  491)  as  usually 
taking  origin  in  connection  with  the  teeth  or  their  rudiments,  and 
Cancers  have  occasionally  a  similar  origin  (p.  493). 

2  Y 
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Literature. — Leber  u.  Eottenstein,  Unters.  iiber  d.  Caries  d.  Ziihne,  1867 ; 
Wedl,  Path.  d.  Zahne,  1870,  transl.,  1873 ;  Klebs,  Arch.  f.  exper.  Path.,  v. ; 
TojuLS,  Syst.  of  dental  surg.,  1877;  Salter,  in  Holmes'  Surg.,  v.,  1883;  'Eve, 
(Cysts  of  jaws,  with  literature)  Brit.  Med.  Jour.,  1883,  i. ;  Malassez,  Arch,  de 
Phys.,  v.,  1885. 

B. — The  Soft  Palate,  Pharynx,  and  Tonsils. 

Introduction.^ — The  mucous  membrane  here  differs  from  that  of  the 
mouth  proper,  chiefly  in  respect  that  in  addition  to  the  ordinary  mucous 
glands  there  are  numerous  Lymphatic  follicles.  The  distinction 
between  these  two  is  not  always  correctly  appreciated.  The  mucous 
glands  are  racemose  glands  with  proper  ducts,  opening  on  the  surface 
of  the  mucous  membrane.  The  follicular  glands,  as  they  are  often 
called  in  rather  a  confusing  way,  are  strictly  comparable  Avith  the 
closed  follicles  of  the  intestine.  In  the  pharynx,  soft  palate,  and  root 
of  the  tongue  they  occur  in  the  form  of  isolated  rounded  masses  of  lym- 
phatic tissue,  like  the  solitary  follicles  of  the  intestine.  In  the  tonsils 
we  have  aggregations  of  these  follicles  not  unlike  Peyer's  patches. 
Their  prominence  in  the  tonsils  causes  the  mucous  membrane  to  be 
thrown  into  folds,  and  so  we  have  comparatively  deep  recesses,  which 
are  sometimes  called  Crypts,  and  in  which  secretions  may  accumulate, 
especially  if  their  depth  is  exaggerated  by  diseased  conditions. 

From  their  exposed  position  these  parts  are  peculiarly  prone  to 
irritation  from  agents  coming  to  them  by  the  inspired  air.  The  mucous 
membrane  of  the  mouth  seems  peculiarly  resistant  to  external  irri- 
tations, but  here,  where  there  is  the  transition,  as  it  were,  from  the 
mucous  membrane  exposed  to  external  influences  to  that  protected  from 
them,  these  inflammatory  manifestations  occiir  with  peculiar  frequency. 
Almost  all  the  diseases  we  have  to  treat  of  here  are  forms  of  inflammation, 
and  it  is  usual  to  describe  these  under  the  general  designation  of  Angina, 

1.  Catarrhal  angina. — In  its  acute  form  this  constitutes  the  most 
ordinary  sore  throat,  and  occurs  either  from  "  cold,"  especially  at 
seasons  of  the  year  when  sudden  changes  of  temperature  are  prevalent, 
or  as  a  local  symptom  of  a  general  disease  such  as  measles,  scarlet 
fever,  small-pox.  It  may  be  said  regarding  scarlet  fever,  small-pox,  and 
diphtheria  that  the  throat  affection  in  them  begins  with  an  acute 
catarrh,  but  that,  especially  in  scarlet  fever  and  diphtheria,  it  nearly 
always  goes  on  to  phlegmonous  inflammation.  In  the  simple  acute 
catarrh  there  is  redness  and  swelling  of  the  mucous  membrane  with  a 
mucous  exudation  which  covers  the  surface  and  may  have  a  tough  con- 
sistence.   Sometimes  vesicles  form  on  the  mucous  membrane. 

Chronic  catarrh  very  frequently  follows  on  the  acute  form,  especially 
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when  there  have  been  repeated  attacks.  The  conditions  are  somewhat 
different  in  different  cases,  and  rather  complicated  classifications  have 
been  introduced.  As  in  other  chronic  inflammations  there  is  here,  for 
the  most  part,  thickening  of  the  mucous  membrane,  but  in  some  cases 
the  mucous  membrane  is  indurated  and  atrophied.  There  may  be  a 
general  hypertrophy  of  the  superficial  layers  of  the  mucous  membrane, 
and,  as  the  blood-vessels  remain  congested,  it  is  a  rather  succulent 
swelling.  This  constitutes  what  is  called  the  Relaxed  throat.  The 
appearances  are  most  pronounced  in  the  case  of  the  uvula,  which  be- 
comes elongated,  sometimes  to  a  very  marked  extent.  At  other  times  the 
swelbng  is  not  so  uniform,  but  with  some  general  thickening  there  is  an 
■  occasional  localized  prominence  causing  the  mucous  membrane  to  assume 
a  granular  appearance,  hence  the  term  Granular  pharyngitis.  This 
form  occurs  mostly  among  clergymen,  singers,  actors,  and  others  whose 
occupation  requires  them  to  use  their  voices  for  prolonged  periods  with 
a  loud  tone. 

It  is  not  by  any  means  certain  what  the  exact  structure  of  the 
prominent  granulations  in  this  disease  is,  but  it  seems  likely  that  there 
are  really  two  conditions  included  under  the  name.  In  one  of  them  the 
mucous  glands  are  involved  and  may  be  seen  discharging  a  milky  fluid. 
In  the  other  the  enlargement  is  not  connected  with  the  mucous  glands, 
but  is  usually  supposed  to  depend  on  enlargement  of  the  closed  follicles, 
although  Stoerk  has  stated  that  it  really  consists  of  a  hypertrophy  of 
the  epithelium.  The  condition  is  often  called  follicular  pharyngitis  from 
the  view  that  the  closed  follicles  are  mainly  concerned.  Ulcers  may  form 
in  connection  with  these  swellings  and  they  are  called  follicular  ulcers. 

2.  Acute  phlegmonous  inflammation  of  the  fauces.— This  frequently 
results  in  the  formation  of  Abscesses.  It  is  a  condition  of  somewhat 
common  occurrence.  There  is  not  merely  a  surface  catarrh,  but  the 
mucous  membrane  and  submucous  tissue  are  involved  in  an  acute  inflam- 
mation of  a  very  intense  kind  which  usually  goes  on  to  suppuration. 
The  disease  very  commonly  begins  on  one  side  and  frequently  involves 
the  tonsil,  sometimes  extending  thence  to  the  posterior  wall  of  the 
pharynx.  The  swelling  and  redness  arc  very  great  from  hypcrremia 
and  oedema  of  the  whole  structures,  and  the  patient  may  have  difiiculty 
in  opening  the  mouth.  If  it  goes  on  to  suppuration  the  pus  often 
collects  and  forms  an  abscess  which  bursts  into  the  throat.  In  some 
cases  the  acute  inflammation  extends  downwards  to  the  base  of  the 
epiglottis  and  the  case  becomes  dangerous  because  of  the  possible  super- 
vention of  oedema  glottidis.  It  should  be  added  that  the  name  Quinsy 
IS  aj)plicd  to  this  disease  as  well  as  to  a  more  local  inflammation  of  the 
tonsils  alone. 
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We  may  infer  that  in  this  disease  one  of  the  pyogenic  microljes  finds 
access  to  the  mucous  membrane.  It  sometimes  happens  that  the  in- 
flammation, after  attacking  one  side,  passes  round  and  involves  the 
other,  and  this  looks  like  an  irritant  which  propagates  itself. 

3.  Diphtheria. — The  changes  which  occur  in  this  disease  have  already 
been  referred  to  in  considering  its  manifestations  in  the  air  passages 
(see  p.  610).  It  usually  begins  in  the  fauces  and  has  its  centre  there. 
As  we  have  seen  there  is  in  the  fauces  a  fibrinous  exudation  usually 
associated  with  necrosis  of  the  mucous  membrane.  There  are  other 
signs  of  inflammation,  chiefly  in  the  presence  of  leucocytes  infiltrating 
the  mucous  membrane  and  passing  into  the  exudation.  As  a  rule,  there 
is  necrosis  of  the  mucous  membrane,  and  this  in  all  degrees  till  we  come 
to  the  so-called  gangrenous  form.  The  resulting  sloughs  frequently 
look  more  serious  than  they  are,  but  there  may  be  considerable  loss  of 
substance,  and  ulcers  of  some  depth  and  size  may  be  left. 

The  position  of  the  patches  of  exudation  is  very  various.  Sometimes 
they  are  mainly  on  the  tonsils,  sometimes  on  the  soft  palate  and  uvula. 
Extension  to  the  posterior  nares,  on  the  one  hand,  and  to  the  larynx,  on 
the  other,  is  very  frequent,  the  latter,  as  we  have  seen,  being  particu- 
larly common. 

4.  Acute  tonsillitis.  Quinsy. — This  inflammation  of  the  tonsils  is, 
as  we  have  seen,  occasionally  a  part  of  a  general  phlegmonous  inflamma- 
tion of  the  fauces.  Occurring  more  independently  it  is  accompanied  by 
considerable  swelling,  consisting  of  an  inflammatory  infiltration  of  the 
lymphatic  follicles  of  the  tonsils.  Sometimes  it  goes  on  to  suppuration, 
but  rarely  does  so  when  the  tonsils  alone  are  afi'ected.  The  swelling  in 
many  cases  does  not  fully  subside,  and  gives  rise  to  a  more  or  less  per- 
manent enlargement  such  as  we  have  next  to  consider. 

5.  Chronic  tonsillitis.  Hypertrophy  of  the  tonsils.— Certain  per- 
sons, especially  in  childhood  or  youth,  are  prone  to  repeated  subacute 
inflammations  of  the  tonsils,  and  as  these  recur  the  tonsils  acquire  a  per- 
manent enlargement.  This  consists  anatomically  in  a  true  hypertrophy 
of  the  lymphatic  follicles,  although  there  is  sometimes  also  an  increase 
of  the  interstitial  connective  tissue.  The  tonsils  are* rarely  much  in- 
durated, the  soft  lymphatic  tissue  existing  so  abundantly  as  to  make 
the  structure        whole  somewhat  soft. 

The  enlargement  is  very  variable,  there  being  sometimes  a  rapid  en- 
largement followed  by  a  rapid  subsidence. 

The  inflammation  sometimes  leaves  behind  somewhat  deep  pits  and 
recesses  in  the  tonsils.  These  may  contain  secretions  which  sometimes 
become  condensed  into  concretions  {Calculi  in  ioiisils). 

The  contents  of  these  exaggerated  crypts  often  decompose  and  irritate' 
the  tissue  around. 
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The  hypertrophy  is  not  always  the  result  of  chronic  inflammation. 
There  are  cases  of  congenital  hypertrophy  of  the  tonsils,  and  there  are 
still  more  frequent  cases  of  a  gradual  enlargement  without  any  apparent 
attacks  of  inflammation.  In  this  way  the  tonsils  may  acquire  very  large 
dimensions,  reaching  the  size  of  a  hen's  egg  on  some  occasions.  These 
conditions  also  are  met  with  chiefly  in  children. 

6.  Syphilitic  disease  of  the  fauces.— This  manifests  itself  in  multi- 
fiirious  ways.  A  persistent  Catarrh  having  the  ordinary  characters  of 
subacute  simple  catarrh  is  very  common.  Mucous  patches  and  Condy- 
lomata are  tolerably  frequent,  especially  on  the  pillars  of  the  fauces  and 
on  the  soft  palate.  In  the  tertiary  stage,  with  or  without  the  formation 
of  gummata,  there  may  be  Ulceration  of  the  mucous  membrane.  Not 
infrequently  the  idceration  extends  very  deeply  and  causes  destruction 
of  the  uvula  and  palate.  It  may  extend  to  the  epiglottis  and  so  further. 
It  is  frequently  accompanied  by  considerable  thickening  and  cicatricial 
contraction,  so  that  it  may  lead  to  great  deformity  and  sometimes  to 
stenosis  of  the  pharynx. 

7.  Tubercular  ulcers. — These  are  of  very  rare  occurrence  here, 
although  so  common  in  the  larynx.  The  disease  is  associated  with 
phthisis  pulmonalis,  and  is  really  due  to  an  extension  upwards  of  tuber- 
cular ulceration  of  the  larynx.  It  occurs  in  the  form  of  superficial  ulcers, 
originally  of  a  circular  form. 

8.  The  Tumours  of  the  Fauces  are  not  so  diflFerent  from  those  of  the 
mouth  as  to  call  for  very  special  remark,  and  they  are  altogether  of  much 
less  frequent  occurrence.  We  meet  with  papillary  excrescences,  cysts, 
sarcomas,  and  epitheliomas. 

0. — The  CEsophagus. 

The  diseases  of  this  part  of  the  alimentary  canal  are  important  from 
a  practical  point  of  view,  chiefly  because  of  the  natural  narrowness  of 
the  tube.  The  mucous  membrane  of  the  oesophagus  is  covered  by  a 
thick  layer  of  stratified  flat  epithelium,  and  the  mucous  glands  are 
comparatively  few. 

1.  Dilatation  of  the  oesophagus. — Of  this  somewhat  frequent  condi- 
tion two  forms  may  be  distinguished. 

(a)  General  dilatation  of  the  tube  is  a  result  of  obstruction  at  any 
part  of  its  course.  The  obstruction  is  mostly  low  down  in  the  oesopha- 
gus and  may  bo  even  at  the  cardiac  end  of  the  stomach.  With  the 
dilatation  in  these  cases  there  may  be  considerable  thickening  of  the 
muscular  coat,  although  this  is  not  always  present.  There  is  also  some- 
times a  general  dilatation  without  obstruction,  and  probably  due  to 
diminution  of  contractility  in  the  muscular  coat. 
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(b)  Partial  dilatation  or  Diverticulum  occurs  in  two  principal  forms, 
according  as  the  force  causing  the  dilatation  is  pressure  from  within  the 
tube  or  traction  from  without. 

Tho  Diverticulum  by  pressure  from  within  (Pulsion-diverticulum)  may 
sometimes  owe  its  origin  to  a  slight  congenital  i^ouching  of  the  tube. 
This  may  be  due  to  an  imperfect  closure  of  the  communication  between 
the  oesophagus  and  the  trachea  during  foetal  life.  If  this  closure  be 
delayed,  then  the  wall  of  the  oesophagus  may  remain  bulged  out  in  front 
and  from  this  beginning  a  larger  diverticulum  may  arise. 

More  commonly,  however,  diverticula  form  on  the  posterior  wall 
and  usually  at  the  junction  of  pharynx  and  oesophagus.  It  is  probable 
that  for  the  most  part  this  form  originates  by  a  piece  of  hard  food 
lodging  in  a  fold  of  the  mucous  membrane,  and  being  gradually  pushed 
outwards,  carrying  the  wall  of  the  tube  with  it.  As  the  sac  enlarges,  it 
hangs  downwards  with  its  mouth  presenting  upwards,  and  so  it  is  always 
ready  to  receive  the  food  in  its  passage  downwards.  It  is  probable  that 
in  most  of  these  cases  there  is  a  separation  of  the  fibres  of  the  muscular 
coat  of  the  oesophagus  or  pharynx,  and  that  the  mucous  membrane  is 
pushed,  as  it  were,  through  the  muscular  coat,  which  is  thinnest  at  the 
junction  of  pharynx  and  oesophagus.  If  the  sac  is  of  any  considerable 
size  and  filled  with  food,  it  will  press  on  the  oesophagus,  and  of  itself 
produce  an  obstruction.  In  this  way  the  food  is  prevented  passing  down 
the  oesophagus  and  goes  readily  into  the  sac.  We  have  therefore,  for 
the  most  part,  a  continually  increasing  enlargement  of  the  diverticulum 
which  may  reach  the  dimensions  of  a  child's  head  or  larger.  It  contains 
the  remains  of  the  decomposing  food  with  mucus,  which  is  sometimes 
present  in  considerable  masses.  If  the  diverticulum  is  moderate  in  size 
its  wall  may  still  contain  some  muscular  fibre,  although  the  muscular 
coat  is  mostly  absent  except  just  at  the  neck. 

The  Traction  diverticulum  arises  by  cicatricial  contraction  of  struc- 
tures adherent  to  the  wall  of  the  oesophagus.  The  contracting  structure 
is  mostly  a  lymphatic  gland  at  the  root  of  the  lung,  which,  in  connection 
usually  with  phthisis,  has,  after  enlarging,  undergone  softening  and 
cicatricial  contraction.  By  dragging  on  the  wall  of  the  oesophagus  a 
funnel-shaped  pouch  is  formed,  whose  apex  is  usually  composed  of  cica- 
tricial tissue. 

This  form  of  diverticulum  is  peculiarly  prone  to  Perforation  at  the 
apex  if  hard  food  impinges  on  it.  This  leads  to  acute  inflammation  in 
the  neighbourhood,  resulting  in  an  abscess-like  cavity,  which  may  perfor- 
ate the  trachea  or  a  bronchus,  or  the  neighbouring  pleura  or  pericardium. 
In  the  former  case  there  will  jjrobably  be  gangrene  of  the  lungs,  and  in 
the  latter  acute  inflammation  of  the  serous  membrane. 
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2.  Obstruction  of  the  oesophagus  is  sometimes  Congenital.  There 
may  be  a  congenital  deficiency  in  the  middle  part  of  the  tube,  a  fibrous 
cord  representing  the  occluded  tube.  In  some  cases  the  oesophagus 
below  the  occlusion  opens  into  the  trachea.  Obstruction  also  arises  as  a 
consequence  of  pressure  from  mthout,  by  tumours,  aneurysms,  abscesses, 
but  is  still  more  frequent  from  disease  in  the  tube  itself  Ulcers  of 
various  kinds,  by  the  cicatricial  contraction  incident  to  attempts  at 
healing,  may  induce  obstruction,  as,  for  example,  ulcers  from  swallowing 
strong  acids,  syphilitic  ulcers,  etc.  Still  more  frequent  are  obstructions 
from  tumoiu-s  of  the  oesophagus,  and  especially  Cancers  (see  further  on). 
As  mentioned  above,  obstructions  of  the  oesophagus  frequently  give  rise 
to  dilatations  with  hypertrophy  of  the  muscular  coat  above  the  seat  of 
constriction.  Sometimes  the  dilatation  is  greater  in  one  locality  so  that 
with  a  general  dilatation  there  is  a  partial  diverticulum. 

3.  Inflammations  of  the  oesophagus.^ — ^The  mucous  membrane  of  the 
cesophagus  is  formed  so  as  to  resist  the  action  of  irritants,  and  unless 
the  action  be  peculiarly  strong  we  have  not  considerable  inflammation. 
When  strong  acids  or  alkalies,  or  sub- 
stances at  a  high  temperature,  are  swal- 
lowed, they  may  cause  superficial  necrosis 
and  considerable  inflammation  of  the 
mucous  membrane.  The  small-pox 
eruption  may  extend  into  the  oesopha- 
gus, producing  inflammation  there. 

Strong  acids  or  Alkalies,  when  swal- 
lowed, pass  rapidly  through  the  oesopha- 
gus, and  so  produce  much  less  serious 
results  than  they  do  in  the  stomach. 
Acids  produce  whitish,  yellowish,  or 
brownish  sloughs  of  the  epithelium, 
sometimes  penetrating  to  the  mucous 
membrane  itself.  Caustic  alkalies,  on 
the  other  hand,  dissolve  the  epithelium, 
producing  a  greyish  gelatinous  material 
which  lies  on  the  surface.    If  they  penc  ■ 

trate  to  the  mucous  membrane  they  -o  t   ^-     i    •  i  . 

Kig.  277. — Porforatuig  ulcer  in  lo%vcr  part 
reduce  it  to  a  soft,  brownish,  half-dif-  of  oesophagus.    The  ulccr  penetrated  .Uie 
'  mam  bronohus  of  tlie  left  lung. 

fluent  substance.    If  recovery  occurs, 

there  are  at  first  ulcers  with  more  or  less  violent  inflammation,  and 
afterwards  healing  with  contraction  of  the  ulcers  and  pos-sibly  consider- 
able narrowing  of  the  tube. 

Small-pox  pustules  in  the  oesophagus  are  very  similar  to  those  in  the 
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mouth,  and,  like  them,  they  readily  lose  their  epithelial  covering  and 
become  converted  into  ulcers.  They  are  accompanied  by  signs  of  inflam- 
mation of  the  mucous  membrane  generally. 

4.  Rupture  and  Perforation  of  the  oesophagus,— The  cesophagus  may 
be  directly  ruptured  by  hard  or  sharp  bodies  being  swallowed  with  the 
food.  The  author  observed  a  case  in  which  a  fish-bone  cut  through  the 
cesophagus  and  on  into  the  aorta. 

A  more  frequent  cause  of  perforation  is  disease  of  the  wall.  The 
Traction  diverticulum  is,  according  to  Zenker,  the  commonest  cause  of 
perforation.  Next  to  that  comes  Cancer  of  the  oesophagus,  the  actual 
perforation  here  being  often  produced  by  the  sound. 

Perforating  ulcer  sometimes  occurs  in  the  oesophagus,  its  causation 
being  similar  to  that  of  the  stomach  (which  see).  Fig.  277  represents 
such  an  ulcer,  which  perforated  into  the  left  main  bronchus,  causing 
gangrene  of  the  lung  on  account  of  food  passing  in.  There  have  been 
cases  in  which  the  ulcer  has  penetrated  into  the  aorta. 

5.  Tumours  of  the  (Esophagus. — Simple  tissue  tumours  are  rare.  We 
meet  with  Lipomas  and  Tibromas,  and  the  author  has  described  a  case 

of  Myoma  (Fig.  278)  in  which  a  tumour,  4| 
inches  long  and  2  inches  in  thickness,  was 
attached  by  a  comparatively  narrow  neck,  and 
produced  death  by  obstructing  the  tube.  Poly- 
poid tumours  of  a  similar  form  are  met  with, 
haAdng  a  fibrous  structure. 

Cancer  of  the  oesophagus  is  by  far  the  most 
important  form  of  tumour  met  with.  The 
cancer  is  nearly  always  in  the  form  of  flat- 
celled  epithelioma,  and  in  its  histological  de- 
tails closely  conforms  to  cancer  of  the  lip. 
The  masses  of  epithelial  cells  infiltrate  the 
spaces  in  the  underlying  connective  tissue,  and 
the  tumour  also  projects  somewhat  into  the 
calibre  of  the  tube.  Here  also  there  is  a  great 
tendency  to  ulceration,  the  mechanical  action 
of  the  food  in  swalloAving  doubtless  contribut- 
ing to  this  result. 

The  tumour  begins  at  a  limited  part  of  the 
Fig.  278.— Polypoid  myoma  of  mucous  membrane,  but  it  has  a  special  tendency 

oesophagus  in  eection,  and  semi-  ,         i.j  ii.ii.i-iij>  c       •  ' 

diagrammatic.  Tho  tumour  w,is  to  extend  rouud  the  tubc  in  the  form  of  a  rmg. 
i"causod'^consiTora'!^^^^  There  has  been  considerable  discussion  as  to 

t1etr:?Sarorificforsto'  the  most  commou  situation  of  the  tumour, 

and  the  result  of  the  comj^arison  of  various 


mach.   ilalf  the  natural  size. 
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statistics  seems  to  be  that  the  most  frequent  seat  is  the  lower  third. 
Scarcely  less  frequent  than  this  is  the  middle  third,  and  especially  the 
place  corresponding  with  the  bifurcation  of  the  trachea.  In  the  upper 
third  epithelioma  is  comparatively  infrequent. 

This  form  of  tumour,  when  it  surrounds  the  tube,  frequently  leads  to 
Obstruction  of  the  oesophagus.  On  examining  the  oesoj^hagus  after 
death  the  seat  of  the  tumour  is  often  indicated  externally  by  a  narrow- 
ing of  the  tube,  which  is  also  more  rigid  here  than  elsewhere.  The 
infiltration  of  the  walls  of  the  oesophagus,  by  irritating  the  connective 
tissue,  causes  a  chronic  inflammation  with  the  usual  newformation  of  con- 
nective tissue,  which  contracts  and  narrows  the  tube.  Besides  this,  the 
mere  rigidity  of  the  infiltrated  tube,  preventing  its  dilatation  when  the 
morsel  is  being  swallowed,  may  produce  a  virtual  obstruction  at  the 
point  concerned.  The  projection  of  the  tumour  into  the  calibre  is 
another  element,  which  tells  especially  in  the  earlier  periods.  But  as 
ulceration  occurs,  this  projection  of  the  tumour  usually  becomes  incon- 
siderable, and  there  may  even  be  a  temporary  relief  to  the  stricture  by 
partial  destruction  of  the  tumour.  The  ulceration  itself,  however,  by 
inducing  still  further  cicatricial  contraction,  may  ultimately  confirm  the 
obstruction. 

The  tumour  sometimes  extends  from  the  oesophagus  to  neighbouring 
lymphatic  glands,  or  to  surrounding  structures,  and  so  we  may  have  the 
trachea,  bronchi,  or  lungs  involved  in  it.  Sometimes  it  extends  to  the 
■diaphragm,  pericardium,  vertebrae,  etc. 

Literature. — Knott,  Path,  of  the  oesoph.  (with  references  to  literature),  1878;  Zenker, 
in  Ziemssen's  Encycl.,  vol.  viii.,  1878  ;  Klebs,  (Diverticulum)  Handb.  d.  path.Anat., 
i.  Perfcn-atinci  ulcer — ^Finlayson,  Glas.  Med."  Jour.,  xix.,  1883,  p.  313  ;  Floweb,  Med. 
chir.  trans., xxxvi.,  1853;  Hilton,  Path,  trans.,  vi.,  1854;  Pabt,  ibid.,  viii.;  Quincke, 
D.  Arch.  f.  klin.  Med.,  xxvi.,  1879  ;  Kehrer,  ibid.,  xxxvi.,  1885.  l^'itiyiouvs — Virchow, 
Geschwiilste,  iii. ;  Eosenbach,  (Sarcoma)  Berl.  klin.  Wochenschr.,  Sept.,  20  and  27, 
1875 ;  Coats,  (Myoma)  Glas.  Med.  Jour.,  iv.,  1875,  p.  201 ;  Pagge,  (do.)  Path,  trans., 
xxvi.,  1875,  p.  94. 

D. — The  Stomach. 

Introduction. — In-  considering  the  diseases  of  the  stomach,  it  is 
necessary  to  bear  in  mind  certain  points  in  regard  to  its  structure  and 
functions.  The  innumerable  glands  which  exist  in  the  mucous  mem- 
brane are  engaged  in  the  formation  of  the  Gastric  juice  for  the  pur- 
poses of  digestion.  The  diseases  of  the  stomach  very  readily  interfere 
with  the  function  of  these  glands,  so  that  the  secretion  of  gastric  juice 
is  insufficient  in  quantity  or  deteriorated  in  quality.    In  that  case  the 
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Food  is  apt  to  lie  in  the  stomach  undigested,  and  it  very  commonly 
undergoes  various  forms  of  Decomposition.  The  products  of  decom- 
position acting  on  the  mucous  membrane  still  further  interfere  with  the 
process  of  secretion,  and  by  their  irritative  action  k-eep  up  or  induce  a 
condition  of  catarrh  of  the  stomach.  Gases  also  develop  in  the  process 
of  decomposition,  and  these,  by  distending  the  organ,  interfere  mth  its 
proper  peristaltic  movements,  and  so  hinder  the  passage  of  the  food 
through  the  pylorus. 

But  it  is  not  merely  local  diseases,  such  as  inflammations  and 
tumours,  which  interfere  with  the  secretion  of  the  gastric  juice. 
Changes  characterized  by  Cloudy  swelling  and  Fatty  degeneration  are 
met  with  in  the  glandular  epithelium  in  numerous  infective  diseases, 
small-pox,  typhus,  septicaemia,  as  also  in  poisoning  with  phosphorus, 
etc.  In  these  cases  the  secretion  of  the  gastric  juice  may  be  almost  at 
a  standstill,  and  if  food  be  introduced  it  is  apt  to  lie  in  the  stomach  : 
by  its  mere  presence,  and  by  the  action  of  the  products  of  decomposi- 
tion, it  may  produce  still  further  structural  changes. 

The  forms  of  decomposition  which  the  food  undergoes  when  it  lies 
undigested  in  the  stomach  are  various,  but  the  chief  are  those  char- 
acterized by  the  development  of  Acetic,  Lactic,  and  But3Tric  acids. 
The  agents  in  these  changes  are  microbes  which  are  introduced  in 
abundance  with  the  food  and  propagate  in  the  stomach,  unless  their 
multiplication  is  hindered  by  the  action  of  the  gastric  juice.  In  the 
contents  of  the  stomach,  when  at  any  time  they  are  discharged  during 
life,  swarms  of  bacteria  are  found,  and  in  addition  there  are  nearly 
always  proliferating  spores  of  fungi  and  sometimes  large  numbers  of 
sarcinae. 

It  has  been  mentioned  that  the  products  of  decomposition  irritate 
the  mucous  membrane,  but,  in  addition  to  that,  microbes  have  been 
found  in  some  cases  to  enter  the  glands  and  mucous  membrane.  In 
some  of  the  cases  the  action  of  such  microbes  has  produced  little  Pus- 
tules in  the  mucous  membrane,  or  even  larger  prominences  with 
necrosis  and  ulceration.  It  may  be  inferred  that  it  is  microbes  of  a 
special  kind  or  in  a  jDeculiar  state  of  activity  which  thus  penetrate  into 
the  mucous  membrane.  Stagnation  of  the  food  in  the  stomach  and  its 
decomposition  will  occur  still  more  when,  by  stricture  of  the  pylorus, 
there  is  a  Mechanical  obstacle  to  the  i^assage  from  the  stomach. 

Besides  the  mere  local  effects  induced  by  the  products  of  decom- 
position, it  is  to  be  remembered  that  the  mucous  membrane  of  the 
stomach  is  actively  engaged  in  Absorption,  and  that  these  products  may 
to  some  extent  be  taken  into  the  blood.  It  is  probable  that  much  of 
the  headache  and  other  nervous  symptoms  occurring  in  dyspepsia  is 
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due  to  the  existence  in  the  blood  of  small  quantities  of  these  poisonous- 
agents  and  their  action  on  the  nervous  system. 

When  the  food  remains  in  the  stomach  and  accumulates  there,  it  is- 
usually  got  rid  of  after  a  time  by  Vomiting.  This  action  is  produced 
by  irritation  of  a  centre  in  the  medulla  oblongata,  and  the  muscles  em- 
ployed are  mainly  those  used  in  respiration,  but  in  different  combina- 
tions. The  centre  may  be  irritated  directly,  as  by  introducing 
apomorphia  or  tartar  emetic  into  the  blood,  or  by  disease  of  the 
brain  itself.  But  in  the  case  we  are  considering  it  is  irritated  by  reflex 
stimulation,  the  stimulation  taldng  origin  in  centripetal  fibres  in  the 
stomach  itself.  The  occurrence  of  vomiting  is  dependent  on  the  nature 
and  amount  of  the  irritation  applied  and  on  the  sensitiveness  of  the 
centre  in  the  individual. 

Post-mortem  changes. — After  death,  any  remains  of  food  lying  in  the  stomach  are 
apt  to  decompose  rapidly,  especially  as  the  gastric  juice  in  most  cases  is  not  secreted 
in  the  normal  way  up  to  the  period  of  death,  and  so  the  decomposition  is  not  inter- 
fered with.  The  decomposing  juices  therefore  act  readily  on  the  mucous  membrane, 
and  the  decomposition  may  even  extend  to  the  latter.  The  principal  changes  pro- 
duced are  Alterations  in  colour,  resulting  from  chemical  changes  in  the  colouring 
matter  of  the  blood.  This  may  become  diffused  out  of  the  blood-vessels  and  stain 
the  mucous  membrane  of  a  generally  red  hue,  the  colour  being  specially  pronounced 
in  the  neighbourhood  of  the  larger  vessels.  There  is  often  a  greenish  colour 
developed  by  the  decomposition  of  the  blood.  Lastly,  the  colour  may  be  almost 
black  or  slaty,  but  in  many  cases  this  deep  colour  is  not  altogether  post-mortem, 
depending  in  part  on  a  true  pigmentation  from  chronic  catarrh  of  the  mucous 
membrane. 

Softening  of  the  stomach  or  Gastromalacia  is  also  a  post-mortem  change.  It  is 
really  a  digestion  of  the  coats  of  the  stomach  by  the  gastric  juice.  As  a  rule  in 
persons  near  death  the  gastric  juice  is  not  secreted  normally,  but  if  the  person  die 
while  the  gastric  juice  is  stiU  active,  then  the  latter  may,  by  a  process  of  Digestion, 
act  on  the  coats  of  the  stomach.  This  condition  occurs  mostly  in  persons  who  die 
suddenly,  especially  if  the  body  is  kept  in  a  warm  place,  and  it  is  more  frequent  in 
children  than  in  adults.  In  the  slightest  degree,  the  mucous  membrane  alone  is 
softened,  and  it  can  be  removed  as  a  soft  paste  from  the  surface  of  the  muscular 
coat  with  the  finger.  Penetrating  deeper,  the  muscular  coat  and  even  the  serous 
coat  may  be  half  liquefied,  so  that  on  handling  the  stomach  it  may  be  perforated. 
The  stomach  may  even  Rupture  in  the  body,  and  the  contents  pass  outwards  jjro- 
ducing  softening  in  neighbouring  parts.  In  some  cases  the  diaphragm  has  been 
softened  in  this  way,  and  the  stomach  contents  have  passed  partly  into  the  pleural 
cavity. 

These  various  changes  occur  in  those  parts  of  the  stomach  where  the  contents 
have  been  lying  after  death.  This  is  generally  the  neighbourhood  of  the  fundus. 
As  the  contents  are  usually  fluid,  it  is  often  seen  that  the  changes  stop  short  at  a 
definite  level  and  the  unaltered  mucous  membrane  is  abruptly  demarcated  from  the 
altered  part.  The  pyloric  portion  of  the  stomach,  as  it  usually  lies  highest,  is 
least  frequently  affected,  and  this  is  important,  as  that  part  of  the  stomach  is  the 
most  frequent  seat  of  disease. 
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It  will  be  understood  that  many  of  the  pathological  changes  of  the  stomach  will 
he  obscured  by  the  occurrence  of  these  post-mortem  changes. 

Literature.— Ledbe,  in  Ziemssen's  Encycl.,  vii.,  1877;  Kussjuul,  D.  Arch.  f. 
Min.  Med.,  vi. ;  Bbunton,  Disorders  of  digestion,  1886.  Digestion  of  stomach— 
HuNTEE,  Phil,  trans.,  1772,  and  Works  by  Palmer,  iv.  116  ;  Burns,  Med.  and  Surg. 
Jour.,  1810;  Bambebgee,  Kr.  d.  chylop.  Syst.,  1855;  Viechow,  Wiirzb.  Verhandl., 
1850 ;  Ebeves,  Softening  of  stom.  in  children  and  adults,  1867. 

I.— MALFOEMATIONS  AND  CONTEACTIONS  OP  THE  STOMACH. 

1.  Congenital  malformations  of  the  stomach  are  not  of  great  conse- 
quence. There  may  be  abnormal  smallness  either  with  or  without  other 
more  general  malformations.  Sometimes  an  Hour-glass  form  is  pre- 
sented on  account  of  the  middle  part  of  the  stomach  being  contracted. 
But  this  malformation  may  be  acquired  by  cicatricial  contraction. 

Another  occasional  malformation  is  Atresia  of  the  stomach  at  the 
jjylorus.  The  stomach  has  a  blind  end,  and  there  is  no  open  connection 
mth  the  duodenum. 

2.  Contractions  of  the  stomach  may  be  general  or  local.  A  General 
contraction  is  produced  when  the  stomach  is  long  deprived  of  food. 
This  is  most  directly  produced  by  obstruction  of  the  oesophagus  or 
cardiac  orifice,  but  also  occurs  when,  for  any  other  reason,  food  is  not 
taken.  There  is  also  a  general  shrinking  sometimes  as  a  consequence  of 
scirrhous  cancer,  and  a  similar  shrinking  may  be  produced  by  periton- 
itis which  has  led  to  thickening  and  contraction  of  the  peritoneum 
generally. 

Partial  contractions  are  usually  the  result  of  cicatrization  of  ulcers. 
As  these  are  mostly  on  the  lesser  curvature,  the  two  orifices  may  be 
•drawn  close  together.  Sometimes  an  hour-glass  contraction  may  be 
produced  in  this  way.  There  is  also  occasionally  an  hour-glass  contrac- 
tion visible  post  mortem,  which  depends  merely  on  an  irregular  contrac- 
tion of  the  muscular  coat  and  is  of  no  special  significance.  Cancer  of  the 
stomach  may  produce  partial  contraction. 

Literature.— WiDEEHoPEE,  Handb.  d.  Kinderkrankh.,  iv.,  1880;  Mayeb,  (Atresia  of 
pylorus)  Virch.  Arch.,  cii.,  1885;  Caebington,  (Hour-glass  contr.)  Path,  trans., 
xxxiii.,  1882  ;  Hudson,  ibid.,  xxxviii.,  1887. 

II.— DILATATION  AND  HYPEETEOPHY  OF  THE  STOMACH. 

These  conditions  mostly  result  from  obstruction  to  the  passage  of 
food  through  the  pylorus  from  contraction  of  that  orifice.  A  simple 
weakness  of  the  muscular  coat  may  also  allow  of  passive  distension. 
Obstruction  of  the  pylorus,  causing  an  accumulation  of  the  contents, 
leads  in  the  first  instance  to  a  simple  distension  of  the  organ,  which  tells 
chiefly  on  the  parts  which  are  free  to  swell  out.  The  lesser  curvature  is 
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fixed  by  its  attachments,  and  it  usually  retains  nearly  its  normal  posi- 
tion except  that  its  middle  part  is  somewhat  dragged  downwards 
The  greater  curvature,  on  the  other  hand,  is  carried  downwards,  and 
the  stomach  may  virtually  fill  the  entire  abdomen,  reaching  as  far  as 
the  symphysis  pubis  in  some  cases.  Sometimes  the  pylorus  is  depressed 
and  the  duodenum  correspondingly  displaced. 

The  general  result  of  obstruction  of  an  orifice  is  compensatory  hyper- 
trophy of  the  muscular  coat  of  the  viscus,  such  as  frequently  develops 
in  the  heart  and  urinary  bladder.  But  the  muscular  coat  of  the  stomach 
has  a  somewhat  different  function  to  that  of  the  heart  or  bladder. 
In  the  latter  there  is  a  simultaneous  contraction  of  the  entire  muscle 
with  a  vieAv  to  the  emptying  of  the  viscus.  In  the  stomach,  however, 
the  contraction  is  vermicular,  and  its  object  is  as  much  to  move  the 
contents  about  inside  the  stomach  as  to  empty  them  into  the  duodenum. 
In  the  actual  propulsion  of  the  contents  into  the  duodenum  it  is  the 
pyloric  portion  of  the  stomach  that  is  engaged,  and  here  also  the 
material  is  carried  forward  by  a  vermicular  movement.  Hence  the 
hypertrophy  of  the  muscular  coat  in  obstruction  of  the  pylorus  does  not 
occur  uniformly  in  the  stomach,  but  localizes  itself  in  the  pyloric  por- 
tion, sometimes  even  with  a  special  thickening  just  at  the  orifice,  form- 
ing a  tight  Sphincter.  In  these  cases,  when  the  wall  of  the  stomach  is 
divided,  the  progressive  thickening  of  the  rigid  muscular  coat  can  often 
be  distinguished  as  the  pylorus  is  approached.  As  the  muscle  of  the 
stomach  is  in  bundles,  hypertrophy  produces  an  exaggeration  of  these, 
and  on  section  they  are  frequently  very  prominent,  especially  as  the 
connective  tissue  septa  between  them  are  also  hypertrophied.  The 
alternating  bundles,  as  seen  on  section,  have  been  compared  with  the 
leaves  of  a  fan. 

Literature.— Penzoldt,  Magenerweiterung,  1875 ;  Leube,  in  Ziemssen's  Encvcl 
vii.,  1877. 


III.— INFLAMMATIONS  OF  THE  STOMACH.  GASTEITIS. 
Acute  inflammations  may  be  produced  by  the  action  of  irritant 
poisons  which  have  been  swallowed,  the  inflammation  here  being 
accompanied  by  sloughing.  Phlegmonous  inflammation  is  rare  in  the 
stomach  as  compared  with  the  frequency  of  phlegmonous  angina  of  the 
fauces,  or  the  dysenteric  inflammation  of  the  intestine.  It  is  met  with 
occasionally  in  severe  infective  diseases,  and  particularly  in  puerperal 
fever.  There  is  great  swelling  and  redness  of  the  mucous  membrane, 
terminating  in  a  diffuse  purulent  infiltration  of  the  wall  of  the  stomach, 
chiefly  in  the  submucous  tissue.  Sometimes  abscesses  have  been  formed 
in  the  wall  of  the  stomach  which  have  burst  into  its  cavity. 
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Catarrh  of  the  stomach,  on  the  other  hand,  is  a  condition  of  very  fre- 
quent occurrence  and  is  met  with  in  the  acute  and  chronic  forms. 

Acute  catarrh. — This  is  induced  for  the  most  part  by  the  direct 
iiction  of  irritants  on  the  mucous  membrane,  mainly  by  the  use  of  irri- 
tating foods  or  drinks.  When  food  remains  in  the  stomach  undigested 
it  undergoes  decomposition,  and  the  irritating  products  may  induce  an 
acute  catarrh.  The  mere  prolonged  stay  of  food  in  the  stomach  pro- 
bably induces  it,  as  when  by  exposure  to  cold  the  secretion  of  the 
gastric  juice  and  the  peristaltic  action  necessary  to  the  process  of 
digestion  are  interfered  with. 

It  is  seldom  that  the  stomach  can  be  examined  after  death  in  this 
condition,  but  from  observations  of  Beaumont  on  his  patient  with  a 
gastric  fistula,  as  well  as  from  experiments  on  animals,  the  appearances 
of  the  mucous  membrane  have  been  tolerably  well  made  out.  There  is 
intense  redness  with  swelling  of  the  mucous  membrane,  which  is  covered 
by  a  layer  of  mucus  or  muco-pus,  sometimes  slightly  mixed  with  blood. 
The  appearances  are  most  marked  towards  the  pylorus,  and  sometimes 
confined  to  that  region. 

Under  the  microscope  the  blood-vessels  in  the  mucous  membrane,  and 
especially  in  the  submucous  tissue,  are  found  enormously  distended,  and 
the  epithelial  cells,  both  those  of  the  surface  and  of  the  glands,  enlarged 
and  granular. 

Chronic  catarrh. — This  often  remains  after  one  or  more  attacks  of 
the  acute  form.  It  is  also  present  in  cases  of  passive  hypersemia  of  the 
.stomach,  which  so  frequently  occurs  in  consequence  of  diseases  of  the 
heart  and  liver.  Cancer  of  the  stomach  is  also  accompanied  by  chronic 
catarrh  in  most  cases. 

If  the  catarrh  is  prolonged  there  usually  occurs  a  considerable  new- 
formation  of  connective  tissue,  as  in  other  chronic  inflammations.  There 
is  thus  a  thickening  which  afi'ects  mucosa,  submucosa,  and  muscular  coat, 
and  causes  the  surface  of  the  mucous  membrane  to  assume  an  irregularlj' 
folded  or  warty  appearance,  which  has  given  rise  to  the  designation  dtat 
mamelonnd.  The  mucous  membrane  also  presents,  in  many  cases,  dark 
spots  or  a  general  deep  slaty  colour,  from  the  presence  of  pigment 
granules  in  the  tissue.  The  pigment  is  derived  from  the  blood,  and 
indicates  the  occurrence  of  hsemorrhages,  probablj^  b}^  diapedesis.  The 
increase  of  the  connective  tissue  produces  Atrophy  of  the  glands,  which 
are  also  considerably  distorted. 

It  sometimes  hajjpens  that  the  increase  of  connective  tissue  is 
specially  great,  and  the  wall  of  the  stomach  may  be  converted  into  a 
thick,  hard,  resistant  structure.  As  all  these  processes  occur  mainly  in 
the  pyloric  portion  of  the  stomach,  considerable  Narrowing  of  the  orifice 
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may  result.  The  rigidity  of  the  wall  and  the  narrowing  of  the  orifice 
induce  more  forcible  muscular  contractions,  and  the  muscular  coat  there- 
fore hypertrophies.  The  thickened  and  indurated  condition  may  closely 
resemble  scirrhus  of  the  stomach,  especially  as  the  muscular  coat  is  often 
hypertrophied  in  that  disease  also. 

Occasionally  Mucous  polypi  develop  in  connection  with  chronic 
catarrh,  and  these  may  develop  into  mucous  cysts. 

Action  of  corrosives,  caustics,  and  poisons.  Strong  acids  and  alkalies 
acting  on  the  stomach  wall  cause  necrosis  to  a  greater  or  less  extent,  and 
also  produce  changes  in  the  resulting  slough.  As  already  noted  the  oeso- 
phagus is  often  but  slightly  involved.  The  intestine  is  frequently  afiected, 
sometimes  as  far  down  as  the  ileo-caecal  valve.  The  intensity  of  the  action 
depends  largely  on  the  concentration  of  the  acid  or  alkali.  Sometimes 
the  whole  thickness  of  the  stomach  is  dissolved,  and,  the  contents  having 
escaped,  the  action  extends  to  the  abdominal  organs.  The  affected  parts 
show  various  colours,  acids  generally  producing  a  dark  colour,  while 
alkalies  lead  to  a  more  tawny  appearance. 

If  the  patient  survive,  the  sloughs  will  be  discharged  and  there  may 
be  subsec[uently  cicatricial  contraction,  leading  sometimes  to  serious  de- 
formity and  stenosis  of  the  stomach. 

Carbolic  acid  produces  a  dry  stiff  condition  of  the  mucous  membrane 
-which  has  a  brownish  colour.  This  condition  may  also  extend  to  the 
intestine.    (See  case  in  Western  Infirmary  Museum.) 

Arsenic  does  not  produce  necrosis,  but  an  irritation,  evidenced  by 
hypersemia,  and  sometimes  by  ulceration.  Decomposition  is  prevented 
by  the  presence  of  considerable  quantities  of  arsenic. 

Literature. — Abebcrombie,  Eesearches  on  dis.  of  stomach,  etc.,  3rd  ed.,  1837; 
Ledbe,  1.  c;  Fenwick,  Morbid  states  of  stom.,  1868,  Atrophy  of  stom.,  1880 ;  Haber- 
SHON,  Observations  on  dis.  of  abdom.,  3rd  ed.,  1878  ;  Fox,  in  Eeynold's  Syst.  of  med., 
1868 ;  Beaumont,  Expers.  and  observations  on  gastric  juice,  etc.,  1833 ;  Silcock, 
(Phlegmonous  infl.)  Path,  trans.,  xxxiv.,  1883. 

IV.— THE  SIMPLE  PEEFOEATING  ULCEE. 

This  peculiar  form  of  ulcer  is  met  with  only  in  the  stomach,  first 
part  of  the  duodenum,  and  lower  part  of  oesophagus.  The  duodenum 
is  not  an  infrequent  seat,  the  oesophagus  a  more  unusual  one.  It  is  also 
called,  sometimes,  the  Round  and  the  Chronic  ulcer.  It  is  clear  from 
the  localities  in  which  it  occurs  that  its  peculiarities  are  duo  to  the 
action  of  the  gastric  juice. 

The  ulcer  is  usually  round  or  oval  in  shape,  and  presents  the  appear- 
ance as  if  a  conical  piece  of  the  wall  of  the  stomach  had  been  punched 
out  from  within,  its  edges  being  perfectly  defined  without  any  consider- 
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able  thickening  of  the  neighbouring  mucous  membrane,  and  the  floor  of 
the  ulcer  jDerfectly  clean  (see  Fig.  277,  p.  711).  The  superficial  extent 
and  depth  of  the  ulcer  vary  considerably.  The  commonest  size  is  about 
that  of  a  shilling,  but  this  may  be  exceeded  considerably,  and  Cruveilhier 
has  described  an  ulcer  which  was  6J  inches  long  and  3J  inches  broad. 
In  the  smaller  ulcers  the  floor  is  formed  of  the  coats  of  the  stomach, 
probably  with  some  new-formed  connective  tissue.  In  the  larger  and 
deeper  ones  the  tissue  of  neighbouring  organs  may  be  exposed,  such  as 
that  of  the  pancreas  or  liver.  The  floor  of  the  ulcer  does  not  present 
any  of  the  usual  appearances  of  a  granulating  wound,  but  is  clean  and 
smooth,  the  actual  tissue  of  the  part  being  exposed,  perhaps  with  some 
induration  from  newformation  of  connective  tissue. 

The  situation  of  the  ulcer  is  mostly  in  the  neighbourhood  of  the 
lesser  curvature,  and  nearer  the  pyloric  than  the  cardiac  orifice.  It  is 
more  frequent  on  the  posterior  than  the  anterior  wall.  Although  usually 
single  it  is  not  uncommon  to  find  more  than  one  ulcer  present  in  the 
same  case. 

The  ulcer  presents  a  tendency  to  penetrate  more  and  more  deeply, 
from  which  circumstance  it  is  named  the  Perforating^  ulcer.  It  does 
not  appear  to  extend  laterally  to  any  considerable  degree  ;  it  is  probable 
indeed  that  at  the  very  first  the  ulcer  assumes  its  fall  superficial  dimen- 
sions. Eating  into  the  wall  of  the  stomach,  it  may  penetrate  through 
the  entire  coats,  and  sundry  accidents  are  liable  to  ensue. 

One  of  the  commonest  of  these  accidents  is  Haemorrhage.  The  ulcer 
penetrates  one  or  more  vessels  at  its  base.  The  vessels  may  be  small 
and  the  hemorrhage  not  very  considerable,  but  sometimes  a  considerable 
artery  is  laid  open,  and  a  serious,  even  a  fatal  haemorrhage  results. 
From  the  commoner  situations  of  the  ulcers  the  arteries  most  fre- 
quently penetrated  are  these — the  coronary  artery  or  one  of  its 
branches,  the  gastro-epiploic,  the  pancreatic,  and  the  splenic.  Some- 
times the  open  mouth  of  the  vessel  can  be  seen  after  death  in  the  floor 
of  the  ulcer. 

Perforation  is  another  result  of  the  penetration  of  the  ulcer.  For 
the  most  part,  by  the  time  the  ulcer  ha.s  eaten  through  the  wall  of  the 
stomach,  the  latter  has  already  acquired  adhesion  to  some  neighbouring 
structure,  and  so  actual  rupture  of  the  stomach  and  escape  of  its  con- 
tents into  the  peritoneal  cavity  are  not  common.  The  adhesion  may  be 
to  the  liver  or  pancreas,  or,  more  rarely,  to  the  spleen,  diaphragm, 
colon,  abdominal  wall.  By  the  extension  of  the  ulcer  these  structures 
may  be  eaten  into  and  their  tissue  exposed.  The  tissue  when  first 
exposed  has  its  normal  appearance,  but  it  usually  becomes  condensed 
and  cicatricial.    Sometimes  the  irritation  of  the  gastric  juice  produces 
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suppuration  and  the  formation  of  an  Abscess,  especially  in  the  case  of 
penetration  into  the  liver. 

Rupture  of  the  stomach  results  if  perforation  occurs  without  previous 
adhesion  of  the  wall.  This  will  happen  most  readily  where  the  wall  of 
the  stomach  is  liable  to  shift  about  during  the  regular  peristaltic  move- 
ments, and  also  where  there  is  no  solid  viscus  to  which  it  may  readily 
adhere.  Both  these  conditions  are  fulfilled  in  the  case  of  ulcers  of  the 
anterior  wall,  and  so  it  happens  that  rupture  most  frequently  occurs  in 
this  situation.  The  ulcers  which  lead  to  perforation  are  frequently 
very  small,  and  the  aperture  in  the  serous  coat  may  be  as  large  as  the 
lUcer  itself.    The  result  of  the  rupture  is  acute  and  fatal  peritonitis. 

The  ulcer,  when  situated  at  or  near  the  pylorus,  may  lead  to  partial  Obstruction 
of  the  pylorus.  This  may  be  due  to  distortion  of  the  parts  and  folding  of  the 
mucous  membrane  from  shrinking  of  the  ulcer.  It  will  follow  most  readily  in  ulcers 
of  the  duodenum  immediately  beyond  the  sphincter.  This  situation  is  not  uncom- 
mon, and  the  ulcer  not  infrequently  partly  involves  the  edge  of  the  pylorus.  In  a 
case  observed  by  the  author  the  symptoms  during  life  and  even  the  appearances 
after  death  strongly  suggested  cancer  of  the  pylorus. 

Healing  of  the  perforating  ulcer  is  by  no  means  an  unusual  occur- 
rence. In  the  experiments  to  be  referred  to  presently,  in  which  ulcers 
were  produced  artificially  in  animals,  they  healed  very  readily.  In  man 
also  they  are  frequently  recovered  from,  and  we  often  meet  with  cica- 
trices in  the  stomach.  They  may  indeed  heal  without  leaving  a  very 
obvious  cicatrix  at  all.  The  author  met  with  a  case  in  which  three 
weeks  after  a  very  severe  hsemorrhage,  presumably  from  an  ulcer  of  the 
stomach,  only  an  obscure  cicatrix  could  be  found.  In  order  to  healing, 
the  acrid  condition  of  the  gastric  juice,  which  seems  to  be  the  chief 
agent  in  their  causation,  must  be  corrected. 

The  mode  of  origin  of  these  ulcers  is  a  matter  of  some  difficulty. 
It  is  obvious,  from  the  shape  and  appearance  of  the  ulcer,  that  it  has  arisen 
by  the  necrosis  and  subsequent  digestion  of  a  piece  of  the  wall  of  the 
stomach.  The  funnel-shaped  outline  of  the  ulcer  suggested  to  Virchow 
that  the  necrosis  occurred  by  obstruction  or  interference  with  an 
arterial  branch,  and  he  observed  as  confirmatory  of  this  that  the  ulcers 
most  frequently  had  their  seat  at  the  point  of  entrance  of  arterial 
branches  into  the  wall  of  the  stomach.  The  experiments  of  Panum 
and  Cohnheim  confirm  this  view  in  so  far  as  they  show  that  ulcers  may 
be  produced  by  embolism  of  the  arteries  of  the  stomach.  The  per- 
forating ulcer,  however,  is  not  met  with  specially  in  cases  of  embolism 
or  thrombosis  of  the  arteries  of  the  stomach,  but  in  the  immense  majority 
of  instances  in  cases  where  no  such  disturbance  of  the  circulation  exists. 
It  has  been  suggested  again  that  a  venous  hypertemia,  by  causing  stag- 
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nation  and  even  hsemorrhage  (see  afterwards)  in  defined  areas  of  the 
mucous  membrane,  may  produce  such  weakening  of  the  tissue  as  to 
induce  necrosis  and  digestion  of  it. 

In  most  cases  of  gastric  ulcer  there  is  serious  and  usually  prolonged 
Dyspepsia,  and  the  persons  are  frequently  ansemic.  Some  abnormal 
condition  of  the  gastric  juice,  by  virtue  of  which  it  is  peculiarly  irri- 
tating to  the  mucous  membrane,  seems  to  be  an  essential  factor,  while  a 
weakened  condition  of  the  mucous  membrane  is  also  of  consequence. 
In  most  cases  the  gastric  juice  is  abnormally  acid,  and  it  has  been 
thought  that  by  neutralizing  the  natural  alkalinity  of  the  tissues  it  may 
lead  to  their  necrosis. 

On  the  whole  it  seems  probable  that  an  acrid  gastric  juice,  taking 
advantage  of  any  accidental  stagnation  in  a  defined  area  of  the  mucous 
membrane,  may  lead  to  its  necrosis  and  the  formation  of  the  ulcer. 

The  frequency  of  ulcer  of  the  stomach  may  be  judged  of  from  the  fact 
that  according  to  the  results  of  post-mortem  examinations  it  is  said 
that  there  are  ulcers  or  cicatrices  in  about  one  in  twenty  of  the  cases 
examined  after  death. 

Literature. — Balllie,  Morb.  Anat.,  3rd  ed.,  1812  ;  Beinton,  Ulcer  of  stom.,  1857  ; 
ViBCHow,  Arch,  v.;  Mullee,  Geschwiir  des  Magens.,  1860;  Panum,  Vireh.  Arch.,  xxv.; 
CoHNHEiM,  Allg.  Path.,  ii. ;  Exbbs,  Handb.,  i. ;  Letibe,  in  Ziemssen's  Encycl.,  I.e.; 
Hatjser,  Das  Magengeschwiir,  sein  Vernarbungsproc,  1883. 

v.— HYPEREMIA  AND  H^MOERHAGE. 

Passive  hypersemia  of  the  stomach  is  of  very  frequent  occurrence, 
being  brought  about  not  only  in  that  large  class  of  cases  in  which  there 
is  ^-eneral  venous  engorgement,  but  also  in  those  in  which  a  localized 
lesion  in  the  liver  obstructs  the  portal  circulation.  The  mucous  mem- 
brane is  generally  reddened  in  such  cases,  and  there  is  usually  some 
catarrh.  There  are  usually  also  hsemorrhagic  erosions  visible  (see  below.) 

Severe  vomiting  also  leads  to  passive  hypersBmia,  appai'ently  by  the 
contraction  of  the  muscular  coat  obstructing  the  veins.  Here  also  there 
may  be  considerable  haemorrhage. 

Hsemorrhage  occurs  under  a  considerable  variety  of  circumstances. 
Ulcers,  Avhether  simple  or  cancerous,  frequently  cause  it.  It  may  result, 
as  just  mentioned,  from  passive  hypersemia,  and  it  occurs,  much  more 
rarely,  in  scurvy,  purpura,  yellow  fever,  and  typhus. 

In  the  case  of  ulcers  there  may  be  large  h£emorrhages  from  the 
rupture  of  considerable  vessels.  In  passive  hypersemia  there  is,  rather, 
a  leakage  from  the  superficial  vessels  of  the  mucous  membrane,  these 
being  least  supported,  and  the  blood  passes  chiefly  into  the  cavity  of  the 
stomach.    At  the  same  time  there  is  some  infiltration  of  the  mucous 
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membrane  in  its  superficial  layers,  and  these  parts  being  injm-ed  by  the 
blood  may  be  digested  by  the  gastric  juice.  In  this  way  arise  small  flat 
superficial  ulcers,  the  so-called  Haemorrhagic  erosions.  These  are 
generally  present  in  considerable  numbers,  chiefly  in  the  pyloric  region. 
In  the  erosions  there  may  be  still  some  remains  of  blackened  blood,  and 
alongside  them  there  are  little  areas  of  mucous  membrane  infiltrated 
mth  blood.  In  these  cases  also  the  mucous  membrane  is  often  gen- 
erally red  from  the  passive  hyperajniia,  and  possibly  thickened  by 
catarrh. 

The  blood  in  whatever  way  arising  is  generally  mixed  with  the  con- 
tents of  the  stomach,  and  blackened  by  the  gastric  juice.  If  the 
hcTemorrhage  be  very  severe,  as  from  an  ulcer  perforating  a  considerable 
artery,  the  blood  may  be  vomited  nearly  in  the  fresh  state,  but  usually 
it  is  tarry  or  like  coffee-grounds.  The  altered  blood  will  also  pass  into 
the  duodenum  and  onwards. 

Blood  sometimes  accumulates  in  the  stomach  when  it  has  a  different 
source,  as  when  an  aneurysm  ruptures  into  the  pharynx  or  oesophagus. 

VI.— TUBEECULOSIS  AND  SYPHILIS  OF  THE  STOMACH. 

Tubercular  ulcers  are  rare  in  the  stomach,  although  very  frequent  in 
the  intestine.  They  sometimes  occur  in  cases  of  advanced  phthisis 
pulmonalis.  The  ulcers  are  more  superficial  than  those  in  the  intestine, 
resembling  rather  those  of  the  urinary  bladder,  although  deeper  than 
them.    They  have  overhanging  edges  and  granular  floors. 

The  rarity  of  tubercular  ulcers  in  the  stomach  as  compared  with  the  intestine 
may  be  clue  to  two  circumstances.  In  the  first  place  the  gastric  juice  will  inhibit 
the  tubercular  bacilli  in  their  passage  through  the  stomach,  and,  in  the  second 
place,  the  stomach  is  devoid  of  the  closed  follicles  which  in  the  intestine  are  the 
primary  seats  of  the  tuberculosis.  This  fact  may  also  account  for  the  smaller  size 
and  more  superficial  character  of  the  ulcers. 

The  author  has  only  met  with  one  case,  and  in  it  the  patient  had  been  in  a  state 
of  extreme  inanition  for  some  weeks  before  death. 

Syphilis  is  also  excessively  rare  in  the  stomach,  but  Birch-Hirschfeld 
records  two  cases  in  his  Lehrbnch,  apparently  of  congenital  origin. 

Literature.— Coats,  (Tuberculosis)  Glasg.  Med.  Jour.,  xxvi.,  1886,  p.  63 ;  Birch- 
HiuscHFEr.D,  Lehrb.,  3rd  ed.,  1887,  ii.  538. 

VII.— TUMOUES  OF  THE  STOMACH. 

Cancer. — This  is  the  ordy  form  of  tumour  which  is  of  much  prac- 
tical importance,  and  it  is  of  exceedingly  frequent  occurrence.  From 
the  statistics  of  a  considerable  mimber  of  observers  it  appears  that 
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cancer  occurs  more  frequently  in  the  stomach  than  in  any  other  situation 
in  the  body,  the  uterus  being  the  next  most  frequent  site. 

The  great  frequency  of  cancer  in  the  stomach  is  probably  related  to  the  fact  that 
the  epithelial  structures  of  this  organ  are  more  exposed  to  various  irritations  than 
those  of  any  other  part  of  the  body.  Not  only  are  there  varieties  of  irritating  foods, 
but  the  foods  are  liable,  as  we  have  seen,  to  decomposition,  the  products  of  which 
produce  irritation.  In  cases  of  cancer  there  is  very  commonly  a  history  of  prolonged 
dyspepsia,  perhaps  from  youth. 

In  this  relation  the  simple  ulcer  may  be  again  referred  to.  There  have  been  cases 
observed  in  which  cancer  seemed  to  originate  in  the  simple  ulcer ;  but  the  simple 
ulcer  is  a  disease  mostly  of  youth,  whereas  cancer  is  a  disease  of  middle  Hfe,  the 
average  age  being  fifty  years.  It  is  almost  as  if  similar  causes  produced  the  simple 
ulcer  in  youth,  and  cancer  in  middle  life. 

In  its  Structure  and  Mode  of  growth,  cancer  of  the  stomach  conforms 
to  cancer  elsewhere.  It  consists  of  epithelial  masses  contained  in  a 
stroma. 

The  epithelium  originates  from  the  glandular  epithelium  of  the 
mucous  membrane,  and  sometimes  it  retains  to  a  large  extent  the  gland- 
ular characters  (epithelial  cancer).  In  growing,  the  cancerous  tissue 
first  infiltrates  the  mucous  membrane  and  submucous  tissue,  producing 
thickenings  of  them.  It  also  insinuates  itself  amongst  the  muscular 
bundles,  frequently  separating  these  and  replacing  them.  It  is  not  un- 
common to  find  in  the  muscular  coat  almost  isolated  outposts,  the  can- 
cerous tissue  having  only  a  narrow  connection  with  the  primary  tumour. 
The  cancer  penetrates  through  the  muscular  coat  to  the  subserous 
tissue,  but  does  not  commonly  involve  the  surface  of  the  peritoneum 
except  in  the  case  of  colloid  cancer  (see  under). 

In  their  growth  the  cancerous  processes  irritate  the  tissues,  and  there 
is  usually  a  considerable  infiltration  of  round  cells.  In  the  more  chronic 
infiltrating  forms,  there  is  a  great  newformation  of  connective  tissue, 
constituting  scirrhous  cancer. 

As  the  cancer  in  its  growth  causes  atrophy  of  the  proper  tissue,  the 
wall  of  the  stomach  comes  to  be  composed  more  or  less  of  cancer  tissue. 
This  is  less  calculated  to  resist  the  disintegrating  action  of  the  food  and 
gastric  juice  than  the  normal  mucous  membrane,  and  hence  Ulceration 
is  a  very  frequent  result.  This  will  occur  readily  in  the  softer  and  more 
superficial  cancers,  and  as  these  are  the  commoner,  it  is  usuallj'  a  pro- 
minent feature. 

The  Cancerous  ulcer  (Fig.  279)  is  usually  considerably  excavated, 
and  there  may  be  pieces  of  slough  in  its  floor.  Its  edges  are  prominent, 
sometimes  overhanging,  and  they  shade  oif  into  the  normal  mucous 
membrane.  In  its  central  parts  the  ulcer  may  penetrate  deeply,  some- 
times through  the  coats  of  the  stomach  into  neighbouring  viscera,  as 
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lead   to   ob-    ^^S-  279. — cancerous  ulcer  of  stomach     a,  Pylorus  ; 

6,  floor  of  ulcer,,  whose  promiueut  walls  are  shown. 
Natural  size. 


the  liver  or  transverse  colon.  On  the  other  hand,  the  floor  of  the  ulcer 
may  be  partially  cicatrized.  In  y 
slow-growing  epithelial  cancers 
the  ulcer  may  be  very  large  and  5 
with  its  overhanging  edges,  may 
occupy  a  large  part  of  the 
stomach. 

Cancer  of  the  stomach  usually 
begins  in  the  Pyloric  region, 
although  by  no  means  always. 
In  extending  it  not  infre- 
quently takes  the  form  of  a 
Ring  around  the  pyloric  region, 
and  by  its  prominence  and 
sometimes  by  the  contraction 
of  the  ulcer  may 
struction. 

The  cancer  afi'ects  surrounding  parts  both  by  Irritation  and  by  Exten- 
sion of  the  cancerous  growth.  The  peritoneal  surface  is  usually  the  seat 
of  chronic  inflammation,  so  that  adhesions  are  present,  sometimes  pro- 
ducing great  matting  and  entanglements  around  the  stomach.  The 
cancerous  growth  also  sometimes  extends  hy  continuity  into  organs 
with  which  adhesions  have  been  contracted,  chiefly  the  liver  and  trans- 
verse colon. 

The  Lymphatic  glands  are  usually  affected,  in  the  first  place  those 
immediately  in  connection  with  the  stomach  at  the  lesser  and  greater 
curvatures,  but  also  the  prevertebral  glands.  A  very  frequent  exten- 
sion is  to  the  Liver  (which  see)  and  a  less  frequent  one  to  the  Peritoneum 
generally. 

As  the  secondary  extension  of  cancers  of  the  stomach  and  intestine 
present  many  points  in  common,  a  special  section  is  devoted  to  the 
subject  further  on. 

The  general  characteristics  of  cancers  of  the  stomach  have  been  given 
above,  and  several  forms  have  been  referred  to.  It  is  possible  to  dis- 
tinguish four  difi"erent  forms,  which,  however,  are  not  absolutely 
separable. 

1.  Cylinder-celled  epithelioma  {Adenoid  cancer,  Mah'(/na,nt  adenoma). — In  this  form 
there  is  a  tolerably  definite  gland-like  newformation,  as  we  have  in  other  cases  of 
cylinder-celled  epithelioma.  There  are  spaces  lined  with  cylindrical  epithelium, 
but  very  often  this  regular  arrangement  is  lost  in  great  part,  and,  except  in  the 
more  recently  formed  parts,  we  have  more  irregular  masses. 

The  tumour  is  a  slowly  growing  one,  and  it  generally  involves  a  considerable 
portion  of  the  stomach  before  the  death  of  the  patient.    The  surface  is  nearly 
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always  ulcerated,  and  may  be  considerably  excavated.  There  are  sometimes  papilltp 
on  the  surface  of  the  tumour,  especially  at  the  marginal  parts,  which  give  the  sur- 
face a  warty  appearance. 

2.  Medullary  or  Soft  cancer. — This  form  is  closely  allied  to  the  preceding,  but  the 
cell  masses  are  larger  and  less  arranged  in  definite  gland-like  spaces,  while  there  is 
a  sparse  and  delicate  stroma.  The  tissue  is  soft,  and  it  is  specially  liable  to  bleed 
and  to  ulcerate.  The  latter  condition  is  so  frequent  and  characteristic  that  the 
tumour  often  presents  itself  as  a  round,  shaggy  ulcer  with  prominent  edges.  The 
bleeding  may  be  slight  but  frequent,  or  it  may  be  more  considerable  and  even  fatal. 
This  form  very  commonly  shows  numerous  large  tumours  in  the  liver. 

3.  Scirrhus. — In  this  form  the  newformation  of  epithelial  cells  is  not  very  rapid 
or  vigorous,  and  it  is  accompanied  by  an  excessive  formation  of  connective  tissue  in 
the  form  of  stroma.  Originating  in  the  glandular  epithelium,  long  processes  com- 
posed of  rows  of  cells,  often  with  few  abreast,  are  produced.  These  processes  seem 
to  be  peculiarly  irritating,  as  they  give  rise  to  the  production  of  round  cells  and  of 
dense  connective  tissue  which  are  sometimes  more  manifest  than  the  proper  epithe- 
lial elements.  These  elements  may,  in  fact,  degenerate,  and  leave  little  besides 
condensed  hard  connective  tissue. 

The  cancer  mostly  begins  in  the  pyloric  region,  but  extends  inwards  till,  in  some 
cases,  it  has  involved  the  entire  wall  of  the  stomach,  except  the  fundus.  The  wall 
of  the  stomach  is  converted  into  a  stiff  hard  mass  which  may  be,  in  some  places,  an 
inch  in  thickness.  The  surface  of  the  affected  portion  of  the  stomach  is  irregular, 
with  rounded  prominences,  and  there  are  sometimes  ulcers  present,  but  there  is  not 
a  general  ulceration  as  in  the  case  of  the  epithelial  and  medullary  forms.  The 
affected  portion  of  the  stomach  is  often  greatly  contracted  in  this  disease,  especially 
the  pyloric  region. 

4.  Colloid  cancer. — The  other  forms,  and  especially  the  epithelioma,  occasionally 
undergo  a  partial  colloid  degeneration,  but  in  this  form  the  cells  have  a  special 
tendency  from  the  first  to  undergo  colloid  metamoi-phosis,  so  that  even  in  the  more 
recent  parts  there  is  often  already  a  considerable  advance  in  the  degeneration.  The 
outlines  of  the  cells  disappear  as  the  protoplasm  becomes  transformed  into  colloid 
material,  and  as  the  nuclei  resist  the  degeneration  longer,  we  sometimes  see  the 
peculiar  api^earance  of  oval  nuclei  as  if  floating  in  a  clear  transparent  material. 
Finally,  the  whole  epithelial  elements  are  converted  into  colloid  material,  and  the 
structure  presented  is  a  beautiful  reticulated  network  with  spaces  tilled  with  a 
transparent  colourless  jelly  (Fig.  97,  p.  274). 

As  the  colloid  material  occupies  more  space  than  the  original  cells,  the  spaces  of 
the  alveoli  are,  as  it  were,  tightly  packed  with  the  jelly,  and  the  fibres  of  the  stroma 
rendered  tense  and  rigid.  Hence,  although  the  structure  is  composed  mainly  of  a 
soft  jelly,  yet  it  is  to  the  feeling  hard  and  rigid,  just  as  a  tensely  filled  bladder  may 
be. 

The  tumour,  like  other  cancers,  usually  begins  towards  the  pylorus,  but  it 
extends  gradually  till  it  comes  to  involve  a  large  area,  sometimes  even  as  much  as 
three  fourths  of  the  entire  extent  of  the  viscus.  The  wall  of  the  stomach  is  con- 
verted into  a  transparent  glancing  tissue,  and  in  the  more  advanced  parts  it  is 
impossible  any  longer  to  distinguish  the  different  coats,  all  being  homogeneously 
replaced  by  the  cancerous  tissue.  The  wall  of  the  stomach  is  considerably  thickened, 
and  the  internal  surface  may  present  an  irregular  asiiect  with  prominences ;  but 
there  is  little  tendency  to  ulceration.  As  the  thickened  wall  is  tense  and  hard,  the 
stomach  when  cut  into  does  not  generally  collapse,  but  keeps  its  shape.    There  is 
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uo  tendency  to  contraction  of  the  stomach  as  in  scirrhus,  but,  on  the  contrary,  the 
organ  may  be  considerably  enlarged. 

This  form  has  a  very  marked  tendency  to  extend  continuously  both  along  the 
stomach  and  also  through  the  stomach  to  the  peritoneum.  Hence  it  produces 
secondary  tumours  in  the  peritoneum  itself  much  more  readily  than  in  the  lympha- 
tic glands  and  liver. 

The  remaining  tumours  of  the  stomach  are  of  trivial  consequence. 
We  have  already  seen  that  Mucous  polypi  and  Cysts  occur  in  chronic 
catarrh.  Lipomas  and  Myomas  have  been  met  with,  as  also  Fibromas 
and  Sarcomas,  but  they  are  very  rare. 

Secondary  cancer  scarcely  ever  occurs  in  the  stomach.  There  may 
be  an  extension  from  the  lower  end  of  the  oesophagus  of  flat-celled 
epithelioma,  and  a  few  cases  of  metastasis  have  been  observed. 

Literature. — Myoma — Vibchow,  Geschwiilste,  iii.  126.  Sarcoma  —  Wickhasi 
Legg,  St.  Earth.  Hosp.  Eep.,  x.,  1874;  Hardy,  Gaz.  des.  H6p.,  1878,  p.  25;  Vie- 
CHow,  Geschwiilste,  ii.  325.  Cancer — Eokitansky,  (Adenoma)  Lehrb. ,  iii.  155 ;  Hauseb, 
Magengeschwiir,  Bezieh.  zur  Entwick.  des  Careinoms,  1883 ;  Mooee,  (Cancer  in 
child),  Path,  trans.,  xxxvi.,  1885;  Koster,  Die  Entwick.  der  Carcinome ;  Ebstein, 
Volkmann's  Vortrage,  1875,  No.  75 ;  Grawitz,  (Metastasis  of  cancer,  and  literature) 
Virch.  Ai'ch.,  Ixxxvi.,  1881 ;  Coupland,  Path,  trans.,  xxvii.,  1876,  p.  264. 

E. — The  Intestines. 

Introduction. — The  diseases  of  the  intestines  resemble  in  many  re- 
spects those  of  the  stomach,  but  there  are  important  differences.  In 
structure  the  intestine  differs  from  the  stomach  in  several  respects.  We' 
no  longer  have  the  specific  glands  peculiar  to  the  stomach,  but,  on  the 
other  hand,  the  intestine  presents  numerous  closed  lymphatic  follicles 
in  its  mucous  membrane,  and  these  are  only  present  to  a  very  slight 
extent  in  the  stomach.  These  lymphatic  follicles  are  solitary  or  col- 
lected into  groups,  in  the  latter  case  forming  the  well-known  Peyer's 
patches. 

After  leaving  the  stomach  the  food  passes  rapidly  through  the  upper 
part  of  the  small  intestine,  occupying  on  an  average  two  and  a  half  to 
three  hours  in  doing  so,  and  it  is  at  the  same  time  rendered  alkaline  and 
partially  protected  from  further  decomposition  by  the  pancreatic  fluid 
and  the  bile.  The  movement  of  the  intestinal  contents  is  effected  by 
the  peristaltic  contraction  of  the  bowel,  and  the  rapid  passage  of  the  con- 
tents through  the  small  intestine  indicates  that  here  the  peristalsis  is 
pecidiarly  active,  whereas,  in  the  large  intestine,  it  is  slow.  When 
the  ffEces  reach  the  large  intestine  they  are  still  fluid,  and  the  chief 
function  of  the  colon  seems  to  be  to  complete  the  absorption  of  the 
fluid,  and  allow  the  fjBces  to  become  thicker.    But  if  the  peristaltic 
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action  of  the  large  intestine  be  increased,  then  there  will  be  no  time 
for  the  faeces  to  become  thick,  and  fluid  evacuations  will  be  the  result. 
This  will  be  still  more  the  case  should  the  movement  of  the  small  intes- 
tine be  increased,  and  the  contents  carried  even  more  quickly  than  usual 
through  it. 

It  will  be  seen  that  Diarrhoea  results  from  increased  peristaltic  move- 
ment, and  that  the  evacuations  will  be  more  fluid  the  higher  up  the 
increased  movement  begins.  Certain  medicinal  agents  produce  fluid 
motions,  and  these  seem  to  act  generally  by  increasing  the  peristalsis, 
although  some  appear  to  produce  their  eff'ects  by  causing  a  transudation 
of  fluid  into  the  canal  (Hay).  Irritating  articles  of  food  produce  a  like 
increase  of  the  peristalsis  and  diarrhoea,  and  so  may  ulcers  and  inflam- 
mations of  the  intestine  itself. 

In  the  stools  in  diarrhoea  we  may  expect  to  find  chemical  constituents 
which  normally  are  present  in  higher  parts  of  the  intestine,  but  absorbed 
before  reaching  the  rectum.  If  the  diarrhoea  arises  from  increased  peri- 
stalsis of  the  colon,  then  we  shall  find  material  which  is  normal  in  the 
caecum,  such  as  undecomposed  bile,  leucin,  chloride  of  sodium,  peptones, 
and  sugar,  some  of  which  are  present  in  ajipreciable  quantity  in  normal 
faeces.  But  if  the  diarrhoea  has  involved  the  small  intestine,  then  we 
shall  find  these  constituents  much  more  abundantly,  and  also  remains  of 
undigested  food. 

We  have  already  seen  in  the  case  of  the  stomach  that  many  of  its 
diseases  are  connected  -ndth  the  fact  that  the  food  stagnates  and  decom- 
poses in  that  viscus.  It  will  be  seen  from  what  has  gone  before  that  the 
intestinal  contents  stagnate  chiefly  in  the  Large  intestine,  and  next 
to  that  in  the  lower  part  of  the  small  intestine.  It  is  probably  due  to 
this  that  we  find  the  jejunum  peculiarly  free  from  all  forms  of  disease ; 
in  this  respect  contrasting  with  the  lower  part  of  the  small  intestine, 
the  ileum,  but  still  more  with  the  large  intestine.  Hence  it  is  that 
the  diseases  of  the  large  intestine  resemble  those  of  the  stomach  much 
more  than  those  of  the  small  intestine  do.  This  is  especiallj''  true  in 
regard  to  simple  inflammations,  Avhich  very  often  are  concentrated  on 
those  parts  where  the  intestinal  contents  most  readily  stagnate,  namely, 
the  caecum  and  the  rectum.  It  is  true  also  of  cancer,  which  is  very  rare 
in  the  small  intestine  but  common  in  the  large,  especiall}^  in  the  c£ecum 
and  rectum. 

It  is  to  be  remembered  further  that  the  intestine  is  a  comparatively 
narrow  tube,  and  is  subject  to  obstruction  in  various  ways. 

Post-mortem  changes. — These  are  not  so  important  as  those  of  the  stomach.  After 
death  the  blood  is  apt  to  gravitate  towards  the  more  dependent  parts  of  the  wall  of 
the  intestine,  and  the  colouring  matter  being  dissolved  out  and  staining  the  mucous 
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membrane,  it  may  give  rise  to  a  deceptive  appearance  of  inflammation.  Similarly 
the  intestine  may  be  stained  with  the  biliary  colouring  matter  in  the  neighbourhood 
of  the  gall-bladder. 

Literature.— CoHNHEiM,  Allg.  path.,  1882,  ii.  132;  Nothnagel,  Phys.  u.  Path,  dew 
Dai-mes,  1884;  Hay,  Jour,  of  Anat.  and  Phys.,  xvii.,  1883;  Mabkwald,  Virch.  Arch., 
1875,  Ixiv.  505. 

.  I.— MALFOEMATIONS  OP  THE  INTESTINE. 

Congenital  malformations  of  the  intestine  are  of  considerable  fre- 
quency. The  most  important  are  those  in  which,  from  a  fault  of 
development,  a  part  of  the  intestine  is  wanting.  The  colon  or  the 
rectum  may  be  entirely  absent  at  birth,  being  represented  by  a  solid 
cord ;  or  the  rectum  may  be  partially  occluded,  in  some  cases  in  its 
middle  part,  in  others  at  its  lower  extremity.  All  these  cases  present 
the  characters  of  Imperforate  anus,  but  their  gravity  varies,  the  most 
hopeful  from  the  surgical  point  of  view  being  those  iu  which  only  the 
extreme  lower  part  of  the  rectum  is  defective,  and  the  gut  is  separated 
from  the  anus  only  by  a  membrane  (see  p.  49). 

There  occurs  also  narrowness  and  defect  of  the  small  intestine, 
especially  in  the  duodenum  and  lower  end  of  the  ileum.  The  whole 
intestine  is  sometimes  deficient  in  length,  having  something  like  the 
form  of  the  letter  S  instead  of  the  usual  convolutions.  In  such  cases  the 
absorption  and  digestion  of  food  must  be  defective,  but  the  persons  may 
live  on  to  old  age. 

The  commonest  malformation  is"  Meckel's  diverticulum.  This  con- 
sists in  a  finger-like  projection  from  the  intestine.  It  occurs  in  the 
ileum,  about  three  or  four  feet  above  the  ileo-csecal  valve  in  the  adult, 
and  about  a  foot  above  it  in  the  new-born ;  it  projects  from  the  free  con- 
vex border  of  the  gut.  It  is  from  one  to  six  inches  long,  possessing  the 
same  structure  as  the  intestine,  and  communicating  with  the  latter ;  it  is 
narrower  in  its  calibre,  being  of  a  diameter  rather  more  than  that  of  the 
finger.  This  diverticulum  arises  by  the  imperfect  closure  of  the  omphalo- 
mesenteric duct,  and  sometimes  it  is  united  to  the  umbilicus  by  a  cord. 
Very  rarely  is  the  diverticulum  continued  to  the  umbilicus,  and  opens 
there,  forming  an  Umbilical  fistula. 

Sometimes  the  diverticulum  gets  closed  more  or  less  completely  at  its 
orifice  by  a  fold  of  mucous  membrane  or  otherwise.  In  that  case  the 
accumulation  of  intestinal  secretion  in  it  may  give  rise  to  the  formation 
of  a  cyst,  the  Enter ocystoma. 

Literature. — Lkiciitenstkrn,  in  Ziemssen's  EncycL,  vii.,  1887;  Oiith,  Path.  Anat., 
1887,  i.  704;  Fitso,  (Omphalo-mesenteric  remains,  cysts,  etc.)  Amer.  Jour,  of  Med. 
He,  July,  1884;  Both,  (Enterocystoma)  Virch.  Arch.,  1881,  Ixxxvi.  371. 
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II.— EMBOLISM  AND  H^MOEEHAGE. 

1.  Embolism  of  the  mesenteric  arteries.— This  condition  has  already 
been  considered  at  p.  77.  The  embolism  produces  hasmorrhage  and 
necrosis,  the  process  being  similar  to  that  in  the  hsjmorrhagic  infarction. 
The  haemorrhage  may  be  very  considerable.  If  the  patient  survive,  the 
slough  after  separation  leaves  an  Ulcer  (the  Embolic  ulcer,  Parenski). 

Vei-y  few  cases  of  this  kind  have  been  examined  post  mortem,  and  in  these  it  has 
been  the  superior  mesenteric  which  has  been  plugged.  There  is,  however,  some 
reason  to  believe  that  embohsm  of  the  inferior  mesenteric  may  have  similar  results. 
Both  of  these  vessels  have  anastomosing  communications,  but  they  are  insufficient 
to  restore  the  circulation  in  the  central  parts  of  the  area  to  which  the  vessels  are 
distributed,  although  they  do  so  at  the  periphery.  Hence,  the  infarction  is  less  in 
extent  than  the  area  of  distribution.  The  subject  has  been  very  fuUy  elucidated  by 
the  experiments  of  Litten. 

2.  Hasmorrhage.— Besides  the  rare  form  just  mentioned,  we  have 
haimorrhage  resulting  from  various  causes.  Ulcers  of  various  sorts  lead 
to  it,  especially  cancerous  and  typhoid.  Passive  hyperajmia  is  also  not 
infrequently  a  cause,  especially  when  it  depends  on  obstruction  of  the 
portal  system  in  the  liver.  In  this  case  hsemorrhage  is  more  liable  to  be 
from  the  large  intestine  than  the  small.  Intussusception  and  hernia,  by 
obstructing  the  vessels,  may  induce  haemorrhage  by  a  local  passive 
hypersemia. 

Literature.— Litten,  Virch.  Arch.,  Ixiii.,  1875;  Moyes,  (Hteratm-e  fuUy)  Glasg. 
Med.  Jour.,  xiv.,  1880;  Geawitz,  Virch.  Arch.,  ex.,  1887;  Paeenski,  Wien.  Med. 
Jahrb.,  1876,  iii. 


III.- HERNIA  OR  RUPTURE. 

True  hernia  consists  in  a  protrusion  of  the  intestine,  omentum,  or 
other  abdominal  organ  into  a  sac  formed  by  a  prolongation  of  the  peri- 
toneum. The  sac  may  project  externally,  or  it  may  be  contained 
within  the  abdomen,  and  so  we  may  distinguish  External  and 
Internal  hernias.  The  hernias,  especially  the  external  ones,  are  of  so 
much  importance  in  a  surgical  point  of  view  that  full  descriptions  are 
given  in  the  surgical  and  anatomical  text-books,  and  need  not  be 
repeated  here,  except  in  outline. 

For  the  most  part  the  sac  is  an  entirely  abnormal  projection  of 
the  peritoneum.  An  exception  to  this  occurs  in  the  case  of  congenital 
inguinal  hernia,  in  which  the  sac  is  formed  by  the  persistence  of  a  foetal 
condition.  There  is  a  partial  exception  also  in  the  case  of  most  inter- 
nal hernias,  where  the  sac  usually  arises  by  the  exaggeration  of  an 
existing  normal  pouch. 
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Causation  of  hernias. — Hernias  are  usually  ascribed  to  the  abdominal 
contents  being  subjected  to  undue  pressure.  In  severe  muscular  eftbrts, 
such  as  are  involved  in  lifting  beavj^  weights,  the  glottis  is  closed,  and 
the  muscles  of  expiration  fix  the  chest  and  abdomen,  the  contents  of  the 
abdomen  being  subjected  to  severe  pressure  by  the  contraction  of 
the  muscles  of  the  abdominal  wall.  If  there  is  any  part  of  the  wall 
which  is  unduly  weak  a  bulging  outwards  may  occur  here,  and  so  give 
the  starting  jjoint  for  the  hernial  protrusion. 

In  this  connection  the  greater  frequency  of  hernia  on  the  right  side  may  be  noted. 
In  violent  exertions  the  right  arm  is  usually  more  used  than  the  left,  and  as  the 
chest  is  bent  over  to  the  left  side  to  counterbalance  the  strain  on  the  right,  the  lower 
surface  of  the  diaphragm  faces  more  to  the  right  and  presses  the  viscera  towards 
that  side.  It  is  clear  that  straining  at  stool  or  otherwise  will  also  increase  the 
pressure  on  the  abdominal  contents,  and  any  excess  will  predispose  to  hernia. 

The  protrusion  takes  place  where  there  is  any  Weakness  of  the 
abdominal  wall.  The  external  hernias  occur  at  specially  unsupported 
parts  of  the  wall,  while  the  internal  ones  have  usually  a  pouch  ready 
made  as  a  starting  point.  The  abdominal  wall  from  its  anatomical  con- 
formation is  weak  at  certain  points  in  every  person,  but  there  may  be 
congenitally  a  special  weakness,  which  in  some  cases  seems  to  be  heredi- 
tary. On  the  other  hand  when  the  abdominal  contents  are  increased, 
as  a  result  of  tumours,  fluid  accumulation,  or  pregnancy,  the  stretched 
wall  may  be  weakened.  It  may  be  so  also  from  direct  injury  to  the 
wall. 

Another  cause  is  sometimes  assigned  for  the  production  of  hernias, 
namely  an  abnormal  elongation  of  the  mesentery.  It  is  supposed  that 
such  a  lesion  will  allow  the  intestine  to  impinge  unduly  against  the 
abdominal  wall,  especially  at  its  lower  parts. 

The  hernial  sac- — The  viscera  nearly  always  push  the  peritoneum 
before  them,  and  the  proper  sac  is  formed  by  the  peritoneum,  which 
shows  a  remarkable  power  of  stretching.  But  there  are  cases  of  pro- 
trusion in  which  the  aperture  has  been  produced  by  actual  rupture  of 
the  peritoneum,  and  in  these  cases  the  hernia  may  be  devoid  of  a 
proper  sac.  These  cases,  however,  of  what  may  be  called  False  hernia, 
are  exceedingly  rare,  as  an  injury,  although  tearing  the  muscular  wall 
and  other  tissues,  will  generally  leave  the  elastic  peritoneum  uninjured 
and  cajjable  of  protrusion. 

In  Congenital  hernias  the  sac  is  formed  of  peritoneum,  but  there  has 
been  no  actual  protrusion.  In  congenital  inguinal  hernia  the  sac 
is  formed  by  the  tunica  vaginalis,  whose  connection  with  the  peritoneum 
has  remained  patent.  In  congenital  umbilical  hernia  the  peritoneum 
is  prolonged  into  the  umbilical  cord  (see  p.  48). 
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The  hernial  sac  usually  acquires  adhesions  to  the  structures  among 
which  it  is  protruded,  and  it  does  so  by  a  chronic  inflammation. 
It  very  often  happens  also  that  the  contents  of  the  sac  become  adherent 
to  its  internal  surface  by  inflammation,  and  in  that  case  the  hernia 
is  irreducible. 

Forms  of  hernia. — It  is  not  necessary  to  enter  fully  into  the 
individual  forms  of  hernia,  and  of  the  external  ones  little  more  than  an 
enumeration  will  sufiice. 

The  external  hernias  are,  (1)  Inguinal  hernia  in  the  congenital 
and  acquired  forms,  or,  as  otherwise  divided,  direct  and  oblique. 
(2)  Femoral  hernia.  These  two  are  by  far  the  commonest  forms. 
Of  comparatively  rare  occurrence  are,  (3)  Hernia  of  the  sciatic  notch ; 

(4)  Perineal  hernia,  protruded  between  the  fibres  of  the  levator  ani ; 

(5)  Vaginal  hernia;  (6)  Hernia  of  the  foramen  ovale;  (7)  Umbilical 
hernia,  which  is  congenital  or  acquired,  in  the  former  case  arising  by 
protrusion  into  the  dilated  umbilical  cord ;  (8)  Abdominal  hernia 
occurring  in  various  parts  of  the  abdomen,  chiefly  towards  the  edges  of 
muscles,  and  arising  by  tearing  of  tendons  or  muscular  fibres,  hence 
frequently  traumatic  ;  its  commonest  situation  is  near  the  linea  alba. 

Internal  hernia  comes  less  frequently  into  sight,  and  the  possi- 
bility of  its  existence  is  apt  to  be  forgotten. 

1.  Diaphragmatic  hernia  is  perhaps  the  commonest.  There  is  a 
congenital  form  in  which  a  sac  is  protruded  through  one  of  the  normal 
apertures,  or  through  a  part  of  the  diaphragm  which  hj  reason  of 
defective  development  has  given  way.  The  protrusion  is  into  the 
chest,  and  the  sac  may  contain  intestine,  spleen,  liver,  stomach.  There 
is  also  an  acquired  form,  due  nearly  always  to  some  injmy  to  the 
diaphragm,  and  the  hernia  is  frequently  devoid  of  a  proper  peritoneal  sac. 

From  a  case  recorded  by  Dr.  Adams,  it  appears  that  a  tumour  growing  against  tlie 
diaphragm  (in  his  case  from  the  capsule  of  the  spleen)  may  so  weaken  it  as  to  lead 
to  hernial  protrusion.  In  diaphragmatic  hernias  from  rupture,  a  large  portion  of 
the  abdominal  viscera  may  be  protruded. 

2.  Retroperitoneal  hernia  inckides  cases  in  which  the  intestine 
passes  into  a  pre-existing  pouch  in  the  peritoneum,  greatlj'  enlarging 
and  filling  it.  The  hernial  sac  hence  lies  behind  the  pei'itoneum  of 
which  it  is  an  offset.  There  are  three  pouches  in  the  peritoneum  which 
are  capable  of  giving  rise  to  such  hernias. 

The  fossa  jejano-duodenalw  is  the  most  important.  It  exists  just  where  the 
jejunum  arises  from  the  duodenum,  and  lies  between  the  last  part  of  the  duodenum, 
which  bounds  it  on  the  right,  and  the  aorta,  which  bounds  it  on  the  left.  The 
pouch  was  present,  according  to  Waldeyer,  in  about  70  per  cent,  of  the  bodies  which 
he  has  examined,  and  is  generally  large  enough  to  admit  the  terminal  phalanx  of  the 
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thumb.  It  is  best  seen  -when  the  jejunum  and  small  intestine  generally  are  raised 
and  carried  to  the  right,  so  that  the  origin  of  the  mesentery  may  be  exposed.  The 
little  pouch,  if  present,  is  then  seen  lying  in  the  posterior  wall  of  the  abdomen  with 
a  shaip  sickle-like  margin.  Sometimes  a  fold  of  the  jejunum  passes  into  this  pouch, 
constituting  a  hernia.  The  pouch  may  be  greatly  enlarged  by  the  protrusion  of 
further  portions  of  the  intestine  into  it,  and  cases  have  been  recorded  in  which  the 
entire  intestine  has  passed  into  the  greatly  distended  sac. 

The  /bsso.  subcceccdis  has  its  seat  between  the  folds  of  the  meso-colon  ascendens. 
Into  this  pouch  the  intestine  is  very  rarely  protruded,  and  the  pouch  itself  only 
occurred  in  about  30  per  cent,  of  the  bodies  examined  by  Waldeyer. 

The  fosm  intersigmoidea  is  a  pouch  in  the  meso-colon  of  the  sigmoid  flexure  lying 
between  its  two  folds.  The  aperture  is  in  the  under  layer.  This  is  the  commonest 
of  these  pouches,  occurring  in  about  80  per  cent,  of  the  bodies,  but  from  the  position 
of  the  aperture  it  does  not  appear  ever  to  become  the  seat  of  hernia. 

Contents  of  hernias. — The  parts  protruded  are  usually  the  intestine, 
and,  for  the  most  part,  the  more  moveable  small  intestine.  Sometimes 
also  the  great  omentum  is  carried  into  the  sac.  The  urinary  bladder, 
large  intestine,  or  any  part  of  the  contents  of  the  abdomen,  may,  under 
exceptional  circumstances,  pass  into  the  sac. 

As  the  contents  of  the  sac  are  unduly  exposed  to  j^ressure,  stretching, 
and  friction,  there  is  apt  to  be  a  Chronic  peritonitis  set  up  in  the  wall, 
especially  in  old  cases.  This  may  unite  the  loops  of  intestine  together. 
In  the  case  of  large  hernias  with  wide  necks  there  may  be  complete 
matting  of  the  intestine  so  produced.  It  even  happens  that  if  the 
hernia  be  such  as  to  allow  successively  of  the  descent  of  any  part  of  the 
small  intestine,  the  whole  of  the  loops  of  the  small  intestine  may  be 
mutually  adherent. 

If  the  intestine  be  long  retained  the  chronic  inflammation  may 
induce  adhesion  of  the  intestine  to  the  internal  wall  of  the  sac,  and  the 
hernia  becomes  Irreducible.  It  may  be  irreducible  from  other  causes, 
such  as  narrowness  of  the  neck,  protrusion  of  an  excessive  bulk  of 
viscera,  etc. 

The  mode  of  descent  of  the  Large  intestine  merits  special  notice.  The  sigmoid 
flexure,  being  freely  moveable,  may  be  protruded  just  like  the  small  intestine,  and 
the  cfficum  or  transverse  colon  may  also  sometimes  pass  into  a  sac  in  a  similar 
fashion,  but  otherwise  the  large  intestine  having  no  mesentery  and  being  only 
partially  covered  with  peritoneum  does  not  usually  descend.  When  it  does  its 
descent  is  in  some  respects  comparable  with  that  of  the  testis  in  the  foetus.  Before 
its  descent  the  testis  lies  behind  the  peritoneum  and  is  only  jjartially  covered  by  it. 
As  it  descends  it  remains  with  only  a  partial  peritoneal  covering,  and  even  in 
the  tunica  vaginalis,  after  the  sac  has  sejparated  from  the  general  peritoneum,  the 
testis  lies  behind  with  its  posterior  aspect  free  of  peritoneum.  And  so  in  a  hernial  sac, 
the  csEcum  may  be  carried  down,  but  in  its  new  position  it  remains  only  partially 
covered  with  peritoneum,  and  really  forms  as  it  were  a  part  of  the  wall  of  the  sac. 
This  will  only  occur  in  very  large  hernias  as  a  rule,  but  when  it  does  occur  the 
piece  of  intestine  will  be  irreducible. 
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A  still  more  peculiar  condition  sometimes  occurs.  The  intestine  may  be  pro- 
truded mainly  at  the  part  where  it  is  uncovered  by  peritoneum,  and  instead  of 
pushing  a  peritoneal  sac  before  it,  it  may  as  it  were  drag  one  after  it.  As  the  gut  is 
protruded  it  may  even  get  more  and  more  stripped  of  peritoneum,  so  that  the 
hernia  may  be  much  more  extensive  than  the  sac.  This,  however,  is  a  very 
exceptional  occurrence,  and  it  is  more  common  to  find  that  as  an  ordinary  hernia 
advances  it  drags  the  colon  into  it,  so  that  besides  free  loops  of  small  intestine  there 
may  be,  fixed  in  the  wall  and  only  partly  covered  by  j)eritoneum,  a  ■piece  of  the 
ctBCum,  or  the  sigmoid  flexure,  or  even  the  fundus  of  the  bladder. 

In  a  similar  fashion  to  that  just  described,  the  ovary  may  be  protruded.  A  large 
majority  of  cases  of  Ovarian  hernia  are  congenital,  and  they  appear  to  arise  by  a 
fault  of  development  by  which  the  ovary  descends  as  the  testis  does  normally.  The 
ovary  passes  through  the  inguinal  ring  and  takes  a  sac  with  it,  but  just  like  the 
testis  it  is  itself  attached  to  the  wall.  The  sac  remains  open  like  the  tunica 
vaginalis  in  a  congenital  inguinal  hernia.  The  ovary  in  that  case  ^vill  be  irredu- 
cible, unless,  as  sometimes  happens,  the  broad  ligament  is  so  long  as  to  allow  the 
ovary  to  pass  back  through  the  neck.  In  this  case,  however,  the  ovary  will  stiU 
have  its  fixed  attachment  in  the  sac.  Apart  from  this  congenital  inguinal  form, 
ovarian  hernias  may  be  acquired,  and  these  may  be  either  inguinal  or  femoral. 

Strangulation  and  Incarceration. — These  terms  express  a  condition 
in  which  the  contents  of  the  sac  are  caught  tightly  at  the  neck,  so 
that  there  is  not  only  a  hindrance  to  their  return  but  an  excessive 
pressure  interfering  with  the  circulation. 

This  mostly  occurs  when,  on  account  of  some  peculiarity  in  the 
situation  of  the  intestine  as  it  issues  from  the  sac,  there  is,  to  begin 
with,  a  partial  obstruction.  If  the  intestine  at  its  entrance  into  the  sac 
be  free,  while  at  its  exit  it  makes  a  sudden  bend  so  as  to  cause  a  partial 
obstruction,  then  the  faeces  will  pass  readily  in,  but  will  accumulate 
inside  as  they  do  not  find  free  exit.  The  mere  loading  Avith  fteces  may 
cause  irreducibility,  and  if  the  faeces  decompose  the  development  of 
gas  may  still  further  increase  the  bulk  of  the  contents.  In  this  way  the 
sac  will  become  too  full,  and  as  the  neck  is  narrow  there  will  be  special 
constriction  here.  Again,  the  intestine  already  in  the  sac,  by  its 
peristaltic  movement,  may  drag  more  and  more  of  the  gut  after  it,  till 
the  intestine  may  become  impacted  at  the  neck. 

In  any  case  the  neck  of  the  sac  constricts  the  portion  of  intestine 
concerned,  and  the  most  direct  effect  is  Obstruction  of  its  veins.  This 
itself,  by  producing  hyperaemia,  and,  it  may  be,  oedema  of  the  mucous 
membrane,  leads  to  swelling  and  further  constriction.  The  whole  pro- 
truded piece  becomes  of  a  dark  colour  from  venous  engorgement  and 
haemorrhage.  Finally  the  pressure  may  be  enough  to  close  even  the 
arteries. 

The  venous  obstruction  alone  seems  sufficient,  if  complete,  to  cause 
necrosis  of  the  intestine,  and  so  Gangrene  is  an  occasional  result.  If 
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the  arteries  are  also  obstructed  there  is  still  greater  probability  of  the 
occurrence  of  gangrene. 

Sometimes  the  obstruction  is  relieved  before  gangrene  has  occurred,  and  yet  in 
some  of  these  cases  a  severe  inflammation  results  after  the  intestine  has  been 
returned  to  the  abdomen,  leading  on,  it  may  be,  ultimately  to  gangrene  of  the 
affected  piece  of  gut.  The  probable  explanation  of  this  is  that  during  the  incar- 
ceration the  blood-vessels  have  been  so  damaged  that,  on  the  restoration  of  the 
circulation,  they  are  no  longer  able  to  recover.  It  has  been  shown  by  experiment  (in 
the  ear  of  the  rabbit)  that  if,  by  ligaturing  the  main  arteries,  the  vessels  of  the  part 
are  deprived  of  blood  for  a  time,  and  then  the  circulation  restored  by  loosing  the 
ligature,  the  result  is  active  hyperemia,  acute  inflammation,  or  the  hfemorrhagic 
infarction,  according  to  the  time  during  which  the  ligature  has  acted.  So  in  the 
case  before  us,  the  release  of  the  constriction,  by  allowing  of  the  re-estabhshment  of 
the  circulation  in  vessels  seriously  compromised,  may  lead  to  inflammation  or 
gangrene. 

Literature. — For  external  hernias  see  surgical  and  anatomical  works.  Wood  in 
Ashurst's  Encycl.  of  Surg.,  1885,  v.;  Bowditch,  Diaphragmatic  hernia,  1853; 
Gablick,  Path,  trans.,  1878,  xxix. ;  Baker,  (Pericardial  diaphragmatic)  ibid.,  1877 
xxviii. ;  Adajis,  Glasg.  Med.  Jour.,  1880,  xiv.,  p.  353 ;  Waideyeb,  Vireh.  Arch.^ 
1874,  Ix.,  p.  65 ;  Baifoub,  Edin.  Med.  Jour.,  1869 ;  Eve,  Lancet,  1885 ;  ENGLTScni 
(Ovarian  hernia)  Strieker's  Med.  Jahrbiicher,  1871,  p.  335  ;  Albebt,  (Hernia  in- 
flammata)  ibid.  239. 

IV.— TWISTING  OF  THE  INTESTINE.  VOLVULUS. 

This  is  a  condition  of  frequent  occurrence,  but  one  which  is  perhajDs 
too  little  borne  in  mind  as  a  cause  of  obstruction.  It  occurs  in  the 
great  majority  of  cases  at  the  Sigmoid  flexure  of  the  colon.  The 
ascending  colon  above  the  flexure,  and  the  rectum  below  it,  have 
virtually  no  mesentery,  being  flxed  to  the  abdominal  wall.  The  flexure 
therefore  is  fixed  at  its  two  extremities  and  these  are  near  one  another 
while  the  loop  forming  the  flexure  is  moveable. 
It  is  as  if  the  loop  were  attached  by  its  two  ends 
to  a  fixed  point,  and  it  is  easy  to  understand  how 
it  should  sometimes  twist  roimd  this  as  an  axis. 
The  twist  is,  as  it  were,  in  two  half  turns  (see  Fig. 
280),  and  it  is  usually  the  upper  limb  of  the  loop 
which  turns  round  the  lower  at  its  neck. 

The  twisting  causes  some  obstruction  of  the 
intestine,  but  this  is  not  usually  complete.  Fseces 
still  pass  into  the  flexure,  and  they  may  accumu- 
late in  enormous  quantity.    This  partial  obstruc- ^ij^^-^rfl^.^^^""! i,f 
tion  with  accumulation  of  fteces  may  persist  for  t,mf "Ih,}',^^  tiIe"'iower''8o 
months  and  lead  to  extreme  dilatation  of  the " 

" 00    passed    up    from  the 

noxure,  so  that  it  may  fill  the  abdomen  and  reach 

up  to  the  diaphragm.    The  walls  of  the  intestine  in  these  prolonged 
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cases  may  be  greatly  thickened,  especially  the  muscular  coat.  In 
some  cases  twisting  may  exist  without  any  obstruction  of  consequence. 

While  twisting  is  most  common  in  the  sigmoid  flexure,  it  is  liable  to  occur  also 
when  other  parts  of  the  intestine  assume  similar  relations,  that  is  to  say  when  a  free 
loop  of  small  intestine  becomes  fixed  at  its  extremities,  and  these  extremities  are 
near  each  other.  This  happens  most  frequently  when  one  extremity  is  normally 
fixed,  as  is  the  case  at  the  upper  and  lower  ends  of  the  small  intestine,  where  on  the 
one  hand  the  duodenum,  and  on  the  other  the  colon,  is  fixed  to  the  abdominal  wall 
and  holds  the  intestine  down.  If,  by  inflammation  or  otherwise,  an  abnormal 
adhesion  is  acquired  so  that  the  gut  is  fixed  at  a  point  near  the  situation  nf  the 
natural  fixation,  then  twisting  is  apt  to  occur,  and  probably  more  readily  here  than 
in  the  sigmoid  flexure,  as  the  small  intestine  is  naturally  more  mobile. 

The  author  has  recorded  a  case  in  which  a  peritonitis  had  fixed  the  small  intestine 
about  a  foot  above  the  ileo-ceecal  valve,  so  as  to  bring  about  the  conditions  named, 
and  twisting  occurred  in  consequence.  A  fixation  may  also  be  brought  about  by  a 
Meckel's  diverticulum  which  has  retained  its  connection  with  the  umbilicus  (Coup- 
land's  case). 

Literature.— Coats,  Glasg.  Med.  Jour.,  xiii.,  1880,  p.  445  ;  Coupland,  Path,  trans., 
xxxi.,  1880,  p.  144. 

v.— INTUSSUSCEPTION  AND  PEOLAPSE  OF  THE  INTESTINE. 

1.  Intussusception  or  Invagination.— In  this  condition  one  portion 
of  the  intestine  passes  into  another.  In  order  that  one  piece  may 
slip  inside  another,  the  one  must  present  active  peristaltic  contractions, 
while  the  other  is  relaxed.  The  portion  narrowed  by  the  violent  peri- 
stalsis passes  inside  of  the  relaxed  part.  This  usually  occurs  in  the 
natural  direction  of  the  peristalsis,  but  it  may  be  reversed. 

The  condition  is  most  frequent  in  children  in  whom  the  peristalsis  is 
very  active,  and  in  whom  also  the  large  intestine  is  more  freely  moveable 
than  in  adults. 

These  conditions  are  most  frequently  satisfied  at  the  junction  of  the 
small  and  large  intestines.  The  large  intestine  is  naturally  wide,  and 
its  peristaltic  movements  are  sluggish.  If  then  the  ileum  at  its  last  part 
presents  peculiarly  violent  peristaltic  contractions  it  may  pass  into  the 
large  intestine.  The  invagination,  however,  is  not  usually  a  simple  in- 
version of  the  ileum  into  the  colon ;  in  most  cases  the  ileo-caecal  valve  is 
carried  before  the  advancing  ileum  and  forms  the  apex  of  the  intruded 
piece.  This  implies  that  the  caecum  itself  is  carried  inwards  and  in- 
verted, and  the  orifice  of  the  vermiform  appendage  is  sometimes  to  be 
found  near  the  apex  of  the  invagination.  The  invagination  is  not  in- 
frequently very  extreme,  and  the  invaginated  part  may  be  carried  right 
on  to  the  rectum,  so  that  the  apex  may  be  felt  per  aiuim. 

Besides  this  form  we  also  meet  with  invagination  of  the  large  intes- 
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tine  itself"  one  part  into  a  succeeding  part.  It  occurs  but  rarely  in  the 
small  intestine. 

In  the  bodies  of  children,  especially  those  who  have  died  from  cerebral  or  intes- 
tinal affections,  we  frequently  meet  with  a  form  of  invagination  which  has  produced 
no  symptoms  during  life,  and  has  really  occurred  just  at  the  time  of  death.  It  is 
usually  present  in  the  small  intestine,  where  a  small  inversion  of  one  part  into  a 
succeeding  one  is  foimd.  The  invagination  is  easily  reduced  by  slight  dragging,  and 
there  are  none  of  the  secondary  changes  visible,  such  as  are  to  be  mentioned  imme- 
diately as  following  invagination.  Just  at  death,  or  immediately  after  it  (as  may  be 
frequently  seen  in  animals),  the  intestine  commonly  shows  violent  peristaltic  move- 
ments, but  these  are  irregular,  and  it  readily  happens  that  a  much  contracted  part 
passes  inside  a  relaxed  portion. 

When  a  piece  of  intestine  is  invaginated,  there  are  three  tubes,  the 
outside  one  in  its  natural  position,  forming  the  sheafh,  the  internal  one, 
which,  although  abnormal  in  position,  runs  in  the  usual  direction,  and 
the  middle  one  joining  the  other  two,  and  with  its  mucous  surface 
directed  outwards.  There  is  frequently  a  more  complicated  condition 
than  this,  the  intestine  being  tightly  packed  in  several  layers.  The 
mesentery  is  carried  in  with  the  intestine,  and  by  being  dragged  on  at 
one  side,  it  may  give  the  gut  a  somewhat  oblique  direction. 

The  packing  of  intestine  causes  considerable  interference  with  the  circu- 
lation, and  this  is  increased  by  the  mesentery  being  partly  included  and 
its  vessels  pressed  on.  The  obstruction  to  the  calibre  of  the  intestine  is 
thus  associated  with  hypersemia,  oedema,  haemorrhage,  inflammation,  and 
even  gangrene,  just  as  in  an  incarcerated  hernia.  The  inflammation  may 
lead  to  general  peritonitis ;  or  the  separation  of  a  gangrenous  part  may 
allow  of  the  escape  of  the  intestinal  contents  and  lead  to  a  fatal  peri- 
tonitis. On  the  other  hand,  permanent  adhesion  may  occur,  between 
the  sheath  and  the  upper  end  of  the  included  part,  at  the  proximal  ex- 
tremity of  the  invagination,  and,  the  inner  and  middle  tubes  becoming 
gangrenous,  they  may  come  away  in  whole  or  in  part,  as  a  slough,  and 
the  continuity  of  the  intestine  be  restored  with  the  loss  of  a  piece.  It 
is  not  usual  for  complete  gangrene  of  the  included  tubes  to  occur,  but 
what  remains  becomes  adherent  to  the  sheath,  and,  by  contraction, 
gradually  accommodates  itself,  and  so  the  calibre  is  fully  restored. 

2.  Prolapse  of  the  intestine.— This  condition  connects  itself  naturally 
with  invagination.  It  is  the  protrusion  of  the  intestine  outside  the  body 
through  the  anus  or  through  an  artificial  anus.  The  commonest  form  is 
the  ordinary  Prolapsus  ani.  This  only  occurs  when  the  sphincter  is 
greatly  relaxed  by  catarrh  or  by  violent  pressing  at  stool,  but  when  it 
has  frequently  happened  the  sphincter  atroiihies  and  the  prolapse  occurs 
very  readily. 

There  are,  strictly  speaking,  two  forms  of  prolapsus  ani.    In  the  one 
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little  more  than  the  mucous  membrane  is  protruded,  and  it  is  seen  to  be 
continuous  with  the  skin  at  the  anus.  In  the  other  form  there  is  really 
an  invagination  as  well  as  a  protrusion.  The  lower  part  of  the  rectum  is 
so  fixed  that  the  whole  wall  cannot  be  protruded,  but  only  its  mucous 
membrane  as  in  the  form  just  considered.  But  the  upper,  more  move- 
able part,  may  be  invaginated  into  the  lower  part  and  then  protruded. 
This  mostly  occurs  as  a  consequence  of  violent  peristaltic  contraction  of 
the  rectum  in  cases  of  severe  diarrhoea  with  tenesmus. 

In  both  forms  the  exposed  mucous  membrane  becomes  inflamed  and 
is  liable  to  bleeding.  The  inflammation  sometimes  causes  through  time 
adhesion  and  fixation  of  the  bowel  in  its  abnormal  position. 

VI.— INFLAMMATION  IN  AND  ABOUND  THE  INTESTINE.  ENTERITIS. 

We  have  already  seen  that  the  mucous  membrane  is  frequently 
irritated  by  the  contents  being  of  an  obnoxious  nattu-e  by  reason  of  de- 
composition or  otherwise.  In  addition  to  that,  inflammation  may  be 
produced  by  the  action  of  specific  morbid  poisons,  chiefly  those  of 
dysentery,  typhoid  fever,  and  cholera.  We  have  therefore  in  the  first 
place  to  consider  the  simple  inflammations  and  afterwards  these  others. 

1.  Catarrh. — Catarrhal  inflammations  of  the  intestine  are  very  com- 
mon in  children  and  can  usually  be  traced  to  the  character  of  the 
ingesta,  perhaps  along  with  exposure  to  cold.  The  common  autumn 
diarrhoea,  which  is  so  fatal  to  children,  is  generally  due  to  improper 
food.  Cold,  by  interfering  with  digestion  and  peristaltic  action  may 
induce  the  intestinal  contents  to  stagnate  and  decompose.  The  in- 
fluence of  the  intestinal  contents  in  producing  catarrhs  is  shown  by 
the  localities  at  which  inflammations  are  most  common.  The  large 
intestine  is  much  more  frequently  afi"ected  than  the  small,  and  in 
the  large  intestine  the  caecum,  with  the  vermiform  appendage,  is  the 
most  frequent  seat,  and  next  to  that  the  rectum. 

The  catarrh  may  be  Acute  or  Chronic.  It  is  characterized  by  hyper- 
semia  and  swelling  of  the  mucous  membrane,  with  exudation  of  serous 
fluid  and  leucocytes.  There  is  also  increased  secretion  of  mucus,  which 
in  the  case  of  the  colon  may  be  very  excessive.  The  exudation  is 
usually  Mucous  in  character,  but  in  the  more  acute  inflammations  it 
may  assume  more  or  less  of  a  Purulent  character.  If  this  be  the  case 
the  mucous  membrane  is  liable  to  be  infiltrated  with  inflammatory  cells, 
and  after  a  time  to  undergo  Ulceration.  This  occurs  Math  peculiar 
frequency  in  the  caecum,  and  next  to  it  in  the  rectum. 

Catarrhal  ulcers  are  usually  of  considerable  area  and  comparatively 
superficial.    Neighbouring  ulcers  may  coalesce  so  as  to  produce  exten- 
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sive,  variously  shaped  losses  of  substance,  in  the  midst  of  which  the 
remaining  mucous  membrane  appears  as  raised  patches  with  irregular 
outline.  Sometimes  the  floor  of  the  ulcer  is  so  smooth,  and  the  remain- 
ing mucous  membrane  so  irregular  from  inflammatory  infiltration,  that 
it  looks  as  if  the  ulcer  were  the  normal  mucous  membrane  and  the 
patches  of  persisting  mucous  membrane  adventitious.  The  ulcers  of 
ordinary  catarrh  are  superficial,  and  unless  exposed  to  continued  irri- 
tation, as  by  the  prolonged  presence  of  hard  faeces,  they  do  not  tend  to 
perforation,  and  readily  heal  when  the  cause  of  catarrh  is  removed. 

In  the  course  of  catarrhs,  ulcers  also  arise  from  the  Closed  follicles. 
There  are  indeed  some  catarrhs  in  which  the  latter  are  mainly  affected, 
appearing  as  rounded  prominences  and  flat  elevations,  corresponding  to 
the  solitary  follicles  and  Peyer's  patches.  This  form  is  called  Folli- 
cular enteritis.  The  follicles  may  be  so  infiltrated  with  inflammatory 
products  as  to  form  virtually  small  abscesses  resulting  in  crater-shaped 
ulcers  which  may  afterwards  enlarge.  In  this  way  arise  the  so-called 
Follicular  ulcers. 

A  frequent  result  of  catarrh  is  Atrophy.  This  occurs  as  part  of  the 
induration  of  the  mucous  membrane  which  follows  chronic  inflammation. 
The  atrophy  affects  first  the  mucous  membrane,  its  glands  being  specially 
involved,  but  it  may  extend  to  the  submucosa  and  even  to  the  muscular 
coat.    According  to  Nothnagel,  atrophy  is  of  very  frequent  occurrence. 

Another  result  is  Hypertrophy  of  the  mucous  membrane  such  as  we 
find  so  frequently  in  the  case  of  the  stomach.  Here  also  there  may  be 
Mucous  polypi  and  Cysts  as  in  the  stomach.  They  are  most  frequent 
in  the  large  intestine,  and  if  seated  in  the  rectixm  they  may  project 
through  the  anus. 

A  condition  of  not  infrequent  occurrence  is  Enteritis  membranacea.  In  this  disease 
considerable  pieces  of  membrane  are  passed  at  stool,  sometimes  in  hollow  cylinders 
as  if  casts  of  the  intestine.  These  are  composed  of  mucus,  with  eijithelium 
entangled  in  them.  They  are  generally  regarded  as  the  result  of  chronic  catarrh  of 
the  large  intestine,  but  Nothnagel  asserts  that  inflammation  is  not  necessary,  and 
that  it  may  be  the  result  merely  of  defective  peristaltic  action  allowing  of  accumu- 
lation of  mucus  in  the  folds  of  the  large  intestine.  Hence  Nothnagel  suggests  the 
name  Colica  mucosa. 

2.  Phlegmonous  and  Diphtheritic  inflammations. — Some  cases  of 
catarrh  have  a  more  acute  character,  and  assume  the  characters  of  sup- 
purative or  phlegmonous  inflammation,  the  conditions  ajjproximating  to 
those  in  severe  dysentery  (see  further  on).  Such  conditions  are  due  to 
peculiar  virulence  in  the  intestinal  contents,  and  may  be  brought  about 
by  irritant  poisons  such  as  corrosive  sublimate.  There  may  also  be  an 
acute  inflammation  in  diphtheria.    The  relation  of  these  conditions  to 
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the  intestinal  contents  is  shown  by  the  fact  that  they  occur  chiefly  in 
the  large  intestine  and  in  the  parts  where  the  contents  are  especially 
prone  to  lie,  namely,  crecum,  flexures,  and  rectum. 

3.  Localized  inflammations. — It  has  already  been  indicated  that 
certain  localities  are  more  liable  to  inflammation  than  others,  and  as 
the  inflammations  of  certain  of  these  regions  present  special  points  of 
importance  they  have  received  special  names. 

Duodenitis  is  usually  an  extension  of  a  catarrh  of  the  stomach,  and 
it  would  not  warrant  any  special  reference  except  from  the  fact  that 
the  Common  bile  duct  often  takes  part  in  the  catarrh,  and  we  have 
obstruction  and  Icterus  sometimes  resulting  from  this  simple  cause. 

Typhlitis  and  Perityphlitis  designate  conditions  which  require  very 
special  notice.  These  two  terms  mean  respectively  inflammation  in  and 
around  the  caecum,  but  they  are  frequently  used  so  as  to  include  inflam- 
mations in  connection  with  the  vermiform  appendage. 

In  some  cases  the  caecum  is  very  seriously  inflamed  and  ulcerated, 
especially  when  large  masses  of  hard  faeces  lodge  in  it.  Under  these 
circumstances  the  ulcers  may  increase  in  depth,  and  extend,  in  the 
posterior  part  of  the  wall  where  the  gut  is  not  covered  by  peritoneum, 
through  the  entire  thickness  of  the  intestine  so  as  to  penetrate  into  the 
retro-peritoneal  connective  tissue.  The  result  is  acute  inflammation  in 
this  region,  often  going  on  to  the  formation  of  Abscess,  a  condition 
designated  Perityphlitis. 

The  "Vermiform  appendage  much  more  frequently  gives  rise  to  acute 
perityphlitis  than  the  caecum  itself  does.  Inflammations  are  frequently 
caused  by  the  presence  of  Foreign  bodies  in  the  appendage,  especially 
in  children.  Any  hard  substance  lying  in  the  c^cum  may,  if  small 
enough,  pass  into  the  vermiform  appendage.  In  this  way  apple,  grape, 
cherry,  or  orange  seeds  are  said  to  get  into  it.  But  much  more  fre- 
quently pieces  of  hardened  faeces  are  met  with,  and  as  these  become  dry 
and  frequently  assume  the  shape  and  appearance  of  cherry  or  orange 
stones,  they  are  frequently  mistaken  for  them.  This  occurs  all  the 
more  because  the  inspissated  fasces  are  often  coated  with  phosphates 
which  form  a  kind  of  rind. 

The  presence  of  the  foreign  body  causes  inflammation  of  the  mucous 
membrane,  and  this,  from  the  continued  pressure  and  confined  space, 
readily  results  in  ulceration.  The  ulcers  frequently  penetrate  through 
the  appendage  and  lead  to  peritonitis.  As  a  general  mle  the  appendage 
has  acquired  adhesions  before  actual  perforation  occurs,  and  so  the 
peritonitis  is  limited  by  the  adhesions.  But  the  inflammation  is  apt  to 
recur,  and  not  infrequently  results  in  the  formation  of  recurring 
abscesses.    The  bursting  of  one  of  these  into  the  cavity  of  the  peri- 
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toneum  often  leads  to  fatal  peritonitis.  Sometimes  the  suppuration  in 
connection  with  the  vermiform  appendage  is  in  the  subperitoneal  tissue. 
An  abscess  so  produced  may  extend  long  distances  beneath  the  peri- 
toneum. 

The  author  met  with  a  case  in  which  an  abscess  connected  with  the  vermiform 
appendage  extended  across  the  brim  of  the  pelvis  to  the  left  side  of  the  abdomen, 
and  thence  upwards  beneath  the  peritoneum  till  it  reached  the  diaphragm.  It  then 
penetrated  the  diaphragm  and  discharged  itself  into  the  pleura. 

Proctitis  and  Periproctitis  are  inflammations  in  the  rectum  and 
around  it,  of  an  equivalent  character  to  those  in  and  around  the  cgecum. 
If  the  ulceration  leads  to  perforation  and  the  formation  of  abscess,  then 
the  disease  may  have  a  very  chronic  course  with  fistute  discharging  into 
the  rectum.  Sometimes  these  open  externally,  or  into  the  vagina, 
and  they  may  retain  their  communication  with  the  rectum,  so  forming 
false  passages  for  the  fajces  and  flatus ;  or  the  internal  aperture  may 
close,  leaving  merely  an  external  fistula. 

Literature.— Catorr/t—NoTHNAGEL,  Phys.  u.  Path,  des  Darmes,  1884 ;  Goodhabt, 
(Casts  from  intestine)  Path,  trans.,  1872,  xxiii.  98;  Woodwahd,  Med.  and  surg. 
hist,  of  war  of  rebelUon,  Part.  2,  vol.  i.,  1879  ;  Baue,  (Perityphlitis)  Ziemssen's" 
EncycL,  viii.,  1878  ;  Steinee,  Path.  Anat.  d.  Wurmfortsatzes,  1882 ;  Cobntl,  Arch, 
de  Phys.,  iii.,  1873  ;  Coats,  Brit.  Med.  Jour.,  1875,  i. 

Vn.— SPECIFIC  INFLAMMATIONS  OP  THE  INTESTINE. 

1.  Dysentery. — In  this  disease  we  have  a  violent  inflammation  evi- 
dently determined  by  the  presence  of  an  intense  irritant.  The  disease 
occurs  in  a  sporadic  and  an  endemic  form.  In  the  former  case  it  may  be 
due  to  irritating  foods  of  various  sorts,  while  in  the  latter  there  is  reason 
to  suppose  that  a  specific  morbid  poison  is  present.  The  morbid  poison 
is  presumably  a  form  of  microbe,  and  some  authors  have  observed  a 
minute  bacillus  in  the  mucous  membrane  (Ziegler). 

The  virus  is  introduced  chiefly  by  the  drinking  water,  but  also 
by  the  air.  In  any  case  it  acts  on  the  mucous  membrane  directly. 
The  locality  of  the  lesion  is  apparently  determined  by  the  stagnation  of 
the  contents.  It  is  essentially  a  disease  of  the  large  intestine,  and  is 
generally  most  intense  in  the  rectum.  It  usually  decreases  in  intensity 
from  the  rectum  upwards,  but  not  uniformly,  there  being  more  aff'ected 
and  less  aff'ected  parts,  the  former  corresponding  usually  with  the 
flexures.  In  severe  cases  the  whole  colon  is  aff'ected,  and  sometimes 
even  the  lower  part  of  the  ileum. 

It  is  usual  to  divide  the  disease  into  a  Catarrhal  and  a  Diphtheritic 
form,  but  the  morbid  poison  is  the  same  in  both,  and  the  difference  is  I'call 
one  of  intensity.    The  catairhal  form  may  run  into  the  diphtheritic 
In  the  earlier  stages  the  mucous  membrane  is  swollen  by  serous  exuda- 
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tion,  soft  and  juicy,  and  it  is  thrown  into  folds,  on  the  summits  of 
which  ib  is  peculiarly  hypersemic.  The  surface  is  covered  by  a  miicous 
or  grumous  material,  consisting  of  shed  epithelium  with  mucus  and  in- 
flammatory exudation.  The  mucous  membrane  and  submucous  tissue 
are  infiltrated  with  serous  fluid  and  leucocytes  in  great  abundance. 

In  higher  degrees  the  mucous  membrane  is  still  more  thickened 
and  thrown  into  still  more  prominent  folds.  There  is  also  consider- 
able haemorrhage  in  its  substance  occasionally.  The  summits  of  the 
folds  being  specially  exposed  to  mechanical  irritation  very  commonly 
undergo  Necrosis,  and  the  sloughs  are  generally  distinguishable  by  the 
Brown  colour  which  they  assume  from  becoming  stained  with  the  bile 
pigment.  The  necrosis  involves  the  mucous  membrane  to  varying 
depths,  sometimes  very  superficially,  sometimes  through  its  whole  thick- 
ness, and,  if  the  slough  surrounds  the  gut,  Ave  may  have  a  ring  of 
necrosed  tissue  ultimately  discharged  by  the  anus. 

These  sloughs  leave  Ulcers  behind,  whose  walls  present  great 
infiltration  of  leucocytes.  But  ulcers  form  also  by  processes  similar  to 
those  in  catarrh,  namely,  by  inflammatory  infiltration  and  molecular 
destruction  of  the  mucous  membrane,  and  by  suppuration  of  and  around 
the  closed  follicles. 

In  some  cases  tlie  solitary  follicles  seem  to  be  specially  engaged  and  some  authors 
even  distinguisli  a  follicular  form  of  dysentery,  but  the  follicles  are  probably  affected 
in  the  early  stages  of  almost  all  cases,  and  partake  in  the  general  inflammation.  By 
suppuration  of  the  follicles  there  may  be  the  formation  of  numerous  ulcers  with  small 
apertures. 

The  contents  of  the  intestine  are  in  severe  cases  formed  of  dark 
decomposing  material,  mixed  with  blood.  The  mesenteric  glands  are 
always  secondarily  afi'ected,  being  enlarged  and  hyperaemic. 

If  the  patient  survives  the  acute  attack,  the  disease  very  commonly 
passes  into  Chronic  dysentery.  The  ulcers  formed  in  the  various 
ways  described  above  show  little  tendency  to  heal,  but  remain  as  open 
discharging  sores.  Sometimes  they  penetrate  more  deeplj?^,  and  lead  to 
abscesses  in  the  surrounding  tissue,  especially  of  the  rectum  (Periproc- 
titis). The  remaining  mucous  membrane  is  swollen  and  in  a  state  of 
catarrh.  The  whole  intestinal  wall  is  thickened  except  where  the 
ulcers  exist,  and  it  is  irregularly  drawn  in  and  adherent  to  the  siir- 
rounding  parts. 

In  some  cases  a  tendency  to  Healing  manifests  itself  If  the  attack 
has  been  slight  and  the  ulceration  onlj'^  superficial,  there  may  be  a 
complete  restoration  of  the  mucous  membrane,  ^v^th  insignificant  cica- 
trices. But  for  the  most  part  the  cicatrices  are  of  considerable  super- 
ficial extent,  perhaps  surrounding  the  gut.     The  cicatrices  of  dysentery 
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have  usually  a  dark,  almost  a  black  colour.  When  the  cicatrices  in  the 
usual  fashion  contract,  they  cause  narrowing  of  the  intestine,  and  this, 
in  some  cases,  is  very  considerable.  Alternating  with  the  narrowing 
there  is  very  commonly  dilatation  of  the  more  healthy  parts,  so  that  a 
very  remarkable  pouching  of  the  colon  may  result,  the  narrowed  parts 
being  probably  adherent  to  the  tissues  around.  The  obstruction  pro- 
duced in  this  way  is  all  the  greater  because  the  contraction  often  throws 
the  remaining  mucous  membrane  into  folds  which  may  act  as  valves  to 
the  constricted  part. 

The  symptoms  of  dysentery  often  continue,  in  the  chronic  form,  after  healing  of 
all  the  ulcers  has  occurred.  In  that  case  along  with  the  cicatricial  contraction 
mentioned  above,  there  is  a  very  marked  atrophy  of  the  coats  of  the  intestine,  so  that 
the  wall  is  very  thin  and  translucent.  There  will  also  be  considerable  adhesion  to 
surrounding  parts. 

2.  Cholera. — In  addition  to  the  epidemic  disease  known  as  Asiatic 
cholera,  there  is  a  condition  known  as  Cholera  nostras.  ^  The  researches 
of  Koch  have  demonstrated  the  connection  between  Asiatic  cholera  and 
the  comma  bacillus.  It  is  probable  that  cholera  nostras,  and  choleraic 
diarrhcsa  may  be  produced  by  microbes  of  allied,  but  not  identical 
characters  (see  p.  302). 

The  phenomena  of  cholera  are  those  of  a  very  violent  irritation  of  the 
mucous  membrane  of  the  intestine.  During  life  the  disease  is  char- 
acterized by  the  discharge  of  extremely  fluid  stools,  which,  from  the 
intermixture  of  finely  diAdded  material,  give  the  characteristic  Rice- 
water  appearance.  Sometimes  a  patient  dies  without  the  bowels  having 
been  moved,  but  in  that  case  they  are  found  distended  with  the  rice-water 
discharge.  The  flakes  which  give  their  character  to  the  rice-water 
evacuations  are  not  so  much  composed  of  desquamated  epithelium  as  of 
little  masses  of  mucus  containing  leucocytes.  After  death  the  epithe- 
lium may  be  found  loose  in  the  intestine,  but  this  appears  to  be  from 
post-mortem  macei-ation,  for,  if  examined  sufiiciently  early,  the  epithe- 
lium is  found  present  and  apparently  normal. 

It  is  obvious  that  there  is  here  an  enormous  transudation  from 
the  vessels  of  the  intestine.  The  chemical  character  of  the  discharge, 
however,  seems  to  indicate  that  it  is  not  a  mere  inflammatory  exudation 
from  the  vessels,  but  rather  a  secretion  from  the  glands.  Its  specific 
gravity  is  low,  1006  to  1013.  There  is  very  little  albumen  present,  and 
the  discharge  contains  a  ferment  which  has  the  power  of  converting- 
starch  into  sugar. 

The  most  marked  post-mortem  appearance  is  a  remarkable  rosy 
injection  of  the  vessels  in  all  the  coats  of  the  intestine,  so  that  a  rod 
appearance  is  visible  even  in  the  serous  coat  whenever  the  body  is  opened 
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The  mucous  membrane  is  swollen  and  the  closed  follicles  prominent. 
Occasionally  there  is  a  decidedly  inflammatory  condition  present,  Avhich 
may  be  even  of  a  dysenteric  character. 

The  condition  of  the  other  parts  of  the  body  is  directly  referrible  to  the  enormous 
withdrawal  of  water  from  the  blood.  The  blood  itself  is  thick,  dark,  and  imperfectly 
coagulated.  The  skin,  serous  membranes,  and  all  the  soft  tissue  are  shrunk,  and 
dry,  and  parchment-like.  The  membranes  of  the  brain  are  frequently  injected. 
The  kidneys  present  the  characters  of  a  sUght  parenchymatous  inflammation. 

3.  Typhoid  fever. — This  disease  is  also  due  to  the  action  of  a  specific 
microbe  (see  p.  300),  and  is  characterized  by  a  lesion  in  the  intestine. 
The  virus  is  sparely  present  in  the  blood,  and  the  general  symptoms 
may  be  in  great  part  secondary  to  the  local  lesion.  The  morbid  poison 
finds  entrance  by  the  intestine,  and  produces  irritation  of  the  follicles 
and  mesenteric  glands  in  its  joassage. 

The  Affection  in  the  intestine  consists  of  an  inflammatory  swelling  of 
the  closed  follicles  and  of  the  mucous  membrane  in  their  neighbourhood, 
the  inflammation  often  going  on  to  necrosis  and  sloughing.  The  disease 
has  usually  its  point  of  greatest  intensity  at  the  lower  extremity  of  the 
ileum,  and  it  is  often  j)ossible  to  see  various  stages  of  the  process  in 
proceeding  from  above  downwards  through  the  small  intestine  till  it 
culminates  close  to  the  ileo-csecal  valve. 

In  the  normal  state,  especially  in  the  adult,  the  Peyer's  patches  and 
the  solitary  follicles  are  very  slightly  prominent.  The  patch  viewed 
from  the  surface  shows  a  congeries  of  shallow  depressions  separated  by 
slightly  elevated  ridges,  which  run  in  from  the  general  mucous  mem- 
brane, and  form  a  kind  of  network.  It  is  in  the  depressions  that  the 
follicles  are  placed.  In  typhoid  fever  there  is  at  first  a  general  swelling 
of  the  patch ;  it  is  an  inflammatory  swelling  accompanied  by  abundant 
infiltration  of  leucocytes  which  occupy  both  the  closed  follicles  and  the 
mucous  membrane.  The  patch  is  obviously  raised  and  its  margins 
somewhat  abrupt  (Fig.  282,  a).  Viewed  from  the  surface  there  is  at  this 
early  stage  simply  an  exaggeration  of  the  normal  appearance.  The 
ridges  of  mucous  membrane  are  swelled  so  that  the  depressions  are  more 
hidden,  and  an  appearance  is  produced  which  has  been  compared  to  that 
of  the  convolutions  of  the  brain  in  miniature.  The  swollen  patch  has  a 
pinkish  or  whitish  colour.  At  the  same  time  the  solitary  follicles  show 
themselves  as  elevations  at  intervals. 

As  time  goes  on  the  whole  tissue  gets  more  and  more  infiltrated  with 
leucocytes  (Fig.  281),  and  the  raised  patch  gets  more  solid  and  its  sur- 
face more  homogeneous.  The  invasion  of  round  cells  extends  to  the 
submucous  and  muscular  coats,  even  to  the  serous,  and  passes  to  some 
extent  beyond  the  patch.    A  similar  condition  occurs  in  the  solitary 


TYPHOID  ULCKRS. 


745 


follicles ;  thoy  also  present  a  marked  increase  in  size,  and  are  less 
defined,  by  reason  of  the  infiltration  around  them. 

On  this  condition  follows  Necrosis  (Fig.  282  h).    The  infiltrated  and 


Fig.  281. — Portion  of  a  Peyer's  patch  in  an  early  period  of  typhoid  fever  ;  a,  raucous  membrane 
which  becomes  raised  when  the  swollen  patch  is  reached ;  6,  internal  layer,  and  c,  external  layer 
of  muscular  coat :  d,  swollen  patch  composed  of  round  cells  with  dilated  blood-vessels.  At  the 
right  of  the  section  the  round  cells  are  invading  the  submucous  tissue  and  approaching  the  mus- 
cular coat.    X  16. 


altered  patch  or  solitary  follicle  forms  a  slough,  of  larger  or  smaller 
size.  This  slough  remains  adherent  for  a  time, 
and  like  all  sloughs  in  the  intestine  it  becomes 
brown  or  yellow  from  the  biliary  colouring 
matter,  which  stains  dead  tissue,  while  the  liv- 
ing structures  are  able  to  resist  it.  Generally 


c 


there  is  a  single  slough  on  a  Peyer's  patch, 
not  involving  the  whole  patch,  but  of  consider- 
able superficial  extent  (see  figure).  Sometimes 
there  are  several  sloughs  corresponding  to  some 
of  the  closed  follicles  of  which  the  patch  is 
made  up. 

1               , .         .111                 ,             1  Fig.  282. — Diagrammatic  re- 
Alter  a  time  the  slough  separates  and  an  p-esontation  of  Peyer's  patches 

Ulcer  is  left  with  infiltrated  base  and  margins  with'sweUiiig^of  the^patch-"^! 

(Fig.  282  c).    The  ulcers  are  confined  to  the  la^r  ^wfth  TifflitSi'*  wa'iis.' 

patches  and  solitary  follicles,  so  that  they  re-  (Tn..ivrELBRn.) 

peat  their  shape  and  locality.  The  walls  arc  succulent  n,iid  vascular, 
and  considerable  haemorrhage  may  occur  from  them.    The  ulceration 


746, 


THE  INTESTINES. 


may  extend  more  deeply  than  the  mucous  membrane,  involving  a 
necrosis  of  the  muscular  and  even  of  the  serous  coat,  so  that  Perfora- 
tion may  result.  Perforation  may  occur  in  one  of  two  ways.  In  the 
first  place  an  ulcer  may  extend  in  depth  till  it  penetrates  through  the 
muscular  and  serous  coats.  In  this  case  the  process  is  somewhat  gradual, 
and  there  is  generally  an  inflammation  of  the  peritoneum  sufficient  to 
cause  adhesion  and  prevent  the  intestinal  contents  passing  into  the  ab- 
dominal cavity.  In  the  second  place,  perforation  sometimes  occurs  in  a 
manner  comparable  to  the  perforation  of  the  pleura  in  phthisis  pulmon- 
alis  which  leads  to  pneumothorax.  The  serous  coat  is  undermined  by 
the  ulcer,  and  as  its  nutrition  is  cut  off  it  undergoes  necrosis.  In  such 
cases  the  brown  slough  may  be  visible  on  viewing  the  intestine  exter- 
nally. A  partial  separation  of  the  slough  may  allow  of  perforation,  and 
as  this  form  is  more  acute  and  not  so  likely  to  be  accompanied  by  con- 
siderable adhesions,  the  contents  of  the  intestine  are  more  apt  to  escape 
into  the  peritoneal  cavity  and  produce  fatal  peritonitis. 

When  Eecovery  takes  place  from  the  fever,  the  process  in  the  in- 
testine retrogrades.  According  to  the  stage  reached  will  be  the  exact 
process  of  resolution.  If,  in  any  part,  ulceration  has  not  yet  occurred, 
then  there  is  a  gradual  diminution  of  the  patch  and  a  return  to  the 
normal.  If  ulceration  exists  the  ulcer  fills  up  and  cicatrizes.  The 
Cicatrix,  however,  remains  long,  often  with  a  slaty  colour,  but  not 
usually  with  much  puckering.  It  may  indeed  be  a  flat  cicatrix  in  which 
the  intestinal  wall  is  merely  thin  and  transparent.    This  is  shown  in 

Fig.  283  which  rejDresents  the 
conditions  in  the  case  of  a 
girl  who  died  of  pneumonia 
a  year  after  ha^sdng  passed 
through  an  attack  of  typhoid 
fever. 

The  Lymphatic  glands  of 

the  mesentery  enlarge,  and 
present  on  section  a  red  in- 
jected appearance  and  soft 
consistence.  There  may  be 
necrosis  here  also,  giving  rise 
to  an  opaque  greyish  condition 
in  the  midst  of  the  gland. 
When  recovery  takes  place 
^.    „,   ^,  ^  .  ,  .  ,     ,       ,  ,       the  glands  return  to  the  nor- 

Fig.  1:83. — Flat  cicatrices  on  a  royor  s  patch  iroiu  ^ 

typhoid  fever.  mal,and  the  sloughs  are  usually 

absorbed,  although  they  may  become  caseous  and  subsequently  calcareous. 
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It  is  to  be  remembered  also  that  the  Spleen  is  enlarged,  and  there  is 
here  more  than  in  typhus  fever  a  swelling  of  the  Malpighian  follicles, 
which  are  lymphatic  in  structure,  and  so  the  spleen  is  firmer  and  paler 
on  section  than  normal  (see  p.  444). 

4.  Anthrax  {Mycosis  of  the  intestine).— T^q  wall  of  the  intestine  is 
sometimes  attacked  by  the  anthrax  bacillus.  Several  cases  described  as 
mycosis  intestinalis  belong  to  this  group,  although  the  name  has  alsO' 
been  used  for  other  affections,  such  as  septic  inflammations  and  actino- 
mycosis. The  intestine  may  be  the  place  of  entrance  of  the  bacilli,  and 
the  lesion  will  then  be  the  primary  one.  On  the  other  hand,  the  intes- 
tinal lesion  may  simply  be  part  of  the  general  infection,  and  concurrent 
with  affections  of  other  organs. 

The  lesion  presents  itself  in  patches  situated  most  frequently  in  the 
small  intestine,  but  also  in  stomach  and  colon.  The  patches  are  oedema- 
tous  and  infiltrated  with  blood,  and  there  is  generally  a  considerable 
dark  slough  on  the  prominences  of  the  folds.  The  characteristic  bacilli 
are  found  in  the  cedematous  fluid  and  in  the  blood-vessels  and  lymphatics. 
The  lymphatic  glands  are  swollen,  and  infiltrated  with  blood.  The 
bacilli  are  sometimes  present  in  them  in  very  large  numbers. 

Cases  of  this  kind  have  mostly  occurred  amongst  workmen  who  have- 
handled  the  hides  of  animals  affected  vtdth  anthrax.  Probably  the 
bacilli  are  allowed  to  contaminate  the  food,  and  so  reach  the  intestine. 

5.  Actinomycosis. — The  intestine  is  rarely  the  primary  seat  of 
actinomycosis,  but  a  case  has  been  recorded  by  Chiari.  The  mucous- 
membrane  of  the  large  intestine  was  the  seat  of  raised  whitish  pa,tches,  in 
which  the  yellow  granules  of  the  parasite  were  visible.  The  mucous 
membrane  around  was  swollen  and  red  and  covered  with  tough  mucus. 

Literature. — Dysentery — Annesley,  Diseases  of  India,  3rcl  ed.,  1855  ;  Viechow, 
Virch.  Arch.,  v.  and  lii.;  Heubnee,  in  Ziemssen's  Cyel.,  i.,  1875  ;  Zieglek,  Lehrb., 
ii.;  Macleai^,  in  Eeynolds'  Syst.  of  Med.,  i.,  1866  ;  Baly,  Path,  and  treatment  of 
dysentery,  1847 ;  Fagge,  Medicine,  ii.  175,  1886 ;  Woodwaed,  Med.  and  surg.  hist, 
of  war  of  rebellion,  part  ii.,  vol.  i.,  1879.  Cholera — Goodeve,  in  Eeynolds'  Syst.  of 
med.,  i.,  1866 ;  Lewis  and  Cunningham,  Cholera,  1878  ;  Eeport  of  cholera  conference 
at  Berlin,  1885,  Brit.  Med.  Jour.,  1885,  i.,  1011  and  1075,  also  separate  Eeport  of 
Conference ;  Macnamara,  Hist,  of  Asiatic  cholera,  1876.  Typhoid  Fever — Liebee- 
MEiSTER,  in  Ziemssen's  Cyclop.,  i.,  1875 ;  Muechison,  Continued  fevers,  2nd  ed., 
1873.  Anthrax — Bollingeb,  in  Ziemssen's  Cyel.,  iii.  1875 ;  Viebhtjfe,  Anthrax 
intest.,  1885;  Waldeyee,  Virch.  Arch.,  lii.;  Poland,  Path,  trans.,  xxxvii.,  1886. 
Actinomycoiis — Zemann,  Wien.  med.  Jahrb.,  iv.,  1883  ;  Chiaei,  Prag.  med.  Wochen- 
schr.,  1884. 

VIII.— TUBEECULOSIS  AND  SYPHILIS  OF  THE  INTESTINE. 
1.  Tuberculosis. — Inthe  great  majority  of  cases  this  condition  is  second- 
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ary  to  pulmonary  phthisis,  and  it  occurs  in  about  two  thirds  of  the  cases 
•of  that  disease  examined  after  death.  It  is  to  be  accounted  for  by  the 
the  sputa  being  partly  swallowed,  and  the  virus  applying  itself  to  the 
intestine  directly. 

There  seems  little  doubt  also  that  tuberculosis  of  the  intestine  may  be 
induced  by  the  tubercular  bacilli  being  present  in  the  food.  Experi- 
ments in  animals  show  that  this  mode  of  infection  is  possible.  It  appears, 
however,  that  tubercular  bacilli  may  be  absorbed  by  the  intestine  -ndthout 
inducing  tuberculosis  of  it.  The  mesenteric  glands  may  become  tuber- 
cular, or  there  may  arise  a  tuberculosis  of  the  peritoneum  without  any 
aflfection  of  the  intestine.  This  result  of  experiment  in  animals  is  con- 
firmed by  observation  in  man. 

The  virus  here  attacks  the  same  structures  as  in  typhoid  fever, 
namely,  the  closed  follicles  and  Peyer's  patches,  and  at  first  it  produces 
a  change  of  a  somewhat  similar  kind.  There  is  an  enlargement  of  the 
closed  follicles  by  reason  of  a  great  newformation  of  cells  which  infiltrate 
the  neighbouring  mucous  membrane  as  well  as  the  follicles.  This 
primary  enlargement  is,  however,  much  less  uniform  than  in  tj^phoid 
fever.  On  the  whole,  it  is  greatest  towards  the  lower  part  of  the  ileum, 
but  it  presents  great  irregularities.  Even  on  the  Peyer's  patch  it 
generally  affects  a  few  closed  follicles,  and  not  the  whole,  so  that  there 


Pig.  284. — Tubei-oular  ulcoi-  of  the  intestine.  Naked-eye  uppear- 
auco.  The  swollou  overhanifing  edges  are  indicated. 

are  rounded  prominences  dotted  over  the  patch.  Moreover,  it  is  not 
simply  an  inflammatory  infiltration  which  occurs ;  there  are  tubercles 
and  tubercular  bacilli  present  from  the  first. 

The  enlarged  follicles  undergo  caseous  necrosis,  so  that  very  soon 
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they  are  seen  to  have  an  opaque  yellow  kernel,  while  the  epithelium 
still  covers  them.  In  the  next  place  softening  occurs,  and  the  caseous 
mass  is  discharged,  leaving  a  crater-shaped  ulcer.  The  ulcer  advances 
and  continues  to  have  over-hanging  edges,  which  are  infiltrated  with 
leucocytes  and  contain  miliary  tubercles  (see  Figs.  284  and  285).  There 
may  be  at  first  several  such  ulcers  on  a  Peyer's  patch,  and  other  solitary 
ones  in  other  parts.  They  extend  by  fresh  infiltration  of  the  neighboiir- 
hood  and  fresh  necrosis,  while  at  the  same  time  miliary  tubercles  are 
visible  in  the  midst  of  the  inflammatory  infiltration.  The  infiltration 
very  commonly  involves  the  muscular  coat,  and  even  the  serous,  and 


Fig.  285.— Section  of  a  small  tubercular  ulcer.  In  the  middle  there  is  a,  crater-shaped  ulcer  (a) 
with  overhanging  edges.  The  mucous  membrane  around  is  infiltrated  with  round  cells  in  the 
midst  (if  which  a  few  tubercles  are  Indicated.  Beneath  the  ulcer  the  muscular  coat  is  infiltrated. 
At  d  there  is  a  small  sub-serous  tubercle,    x  10. 

tubercles  are  often  to  be  seen  almost  free  of  inflammatory  infiltration  at 
a  distance  from  the  ulcers  in  the  midst  of  the  muscular  coat,  or  even  in 
the  peritoneum  (see  Fig.  285). 

The  ulcer  itself  extends  much  more  laterally  than  deeply,  and  in  its 
extension  it  does  not  respect  the  boundaries  of  the  Peyer's  patches  or 
solitary  follicles,  but  passes  beyond  them,  generally  advancing  more 
across  the  gut  than  longitudinally.  In  this  way  ulcers  are,  not  infre- 
quently, much  elongated  in  a  direction  transverse  to  the  intestine,  and 
may  even  form  a  ring  around  it.  The  ulcers  have  usually  their  centres 
at  the  part  of  the  gut  opposite  the  mesenteric  attachment,  as  the  Peyer's 
patches,  in  which  they  begin,  have  their  seats  there. 
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The  position  of  the  ulcers  is  often  indicated  before  opening  the 
intestine  by  the  appearance  of  the  peritoneal  surface.  If  the  ulcer  be  of 
any  considerable  size  there  is  some  inflammation  of  the  peritoneiun, 
evidenced  by  redness  and,  very  often,  by  elongated  projections  of  vas- 
cular connective  tissue.  But  above  all  we  can  generally  see  in  the  peri- 
toneum groups  of  little  white  nodules,  which  are  tubercles  in  or  under 
the  serous  coat.  The  existence  of  these  tubercles  is  sometimes  even 
useful  in  determining  whether  an  ulcer  is  a  tubercular  one  or  not.  It  is 
very  rare  indeed  that  the  ulcer  penetrates  through  the  peritoneal  coat, 
and  if  it  does,  it  is  usually  protected  by  adhesion  to  neighbouring  loops 
of  intestine. 

As  a  general  rule  the  tubercular  ulceration  is  most  marked  in  the 
ileum,  but  not  infrequently  the  colon  is  attacked,  and  there  may  be 
ulcers  of  very  large  size  there. 

The  process  is  for  the  most  part  a  chronic  one,  and  the  ulcers  advance 
slowly.  Sometimes,  however,  and  usually  in  connection  Avith  acute 
phthisis,  there  is  a  rapid  swelling  of  the  follicles,  and  ulceration  occurs 
by  softening,  without  preliminary  caseous  necrosis.  In  these  cases  per- 
foration is  much  more  liable  to  occur. 

As  amyloid  degeneration  is  a  frequent  accompaniment  of  phthisis,  it 
may  coincide  with  tubercular  ulceration  in  the  intestine. 

2,  Syphilis. — With  the  exception  of  affections  of  the  anus,  which  may 
extend  into  the  rectum,  syphilitic  lesions  are  excessively  rare  in  the  in- 
testine. A  few  cases  have  been  observed  in  syphilis  in  new-born 
children.  There  are  ulcers  and  cicatrices  in  the  wall  of  the  intestine, 
and  the  coats  are  infiltrated.  There  may  also  be  gummata  and  ulcera- 
tion in  ordinary  syphilis. 

Literature.— rtt&e)-cM?os2S—SpiLLMANN,  Tuberc.  du  tube  digestif  (^vith  literature), 
1878;  Oeth,  Lelirb.  d.  path.  Anat.,830;  Baumgaeten,  Zeitschr.  f.  klin.  Med.,  1885, 
and  Tuberculose,  1885;  Gbawitz,  (Peritonitis)  Charit6  Ann.,  1886.  Syphilis— 
Meacek  (with  hterature),  Vierteljahrschr.  f.  Dermat.  und  Syph.,  x.,  1883;  Pobstee, 
Lehrb.  d.  path.  Anat.,  ii.  148;  Exebs,  Handb.  d.  path.  Anat.,  i.  261;  Lang,  Vorles. 
Tiber  Syph.,  1885 ;  Isbael,  Oharit6  Ann.,  ix.,  1884 ;  Noeman  Moobe,  in  Hutchinson, 
Syphilis,  1887,  p.  256;  Biech-Hibschfeld,  Lehrb.,  ii.  589,  1887. 

IX.— EETEOGEADE  CHANGES  AND  ABNOEMAL  CONTENTS. 

Atrophy  of  the  mucous  membrane  of  the  intestine  is  an  occasional 
consequence  of  inflammations,  catarrhal,  dysenteric,  and  others.  There 
have  also  been  described  atrophic  and  degenerative  changes  in  the  in- 
testinal nerves  in  acute  fevers  and  in  acute  affections  of  the  central 
nervous  system.  The  changes  in  the  nerves  are  accompanied  by  changes 
in  the  muscle. 
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Amyloid  degeneration  is  the  most  frequent  retrograde  change  in  the 
intestine.  It  affects  the  arteries  and  capilhiries  of  the  mucosa  and  sub- 
mucosa,  and  especially  the  vessels  of  the  villi,  but  it  often  extends  to  the 
whole  tissue  of  the  villi  except  the  epithelium,  and  to  the  muscular 
bundles  of  the  submucosa.  To  the  naked  eye  the  intestine  frequently 
appears  pale  and  smooth,  but  the  condition  is  best  detected  by  the 
addition  of  iodine  solution.  The  affected  villi  then  appear  as  deeply 
stained  granules,  while  the  closed  follicles  and  Payer's  patches  are  un- 
affected. If  ulcers  be  present,  as  is  not  infrequently  th6  case,  they  also 
are  unaffected  and  show  a  contrast  in  colour.  The  villi  are  frequently 
extensively  lost  in  amyloid  disease,  but  this  may  be  a  post-mortem  effect, 
the  brittle  amyloid  structures  being  broken  off  in  handling  the  intestine. 

Gangrene  occurs,  as  mentioned  above,  in  various  conditions,  infarction, 
dysentery,  hernia.  It  also  occurs  occasionally  in  consequence  of  con- 
tinued pressure  by  hard  contents.  This  is  most  common  in  the  vermi- 
form appendage,  but  also  occurs  in  the  colon  and  rectum  from  hard 
faeces.  The  result  is  the  formation  of  ulcers.  Gangrene  also  results 
sometimes  from  separation  of  the  mesentery,  when  this  occurs  close  to 
the  intestine. 

Foreign  bodies  in  the  intestine.  Intestinal  concretions. — These 
mostly  consist  of  the  ordinary  contents  dried-in  and  impregnated  with 
lime  salts.  The  concretions  have  usually  a  kernel  composed  of  a  gall- 
stone, a  fruit-seed,  a  mass  of  hairs,  etc.,  or  merely  dried  faeces,  and  such 
kernels  are  coated  with  phosphate  and  carbonate  of  lime.  Such  concre- 
tions are  very  common  in  animals,  especially  the  horse,  in  which  they 
have  been  found  weighing  20  pounds.  They  are  composed  of  the  husks 
of  corn  mixed  with  hairs  which  the  animals  have  licked  from  their  bodies 
and  swallowed.  These  are  felted  together  and  compacted  into  large  balls. 

Intestinal  concretions  occur  chiefly  in  the  cgecum  and  vermiform 
appendage,  where  they  may  give  rise  to  ulceration  and  perforation. 
(See  above,  Typhlitis  and  Perityphlitis.) 

Gall-stones  also  occur  as  foreign  bodies  in  the  intestine,  and  some- 
times they  are  large  enough  to  cause  obstruction  at  the  ileo-ctecal  valve 
or  elsewhere. 

Parasites  in  the  intestine. — Vegetable  parasites  are  of  little  con- 
sequence if  we  except  those  considered  in  previous  paragraphs. 

Animal  parasites  have  been  described  in  the  general  section  on  para- 
sites. They  comprise  chiefly  the  tape-worms,  the  ascarides,  the  oxyuris, 
the  trichocephalus  dispar,  and  the  dochmius  duodenalis. 

Literature. — Nothnaoel,  1.  c;  ScHBiMPFiiUO,  Zeitschr.  f.  klin.  Med.,  ix.,  1885; 
FuuNEAux-.ToiiDAN,  (Fatty  change  and  failure  of  muscular  wall  as  cause  of  obstruction) 
Brit.  Med.  Jour.,  1879,  i.  621 ;  Waoneu,  Arch.  d.  Heilk.,  1861 ;  Kybeb,  (Amyloid) 
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Virch.  Arch.,  Ixxxi.,  1880 ;  Edingeb,  (Amyloid  dis.  and  dilat.  of  colon)  D.  Arch.  f. 
klin.  Med.,  1881;  Zesas,  (Separation  of  mesentery)  Arch.  f.  clin.  Chir.,  1886; 
^CHUBERG,  (Concretions)  Virch.  Arch.,  xc,  1882 ;  Laboulbene,  Arch.  g6n.  de.  m6d., 
xxii.,  1873 ;  Pkiedbeeger  und  Fbohnee,  Lehrb.  d.  path.  d.  Hausthiere,  1885 ; 
Leube,  in  Ziemssen's  Cyclop.,  vii.,  1877. 

X.— TUMOUES  OF  THE  INTESTINE. 

Primary  cancer.^ — ^This  is  by  far  the  most  frequent  and  important 
form  of  tumour.  Cancers  are  almost  confined  to  the  Large  intestine  ; 
we  have  already  connected  this  with  the  fact  that  this  portion  is  most 
exposed  to  the  irritation  of  the  stagnant  fseces.  This  is  the  more 
evident  as  the  most  frequent  localities  are  the  Eectum,  the  Flexures, 
and  the  Caecum.  At  the  same  time  cancers  are  not  unknown  in  the 
small  intestine. 

The  commonest  form  of  cancer  is  a  very  Chronic  epithelioma  with 
gland-like  masses  of  cylinder  cells  (Fig.  286).    From  the  resemblance  of 


Fig.  286.— Cylinder-celled'epithelioma  of  reotum.  There  are  gland-like 
spaces  coiitalningr  epithelium,  which  at  the  periphery  is  characteristically 
cylindrical. 

these  structures  'to  the  tubular  glands  of  the  intestine,  and  from  the  fact 
that  evidently  the  tumour  originates  from  these  glands,  the  name 
Adenoid  tumour  or  Malignant  adenoma  is  frequently  used,  just  as  in 
the  case  of  the  stomach. 

The  tumour  is  frequently  ring-shaped,  and  as  ulceration  readily 
occurs,  there  may  be  little  more  than  an  ulcer  with  infiltrated  edges. 
Even  the  infiltration  of  the  edges  may  be  very  slight,  and  it  may  be 
difficult  to  be  sure  that  the  disease  is  cancerous.    The  ulceration  is 
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accompanied  by  nowformation  of  connective  tissue  in  all  the  coats  of 
the  intestine,  and  while  adhesion  occurs  to  parts  around,  there  is  great 
contraction  of  the  intestine.  In  this  way  strictures  arise,  and  the 
occlusion  of  the  calibre  may  be  increased  by  the  mucous  membrane  at 
the  edges  of  the  ulcer  being  thrown  into  folds.  In  fact,  if  we  except 
i  hernias,  this  is  probably  the  most  frequent  cause  of  intestinal  obstruc- 
tion. 

It  has  been  already  noted  that  the  proper  cancerous  structure  is 
often  to  a  large  extent  destroyed  by  ulceration,  but  at  the  edges  we 
may  distinguish  masses  of  epithelial  cells  with  a  glandular  arrangement. 
In  the  adhesions  around  the  affected  part  of  the  intestine  and  at  further 
distances  enlarged  glands  may  be  found  with  cancerous  tissue. 


Fig.  287.— Cyst  of  vermiform  appendage.  The  appendage  is  converted 
into  a  bulky  cyst  which  was  filled  with  gelatinous  material. 


Next  to  the  epithelial  the  most  common  form  is  Colloid  cancer.  This 
forms  a  much  more  prominent  tumour,  which  may  involve  a  consider- 
able length  of  the  gut,  and  incorporate  the  entire  coats.  This  form  may 
produce  obstnxction  by  its  mere  bulk,  although  it  also  is  liable  to  ulcer 
ation,  and  the  consequent  contraction  of  the  gut  added  to  the  bulk  of  the 
tumour  frequently  effects  obstruction.    It  does  not  so  readily  affect  the 
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lymphatic  glands,  but  more  usually  extends  through  the  wall  into  the 
peritoneum. 

Soft  cancer  is  much  less  common  here  than  in  the  stomach,  and  it 
resembles  the  same  form  of  tumour  there.  It  extends  to  the  lymphatic 
glands  and  frequently  also  to  the  liver. 

The  remaining  tumours  of  the  intestine  are  of  little  importance. 
Fibromas,  Lipomas,  Myomas,  and  Sarcomas  occur,  and  they  are  all  apt 
to  pass  into  the  interior  of  the  intestine  and  assume  the  form  of  Sub- 
mucous polypi.  It  is  said  that  these  polypi  by  being  dragged  on  in  the 
peristaltic  movements  of  the  intestine  may  produce  invagination. 
Mucous  polypi  are  also  to  be  mentioned  as  occurring,  especially  in  the 
rectum,  in  catarrh. 

A  peculiar  form  of  tumour  is  Cyst  of  the  vermiform  appendage. 
In  some  cases  of  obstruction  of  the  aperture  the  appendage  becomes 
distended  with  mucus  and  may  assume  large  dimensions,  as  in  Fig.  287. 
The  contents  may  remain  mucous  in  character  or  become'  serous. 

Lymphoma  is  not  infrequent  as  a  form  of  secondary  newformation  in 
the  intestine.  A  general  enlargement  of  the  closed  follicles  occurs 
sometimes  in  leukgemia  and  in  Hodgkin's  disease,  and  it  may  be  so  con- 
siderable as  to  give  the  appearance  of  numerous  prominent  tumours 
projecting  from  the  surfaced. 

There  is,  however,  sometimes  a  more  definite  tumour  formation  in 
Hodgkin's  disease,  when  the  primary  lesion  is  localized  in  the  mesen- 
teric and  intestinal  lymphatic  structures.  There  may  be  extensive 
tracts  of  the  intestine  infiltrated  with  lymphatic  tissue  which  may 
replace  the  mucous  membrane  and  the  other  coats,  so  that  sometimes 
the  enlarged  intestinal  tube  is  converted  into  a  soft  white  structure 
composed  of  lymphatic  gland  tissue  (see  under  Malignant  Lymphoma). 

Literature. — Klebs,  Handb.,  i.,  1869 ;  Chipps,  (numerous  illustrations)  Path, 
trans.,  1881,  xxxii.  87 ;  Haack,  'Arch.  f.  klin.  Chir.,  xxix.,  1883;  Weigebx, 
(Secondary  cancer)  Virch.  Arcli.,  1876,  Ixvii,  513  ;  Caeeington,  (Hodgkin's  dis.,  with 
references  to  literature)  Path,  trans.,  xxxv.  385.  Literature  of  other  forms  of 
tumour  in  Orth,  Lehrb.  der  path.  Anat.,  1877,  p.  855 ;  Coats,  (Cysts  of  vermiform) 
Brit.  Med.  Jour.,  1875,  i. 

XI.— OBSTEUCTION  TO  THE  CALIBEE  OF  THE  INTESTINE. 

This  condition  has  been  incidentally  mentioned  as  occasioned  by 
several  of  the  lesions  already  described.  It  may  be  well  here  to  suin 
up  the  various  forms  of  intestinal  obstruction  -and  to  describe  the  efFectis 
produced  when  the  calibre  of  the  intestine  is  interrupted. 
,  iSfext  to  hernia,  the  most  frequent  cause  of  obstruction  is  the  con- 
traction of  cicatrices  resulting  from  ulceration,  and  in  thejgreat  majority 
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of  cases  the  ulcers  are  malignant,  that  is  to  say,  they  arise  by  the  break- 
ing down  of  cancers.  It  is  to  be  remembered  that  in  contractions  of 
the  calibre  such  as  these  the  direct  cause  of  the  final  obstruction  may 
be  the  folding  of  the  mucous  membrane  above  the  stricture,  this  acting 
like  a  valve  to  the  narrowed  part.  Tumours  also  obstruct  sometimes 
by  their  bulk.  Similarly  gall-stones,  masses  of  fseces,  collections  of 
round  worms,  may  occlude  the  calibre.  Invagination  is  the  commonest 
cause  in  children.  There  is  also  twisting  or  torsion.  Lastly,  we  have 
obstruction  by  incarceration,  the  intestine  passing  into  a  position  where 
a  loop  is  caught  at  the  neck  and  strangled.  Hernias  form  the  common- 
est examples  of  this  kind,  but  there  are  a  number  of  cases  in  which  the 
intestine  slips  under  a  bridge  or  ligament,  and  gets,  as  it  were,  pinioned 
and  compressed.    These  latter  merit  further  consideration. 

Obstruction  by  a  bridle  or  ligament  occurs  so  obviously  to  the  mind 
that  its  frequency  is  apt  to  be  overrated.  In  reality  it  forms  a  small 
proportion  of  the  entire  cases.  The  abnormal  band  may  be  formed 
by  the  adhesion  of  normal  or  other  structures  to  various  parts  of 
the  abdomen  so  as  to  form  bridges.  Thus  the  vermiform  appendage 
may  adhere  by  its  tip  and  form  a  bridge  ;  or  a  Meckel's  diverticulum 
may  similarly  adhere  ;  or  the  omentum  may  be  tied  down  in  such  a  way 
as  to  form  a  narrow  bridle.  But  sometimes  the  band  is  itself  distinctly 
of  new-formation ;  there  has  been  a  local  peritonitis,  and  two  opposing 
surfaces  have  become  adherent  in  the  usual  way  of  inflammatory  ad- 
hesion, by  vascular  connective  tissue ;  by  the  movements  of  the 
intestine  the  connective  tissue  has  been  dragged  upon  and  elongated 
till  it  forms  a  band  or  ligament,  which  may  afterwards  tie  down  a  loop 
of  intestine. 

A  very  unusual  form  of  incarceration  is  that  in  which  there  is  an  Aperture  in  the 
mesentery  through  which  the  intestine  passes.  This  may  be  produced  by  a  tear  in 
the  mesentery.  But  in  a  case  observed  by  the  author  there  was  a  large  round  gap 
about  5  inches  in  diameter  with  rounded  edges,  and  obviously  of  long  standing,  per- 
haps congenital.  The  greater  part  of  the  small  intestine  had  become  impacted  in  a 
complicated  fashion  into  the'  aperture,  and  obstruction  had  finally  resulted. 

Results  of  obstruction.— The  most  direct  efl'ect  is  that  the  intestinal 
contents  accumulate  in  the  parts  of  the  intestine  above.  The  bowel 
may  be  greatly  distended  and  its  muscular  tissue  jmralysed  by  the 
internal  pressure  ;  the  stagnating  faeces  decompose,  and  the  contents  of 
the  small  intestine  may  acquire  the  characters  of  those  of  the  large. 
This  decomposition  of  the  intestinal  contents  leads  to  several  important 
results.  In  the  first  place  there  may  be  great  formation  of  gas  which 
still  further  distends  and  may  produce  the  condition  of  exaggerated  in- 
flation called  Meteorism.    Then  a  return  of  the  fjeces  in  the  reverse 
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direction  may  occur,  and  if  the  decomposition  is  sufficiently  advanced 
there  may  be  a  vomiting  of  matter  having  the  characters  of  faeces. 
This  alarming  phenomenon  of  StercoraceouB  vomiting  is  sometimes 
referred  to  a  reverse  current  extending  from  the  colon.  We  can 
hardly  suppose,  however,  that  the  feeces  are  able  to  pass  the  ileo-csecal 
valve,  and  for  the  most  part  the  vomited  matters  are  really  the  stagnant 
contents  of  the  small  intestine  which  have  undergone  the  faecal  decom- 
position. Of  course  there  is  a  reverse  current,  else  the  intestinal  con- 
tents would  not  reach  the  stomach.  But  this  does  not  necessarily  imply 
a  vermicular  movement  in  the  reverse  direction.  If  the  intestine  is 
distended,  and  is  interrupted  at  a  particular  point,  then  the  vermicular 
movement  in  the  usual  direction  will  carry  the  external  layer  of  contents 
downwards  to  the  point  of  obstruction.  In  order  to  accommodate  this 
fresh  arrival  there  must  be  a  return  current  upwards  in  the  centre  of 
the  tube.  There  is  a  similar  condition  to  what  exists  normally  in  the 
stomach  where  the  contents  are  carried  to  the  pylorus,  and  meeting  the 
obstructing  sphincter  return  for  the  most  part  down  the  centre  of  the 
cavity  towards  the  fundus. 

Again,  the  products  of  decomposition  may  be  absorbed  to  an  abnor- 
mal extent  and  appear  in  the  urine.  There  are  two  substances  resulting 
from  the  decomposition  of  albuminous  substances  which  are  normally 
present  to  a  limited  extent  in  the  urine,  namely,  Indican  and  Carbolic 
acid.  In  cases  of  obstruction  these  substances,  or  one  of  them,  are 
increased  in  quantity  sometimes  to  a  very  striking  extent.  This 
increase  does  not  occur  unless  the  stagnation  extends  to  the  small 
intestine  where  the  albuminoids  are  present.  It  does  not  occur  there- 
fore in  ordinary  constipation  which  affects  the  large  intestine  alone, 
apparently  because  the  albuminoids  are  absorbed  before  they  reach  the 
large  intestine. 

Literature.— CoHNHEiM,  AUg.  Patli.,ii.  147,  1882  ;  Jatfe,  (Indican  in  urine)  Vircb. 
Arcli.,  Ixx.  72,  1877;  Salkowski,  ibid.,  Ixxiii.  409,  1878;  Beieger,  Zeitschr.  f.  kliii. 
Med.,  iii. 
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SECTION  VII. 

DISEASES  OF  THE  LIVER,  PANCREAS,  AND 
PERITONEUM. 

A.  — The  Livek.    Introduction.    Post-mortem  changes.    I.  Malformations  and 

Deformities,  II.  Disorders  of  Circulation.  1.  Passive  hypercemia,  nut- 
7neg  liver,  2.  Thrombosis  and  JSmholism.  111.  Retrograde  Changes,  chiefly 
fatty  infiltration,  amyloid  disease,  and  pigmentation ;  Icterus.  TV.  Acute 
Yellow  Atrophy.  V.  Inflammations.  1.  Suppurative  hepatitis,  including 
tropical  and  pyaemic  abscesses;  also  biliary  abscess.  2.  Chronic  interstitial 
hepatitis.  Cirrhosis;  causation;  lesions;  effects.  Biliary  and  hypertrophic 
cirrhosis.  3.  Perihepyatitis.  VI.  Syphilis  and  Tuberculosis.  Syphilitic 
cirrhosis  and  gummata.  Tuberculosis,  chiefly  secondary.  VII.  Tumours, 
chiefly  cancers  ;  occasionally  primary — chiefly  secondary.  Parasites,  chiefly 
Echinococcus. 

B.  — Bile-ducts  and  Gall-bladder.    1.  Gall-stones,  single  and  multiple,  2.  Oh- 

struction  of  ducts,  3.  Rupture  and  perforation,  4.  Tumours. 

C.  — Pancreas.    Malformations,  hcemorrhages,  inflammations,  -retrograde  changes. 

Tumours,  especially  cancers.    Concretions  and  obstructions  of  duct. 

D.  — Peritoneum.    Introduction.    1.  Malformations  ;  2.  Disorders  of  circidation, 

chiefly  hemorrhage  and  ascites;  chylous  ascites  and  ascites  adiposus ;  3.  In- 
flammations, septic,  chronic;  4.  Tuberculosis,  tubercidar peritonitis ;  5.  Tumours, 
including  Retroperilonecd  sarcoma. 

E.  — Secondary  Extension  of  Cancers  of  the  Abdominal  Organs. 


A. — The  Liver. 

INTRODUCTORY.— The  liver  is  the  largest  gland  in  the  body,  its 
weight  being  on  an  average  from  48  to  58  ounces  in  the  adult 
male  and  40  to  50  ounces  in  the  female. 

In  its  Function  the  liver  is  related  to  the  intestinal  canal  and  the 
blood.  In  the  ffBtus  it  is  probably  engaged  in  forming  the  red  blood- 
corrniscles,  and  probably  throughout  life  it  aids  in  disposing  of  the 
effete  corpuscles,  the  bile  pigment  being  derived  from  that  of  the 
blood-corpuscles.  In  addition  it  has  an  important  function  in  the  pre- 
paration of  glycogen,  whatever  may  be  the  uses  to  w^hich  this  substance 
IS  put.    It  also  seems  to  have  important  relations  to  the  free  fat  of  the 
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body,  ancj^under  certain  circumstances  stores  it  up  in  its  substance  (see 
Fatty  Infiltration). 

The  functions  of  the  liver  being  thus  manifold  and  somewhat  obscure, 
the  effects  of  disease  on  it  are  diflRcult  to  disentangle.  Many  of  the 
diseases  cause  atrophy  of  its  proper  tissue,  but  they  nearly  all  at  the 
same  time  affect  either  the  body  as  a  whole  or  the  vascular  arrange- 
ments of  the  abdomen  which  are  so  peculiarly  related  to  the  liver. 

The  Circulation  in  the  liver  is  very  peculiar  and  claims  special 
attention,  because  most  diseases  of  the  organ  produce  important  effects 
upon  it.  Most  of  the  blood  comes  to  the  liver  by  the  Portal  vein,  and  the 
proper  hepatic  tissue  is  arranged  in  relation  to  the  ultimate  ramifications 
of  that  vessel.  The  interlobular  veins  form  these  ultimate  ramifica- 
tions, and  they  are  in  immediate  connection  with  the  hepatic  lobules. 
The  Hepatic  lobule  is  a  group  of  hepatic  cells  with  blood-vessels,  having 
in  man  a  polygonal  or  somdwhat  globular  shape ;  it  measures  about  the 
twentieth  of  an  inch  in  diameter.  The  interlobular  vein  lying  outside 
the  lobule  sends  capillaries  into  it,  and  these  seeking  the  centre  of  the 
lobule  open  into  the  central  or  intralobular  vein  which  is  the  radicle  of 
the  hepatic  vein.  Between  the  capillaries  lie  the  hepatic  cells,  which 
are  arranged  in  rows  or  cylinders  radiating  from  the  centre  of  the  lobule 
like  the  capillaries.  The  stellate  cells  of  Kupffer  lie  between  the 
hepatic  cells  and  the  capillaries  and  seem  to  be  intimately  connected 
with  both. 

Blood  is  also  brought  to  the  liver  by  the  Hepatic  artery  which 
supplies  chiefly  the  connective  tissue  and  walls  of  the  blood-vessels. 
Its  capillaries  terminate  in  veins  which  open  into  the  interlobular  veins 
(according  to  Cohnheim  and  Litten),  so  that  this  blood  also  finds  its 
way  into  the  hepatic  capillaries  and  on  into  the  hepatic  vein. 

The  Connective  tissue  of  the  liver  is  often  described  as  if  it  formed 
a  special  covering  to  the  portal  vein,  being  called  Glisson's  capsule.  It 
really  forms  a  supporting  stroma  which  holds  the  portal  vein,  the  hep- 
atic artery,  and  the  hepatic  duct,  which  all  lie  side  by  side.  The 
lymphatic  channels  are  also  contained  in  it.  In  swine  the  connective 
tissue  surrounds  each  lobule  and  defines  it  distinctly  from  its  neighbour, 
but  in  man  it  stops  short  at  the  interlobular  vein,  and  except  where 
this  vein  is,  the  lobules  at  their  margins  merge  into  each  other,  and  their 
capillaries  are  in  common.  Examination  of  Fig.  289,  p.  764,  in  which 
the  lobules  are  demarcated  by  fatty  infiltration,  will  show  how  they  run 
into  one  another  at  their  peripheries.  Although  no  proper  fibrillated 
connective  tissue  is  present  inside  the  lobules,  yet  a  fine  reticulum 
accompanies  and  supjjorts  the  capillaries. 

The  circulation  in  the  portal  vein,  and  especially  in  the  capillaries  of 
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the  liver,  must  be  unusually  slow.  The  blood  before  it  reaches  the 
•liver  has  passed  through  one  set  of  capillaries,  and  here  it  passes 
through  a  second  set;  it  has  therefore  lost  very  largely  the  force 
derived  from  the  contractions  of  the  heart.  It  is  probably  for  this  reason 
that  the  liver  is  so  frequently  the  seat  of  secondary  diseases,  such  as 
tuberculosis,  abscesses,  cancers,  etc.,  and  of  the  deposition  of  solid  pig- 
ments. We  may  suppose  that  as  the  blood  moves  so  slowly  there  will  be 
time  for  any  infective  material  to  settle  down  and  produce  its  special 
effects.  We  know  that  when  vermilion  is  injected  into  the  blood  it  is 
found  largely  in  the  capillaries  of  the  liver.  Similarly  the  abnormal 
pigment  present  in  the  blood  in  melansemia  is  found  largely  in  these. 

The  Hepatic  ducts  running  in  the  connective  tissue  along  with  the 
portal  vein  and  hepatic  artery  are  lined  with  cylindrical  epithelium. 
These  are  connected  with  the  biliary  capillaries,  which  originate  inside 
the  lobules  and  seem  to  be  in  part  formed  by  the  hepatic  cells  themselves, 
each  cell  having  on  its  surface  a  groove  which,  with  a  corresponding 
groove  in  the  cell  opposed  to  it,  forms  a  tube. 

Post-mortem  changes, — The  liver  is  liable  to  local  alterations  in  colour-,  in  the  form  of 
pale  antemic  areas,  from  the  pressure  of  neighbouring  structures,  as  the  ribs,  or  dis- 
tended loops  of  intestine.  It  frequently  also  assumes  a  blue  colour  fi'om  decom- 
position, especially  where  it  is  in  contact  with  the  transverse  colon. 

There  are  some  curious  cases  in  which  Cavities  filled  with  gas  develop  throughout 
the  Uver  after  death.  These  are  due  to  decomposition,  the  agents  of  which  have  been 
conveyed  to  the  liver  before  death.  The  condition  may  be  associated  with  a  similar 
appearance  in  the  spleen,  and  it  will  occur  chiefly  in  cases  of  septic  wounds.  It 
was  so  at  least  in  a  case  observed  by  the  author,  of  which  the  liver  is  preserved  in 
the  Museum  of  the  Western  Infirmary. 

Literature. — General  ivories — Budd,  Dis.  of  liver,  2nd  ed.,  1862  ;  Mtjbchison,  Clin, 
lect.  on  dis.  of  liver,  etc.,  2nd  ed.,  1877;  Anstie,  In  Eeynolds'  Syst.  of  med.,  iii., 
1871 ;  Habebshon,  Path,  and  treatment  of  some  diseases  of  liver,  1872 ;  Peeeichs, 
Dis.  of  liver;  transl.  Syd.  Soc,  1858-61;  Chaecot,  Lemons  sur  les  malad.  du  foie, 
1877 ;  Hanot  et  Gilbeet,  Malad.  du  foie,  1888. 

I.— MAX,FORMATIONS  AND  DEFORMITIES  OF  THE  LIVEE. 

Congenital  malformations  of  the  liver  are  not  common.  There  are 
cases  of  absence  of  the  liver,  and  of  defect  of  one  of  the  lobes,  or  irre- 
gularity in  the  lobes.  What  may  be  called  supernumerary  livers  have 
also  been  found  in  the  form  of  isolated  pieces  of  liver  tissue  in  the 
suspensory  ligament.  Of  more  importance  is  congenital  absence  of 
the- gall  bladder,  along  with  which  there  is  usually  a  dilatation  of  the 
bile  ducts. 

When  considerable  portions  of  the  liver  are  destroyed,  there  is  liable  to  be  a 
Compensatory  hypertrophy  of  remaining  parts.  The  loss  of  liver  substance  may  be 
congenital,  as  in  a  case  observed  by  the  author  in  which,  probably  from  some 
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injury  early  in  fcetal  life,  the  right  kidney  and  the  greater  part  of  the  right  lobe  of 
the  liver  were  wanting.  In  that  case  the  left  lobe  was  greatly  increased  in  size, 
and  the  liver  as  a  whole  was  of  the  normal  weight.  There  may  be  a  similar  com- 
pensatory hypertrophy  from  destruction  of  liver  tissue  in  after  life.  The  destruc- 
tion may  be  by  pressure  of  hydatid  cysts,  syphilitic  gummata,  and  cicatrices,  or  even 
by  cirrhosis.  The  region  of  the  atrophy  will  determine  that  of  the  hypertrophy, 
but  sometimes  the  left  lobe  or  the  lobus  SpigeUi  undergoes  great  enlargement. 

The  liver  is  sometimes  Transposed  along  with  a  general  trans- 
position of  the  Aascera.  In  a  case  recorded  by  Fraser,  there  was  not 
only  a  transposition  but  an  occasional  Dislocation  of  the  liver,  Avhich 
came  down  into  the  left  inguinal  region. 

An  Acquired  deformity  is  the  so-called  Stay  liver  of  females.  This 
deformity  is  usually  stated  to  be  due  to  tight  lacing,  but  although 
doubtless  greatly  aggravated  by  this,  it  is  also  induced  by  the  ordinary 
methods  of  suspending  the  garments  by  a  tight  ligature  round  the 
waist.  The  effect  on  the  liver  is  that  it  is  greatly  flattened,  while 
a  transverse  shallow  depression  forms  along  the  upper  surface,  aifectiiig 
chiefly  the  right  lobe.  In  this  groove  the  capsule  is  thickened,  and 
there  is  obviously  considerable  loss  of  liver  tissue.  Sometimes  the 
atrophy  along  this  groove  is  such  that  the  two  portions  can 
be  folded  together.  With  the  flattening  there  is  great  displacement 
of  the  liver,  whose  lower  edge  may  extend  as  far  down  as  the  um- 
bilicus. More  or  less  of  this  deformity  is  to  be  found  in  nearly  all 
female  bodies,  and  also  in  the  bodies  of  men  who  have  been  in  the 
habit  of  wearing  tight  belts  round  their  waists. 

Sometimes  the  upper  surface  of  the  right  lobe  of  the  liver  presents 
elongated  depressions  passing  from  behind  forwards,  which  are  really 
Folds  of  the  liver,  and  are  produced  chiefly  when  there  is  some 
obstruction  to  expiration.  In  that  case  the  diaj^hragm  is  depressed 
by  the  dilated  lung,  and  at  the  same  time  the  lower  ribs  are  drawn 
down  in  violent  expiratory  movements  by  the  abdominal  muscles,  and 
pressed  against  the  liver,  which  is  sujjported  beloAV  by  the  contraction 
of  the  abdominal  muscles. 

The  liver  is  very  liable  to  Changes  of  position.  Tinnours  or 
fluid  in  the  abdomen  carry  it  upwards.  Depressions  of  the  diaphragm 
press  it  downwards.  The  suspensory  ligament  may  be  elongated  so 
that  the  organ  is  unduly  moveable,  and  may  undergo  displacement 
downwards. 

Literature. — THiEKrELDEn,  in  Ziemssen's  Cycl.  ix.,  1887 ;  Laudan,  Wanderleber 
und  Hangebauch  der  Prauen,  1885  ;  Frasek,  Glasg.  Med  Jour.,  xx.,  1883. 
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II.— AFFECTIONS  OF  THE  CIRCULATION  IN  THE  LIVEE. 
1.  Passive  hypersBmia. — This  is  perhaps  the  commonest  of  all 
iiffections  of  the  liver.  The  names  Nutmeg  liver  and  Red  atrophy  are 
sometimes  given  in  cases  of  prolonged  passive  hypertemia,  these  names 
indicating  certain  appearances  presented  by  the  tissue.  Passive 
hypersemia  occurs  when  any  obstruction  exists  in  the  circulation  of  such 
a  nature  as  to  interfere  with  the  return  of  blood  from  the  inferior  vena 
cava  to  the  right  side  of  the  heart.  The  commonest  cause  is  valvular 
disease  of  the  heart,  especially  mitral  disease,  but  it  also  results  from 
obstruction  to  the  pulmonary  circulation  as  in  bronchitis  and  em- 
physema, etc.  In  these  cases  there  is  a  general  engorgement  of  the 
systemic  venous  circulation,  with  increase  of  blood-pressure  in  the  veins. 
As  the  normal  circulation  in  the  liver  is  unusually  slow,  and  the  blood- 
pressure  low,  any  increase  in  the  blood-pressure  in  the  general  venous 


Fig.  288. — Passive  hypertetnia  of  the  liver.  One  lobule  niid  parts  of  otbor  two  aro 
shown.  In  the  central  parts  of  the  lobules  there  is  almost  nothing  but  dilated  capil- 
laries containing  blood-corijuscles  ;  a  few  atrophied  and  pigmented  hepatic  cells  being 
visible.  At  the  peripheral  parts  of  the  lobules  the  hepatic  colls  .are  seen,  many  of  them 
pigmented,    x  ,50. 

circulation  will  tell  particularly  on  the  vessels  of  the  liver,  and  we  may 
even  suppose  that  the  blood  passing  up  the  inferior  cava  may  in  such 
cases  regurgitate  into  the  hepatic  vein. 
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The  result  of  this  is  very  great  distension  of  the  hepatic  vein  and 
its  radicles — the  central  or  intralobular  veins.  The  distension  extends 
to  the  capillaries,  which,  as  in  Fig.  288,  are  sometimes  found  enormously 
dilated.  The  dilated  capillaries  by  pressm-e  cause  Atrophy  of  the 
hepatic  cells,  and  it  often  happens  that  the  central  parts  of  the 
lobules  are  entirely  occupied  by  enormously  dilated  capillaries,  while 
the  hepatic  cells  are  hardly  visible  (see  figure).  The  remains  of 
the  heiiatic  cells  frequently  contain  brown  Pigment  granules.  The 
atrophy  of  the  hepatic  cells  in  these  regions  may  be  complete,  only  a 
few  pigment  masses  representing  them.  Sometimes,  instead  of  a  simple 
atrophy  we  have  Fatty  degeneration  of  the  hepatic  cells,  localized  in 
the  central  parts  of  the  lobules. 

Sometimes  in  addition  to  these  changes  there  is  a  hypertrophy  of  the 
connective  tissue  surrounding  the  lobules,  but  this  is  usually  incon- 
siderable, and  it  is  a  mistaken  view  that  a  cirrhosis  of  the  liver  arises 
out  of  passive  hypersemia. 

To  the  naked  eye  there  is  a  general  enlargement  of  the  organ, 
which,  on  section,  appears  unduly  red.  On  close  examination  it  is 
seen  that  there  are  minute  areas  of  a  deep  red  colour  corresponding 
with  the  central  parts  of  the  lobules,  and  these  are  surrounded  by  zones 
of  a  grey  or  yellowish  colour.  The  result  is  that  the  lob  ides  are,  as  it 
were,  mapped  out  by  these  contrasting  colours,  and  are  for  the  most 
part  individually  visible  to  the  naked  eye.  Sometimes  several  adjacent 
lobules  are  almost  completely  occupied  by  dilated  vessels,  and  there  is  a 
narrow  ring  of  normal  tissue  around  each,  so  that  the  portion  of 
liver  has,  as  a  whole,  an  almost  cavernous  structure  and  presents  a  deep 
red  colour  on  section.  It  is  these  variations  in  colour  and  figuring, 
which  give  the  cut  surface  the  appearance  of  the  section  of  a  Nutmeg. 

In  parts  where  there  has  been  great  loss  of  the  proper  tissue,  the 
liver  may  apjDear  to  the  naked  eye  after  death  partially  atrophied. 
During  life  the  dilated  veins  and  capillaries  are  distended  with  blood, 
but  after  death,  the  blood-pressure  being  removed,  these  may,  to  some 
extent,  collapse.  In  this  way  the  surface  has  sometimes  a  granular 
appearance,  which  may  be  mistaken  for  that  of  cirrhosis,  but  it  will  be 
noticed  that  the  depressed  or  atrophied  parts  have  a  deep  red  colour. 

2.  Thrombosis  and  Embolism.— Thrombosis  of  the  Portal  vein  is  of 
somewhat  frequent  occurrence,  especially  as  a  result  of  cirrhosis.  It 
also  occurs  sometimes  by  propagation  of  thrombosis  from  the  radicles 
of  the  vein,  or  by  embolism  from  them.  The  consequences  to  the  liver 
itself,  even  of  complete  closure  of  the  portal  vein,  are  not  so  important 
as  might  be  looked  for.  It  is  stated  by  some  that  it  may  lead  to 
cirrhosis  of  the  liver,  but  there  is  no  proper  foundation  for  this  state- 
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ment,  and  cirrhosis  is  much  more  frequently  the  cause  than  the  result 
of  thrombosis.  It  has  also  been  asserted  that  diabetes  mellitus  may 
occur  as  a  resvUt  of  thrombosis  of  the  portal  vein.  The  consequences 
outside  the  liver  are  much  more  important.  There  is  dilatation  of  the 
radicles  of  the  portal  vein  in  the  abdominal  viscera,  with  ascites,  which 
is  generally  very  extreme.  The  results  in  this  regard  are  essentially 
similar  to  those  which  occur  in  cirrhosis,  and  are  referred  to  more 
particularly  below,  under  that  heading. 

Thrombosis  and  embolism  of  the  .Hepatic  artery  are  not  usually 
of  consequence  unless  the  plug  be  of  a  septic  .nature.  The  hepatic 
artery  is  not  an  end-artery,  and  if  some  of  its  branches  be  obstructed  the 
anastomosing  communications  restore  the  circulation.  A  few  cases  have 
been  observed,  however,  in  which  something  approaching  to  an 
infarction  has  occurred.  If  the  main  branch  of  the  artery  be  obstruc- 
ted then  we  may  have  necrosis  of  the  liver,  but  such  an  obstruction 
is  scarcely  liable  to  occur  in  man,  and  its  effects  have  only  been  studied 
in  experiments  in  animals. 

Embolism  of  the  hepatic  vein  by  solid  bodies  passing  backwards 
by  gravitation  from  the  inferior  vena  cava  has  been  observed  in  a  few 
cases  (Eecklinghausen).  Thrombosis  of  this  vein  also  occurs  in  cases  of 
cancer  and  of  abscess  of  the  liver. 

III.— EETEOGRADE  CHANGES  IN  THE  LIVER. 

1.  Necrosis. — On  account  of  the  double  blood-supply  in  the  liver 
necrosis  seldom  occurs.  In  a  case  of  rupture  of  the  liver,  however,  in 
which  fissures  cut  off  the  blood-supply  from  a  wedge-shaped  piece,  the 
author  observed  an  appearance  like  that  of  the  pale  infarction.  The 
tissue  both  in  naked-eye  and  microscopic  characters  showed  the  appear- 
ances of  coagulation-necrosis.  There  is  also  necrosis  in  connection  with 
the  pytemic  abscess. 

2.  Atrophy. — The  hepatic  parenchyma  is  very  liable  to  atrophy.  We 
have  a  General  atrophy  in  cases  of  emaciation  and  inanition,  and  also  as 
a  senile  phenomenon.  In  these  cases  the  liver  is  small  in  size  and  deep 
in  colour.  There  is  also  a  general  atrophy  in  melanjemia  (see  further 
on). 

Local  atrophy  of  the  liver  is  usually  the  result  of  pressure,  as  by 
tiimours  growing  in  the  liver,  by  dilated  capillaries,  by  the  swollen 
capillaries  in  amyloid  disease,  or  otherwise.  Indeed  the  hepatic  cells 
seem  very  readily  to  give  way  before  pressure,  so  that  one  often  sees  in 
the  neighbourhood  of  a  growing  cancer  the  hepatic  cells  flattened  out 
concentrically  and  atrophied. 

3.  Parenchymatous  infiltration. — This  occurs,  as  we  have  pi-oviously 
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seen,  in  connection  with  many  acute  diseases.  It  is  this  which  causes 
the  enlargement  of  the  liver  in  the  acute  fevers,  pneumonia,  erysipelas, 
etc.  The  hepatic  cells  are  highly  granular,  and  if  the  albuminous 
granules  be  destroyed  by  liquor  potassae  it  will  be  seen  that  there  are 
numerous  fine  fat  granules,  the  cloudy  swelling  passing  into  fatty  de- 
generation. 

4.  Fatty  degeneration. — This  is  frequently  seen  as  a  farther  stage  of 
the  condition  just  mentioned,  and  is  a  special  feature  in  acute  yellow 
atrophy  to  be  presently  described.  It  is  also  usually  present  in  pernicious 
anajmia.  A  more  localized  fatty  degeneration  is  met  with  in  conse- 
quence of  local  affections  of  the  liver,  as  in  passive  hypersemia,  but  more 
especially  in  cirrhosis  of  the  liver.  It  is  characterized  by  the  presence 
of  minute  fat  granules  in  the  protoplasm  of  the  cells. 

5.  Fatty  infiltration.— The  pathology  of  this  condition  has  been  re- 
ferred to  in  a  former  part  of  this  work  (see  p.  160).  It  is  most  typically 
seen  in  phthisis  pulmonalis  and  in  some  other  wasting  diseases.  It  also 
occurs,  although  in  a  somewhat  diff'erent  form,  in  chronic  alcoholism. 


Fig.  289. — Fatty  infiltration  of  the  liver;  osmicacid  preparation  as  seen  with  a  very 
low  power.  The  peripheral  parts  of  the  lobules  are  demareated  by  the  fatty  infiltr.a- 
tion.    X  16. 


In  fatty  infiltration  fat  is  brought  by  the  portal  vessels  and  deposited 
in  the  hepatic  cells.  It  is  first  deposited  in  those  nearest  the  terminals 
of  the  portal  vein,  that  is  to  say,  in  the  peripheral  parts  of  the  lobules 
(see  Fig.  289),  so  that  at  first  each  lobule  has  a  peripheral  zone  of  fatty 
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Fig.  2fl0.— Fatty  infiltration  of  liver.  The 
cells  are  isolated,  and  they  contain  larger  and 
smaller  drops  of  oil.    x  350. 


infiltration.  This  is  very  markedly  seen  when  a  section  is  examined 
microscopically  in  the  fresh  state  or  stained  with  osmic  acid.  In  the 
latter  case  the  fatty  perijjheral  parts  become  of  a  blackish  colour,  and 
the  section  assumes  a  very  striking  figured  appearance  as  shown  in  the 
figure.  As  the  condition  advances,  more  and  more  of  the  lobule  is 
affected,  and  the  infiltration  may  overtake  its  whole  extent.  Even  in 
extreme  cases,  however,  it  usually  preponderates  at  the  peripheral 
parts.  The  fat  is  present  in  larger  and  smaller  drops  inside  the  hepatic 
cells,  but  the  tendency  is  for  the  drops  to  assume  a  considerable  size 
(as  in  Fig.  290).  The  protoplasm 
of  the  cells  is  pushed  aside  by  the 
fat,  but  its  function  is  not  appar- 
ently interfered  with.  The  stellate 
cells  of  Kupffer  are  sometimes 
specially  afi'ected. 

The  fatty  liver  is  increased  in 
weight,  and  in  extreme  cases  it  may 
be  double  the  normal.  The  organ 
is  enlarged  generally,  rounded  at  the  edges  and  increased  in  thick- 
ness. It  is  unduly  soft  in  consistence  and  has  an  opaque  pale  colour 
which  may  be  very  marked,  and  merge  towards  a  safiFron  yellow.  It 
is  nearly  always  possible  with  the  naked  eye  to  distinguish  evidences 
of  the  lobular  distribution  of  the  fat.  The  lobules  are,  in  fact,  mapped 
out  in  the  most  characteristic  figured  manner,  so  that,  on  looking  closely, 
we  can  distinguish  each  with  perfect  accuracy. 

The  appearance  presents  a  considerable  resemblance  to  that  of  the  nutmeg  liver, 
where  also  the  lobules  are  mapped  out ;  but  in  the  fatty  liver  it  is  by  unduly  pale 
tissue  at  the  peripheral  parts  of  the  lobules,  which  contrasts  with  the  normal  central 
parts ;  while  in  the  other  case  it  is  the  normal  which  is  at  the  periphery,  and  it 
contrasts  with  the  red  central  parts,  and  the  whole  cut  surface  is  unduly  red. 

In  Chronic  alcoholism  the  fat  is  more  generally  distributed.  The 
liver  as  a  whole  has  a  soft  greasy  appearance,  and  fat  will  be  found  in 
larger  and  smaller  drops  throughout  the  lobules. 

6.  Amyloid  degeneration. — The  liver  is  usually  affected  when  amy- 
loid disease  exists  in  the  body,  but  the  aflfection  shows  great  diff"erences 
in  degree.  It  may  be  very  slight  in  the  liver  while  very  advanced  in 
the  spleen  and  kidney,  and  vice  versa.  It  is  not  known  how  these  dif- 
ferences are  determined.  In  phthisis  jjulmonalis  which  is  the  most 
frequent  cause  of  amyloid  disease  we  have  all  varieties  in  distribution. 

The  degeneration  appears  first  in  the  arteries  and  capillaries,  the 
appearance  in  the  latter  being  as  if,  at  intervals,  the  wall  were  swelled 
up  by  a  translucent  material.    In  these  earlier  stages  there  is  no  diffi- 
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culty  in  making  out  that  inside  the  lobules  it  is  the  capillaries  which  are 
affected.  The  general  arrangement  of  the  capillaries  is  beautifully  sho^ra 
by  the'  rose-pink  colour  in  a  section  stained  with  methylviolet,  the 
appearance  being  almost  that  of  an  injected  specimen.  Even  in  the 
earlier  periods  considerable  atrophy  of  the  hepatic  cells  can  be  observed 
as  a  result  of  pressure  from  the  swollen  capillaries,  and  the  atrophic  cells 
frequently  contain  fat.  In  advanced  stages,  however,  the  cells  are 
very  greatly  destroyed,  so  that  the  liver  tissue  is  replaced  by  amyloid 
substance.  The  tissue  still  shows  indications  of  the  lobular  arrange- 
ment, and  also  of  the  capillaries,  although  scarcely  any  hepatic  cells 
remain  (see  Fig.  38,  p.  165). 

It  is  remarkable  that,  with  this  great  loss  of  the  secreting  substance, 
there  is  actual  increase  in  size  and  weight  of  the  liver.  It  is  not 
uncommon  to  find  the  liver  weighing  two  or  three  times  the  normal. 
The  increase  in  size  is  not  proportionate  to  that  in  weight,  as  the 
amyloid  substance  is  of  greater  density  than  the  liver  tissue.  The  edges 
of  the  organ  are  rounded  and  its  consistence  elastic  and  resistant.  The 
surface,  and  especially  the  cut  surface,  is  homogeneous  and  presents  a 
peculiar  translucent  waxy  appearance,  which  in  advanced  stages  is  highly 
characteristic. 

7.  Pigmentary  infiltration. — The  hepatic  tissue  is  liable  to  a  con- 
siderable number  of  different  forms  of  jDigmentation. 

Icterus  is  the  most  frequent  and  obvious  cause  of  pigmentary  infiltra- 
tion of  the  liver.  We  have  here  to  do  with  hepatogenous  icterus, 
arising  from  obstruction  of  the  bile  ducts.  Allien  the  bile  ducts  are  ob- 
structed the  secretion  of  bile  does  not  cease,  and  as  excretion  is  hindered 
there  occurs  a  re-absorption  of  the  bile.  As  the  hejDatic  cells  lie  between 
the  biliary  capillaries  and  the  blood,  the  bile  must  traverse  the  former 
to  reach  the  latter,  and  consequently  the  hepatic  cells  are  most  imme- 
diately and  directly  stained  with  the  re-absorbed  biliary  pigment.  The 
pigment  at  first  stains'  the  cells  generally,  but  when  the  process  is  pro- 
longed, the  bile  is  deposited  in  the  cells  as  solid  granules,  which  have  a 
deep  brown  or  greenish  colour.  It  rai'ely  forms  crystals.  The  pig- 
mentary deposit  occurs  chiefly  in  the  centx'al  parts  of  the  lobules.  The 
bile  sometimes  condenses  in  the  biliary  capillaries  and  forms  solid  plugs 
or  moulds  of  these. 

This  biliary  infiltration  of  the  liver  occui's  in  consequence  of  an  obstruc- 
tion either  of  the  main  duct  (ductus  communis).  It  results  also  from 
obstruction  of  the  finer  ducts  in  the  substance  of  the  organ,  as  in  cases 
of  . Cirrhosis  and  Cancer  of  the  liver,  having  in  that  case  a  partial  dis- 
tribution according  to  the  disposition  of  the  lesion  which  causes  it. 

Infiltration  with  blood-pigment  occurs,  as  already  mentioned  in 
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Melanajmia,  and  in  pernicious  anseniia.  In  Melanaemia  the  pigment  is 
in  the  capillaries,  and  the  hepatic  cells  suffer  considerable  atrophy,  prob- 
ably because  of  the  obstruction  of  the  capillaries.  In  Pernicious  anaemia 
there  is  a  reddish  brown  pigment  deposited  in  the  hepatic  cells,  which 
may  give  a  general  coloration  to  the  organ  as  a  whole.  In  addition, 
colourless  granules  containing  iron  are  present  in  the  liver,  and 
may  be  detected  by  the  dark  green  colour  which  they  assume  on  the 
addition  of  NH^S  or  by  the  blue  colour  with  ferrocyanide  of  potassium 
and  hydrochloric  acid.    (See  under  Pernicious  Angemia.) 

IV.— ACUTE  YELLOW  ATEOPHY  OF  THE  LIVEE. 

This  disease,  although  by  its  name  it  is  connected  with  a  definite 
lesion  in  the  liver,  is  really  a  general  one,  due  to  a  morbid  poison  in 
the  blood.  In  some  cases  the  poison  seems  to  be  septic  in  its  character, 
the  disease  coming  on  in  the  course  of  septic  infection,  especially  in  the 
puerperal  state  or  in  erysipelas,  but  generally  no  definite  poison  can  be 
traced.  Several  observers  have  sought  to  connect  the  disease  Math 
certain  forms  of  microbes  (Klebs,  Zander,  etc.).  It  is  consistent  with 
this  view  that  phosphorus  produces  changes  so  similar  that  some 
observers  have  suggested  that  acute  yellow  atrophy  is  always 
due  to  poisoning  with  phosphorus.  This  view,  however,  is  not 
tenable. 

Although  at  post-mortem  examination  the  liver  is  nearly  always 
reduced  in  size,  yet  in  some  cases  it  is  found  enlarged,  and  there  is 
reason  to  believe  that  in  the  earlier  stages  it  is  generally  enlarged. 
The  enlarged  liver  is  of  a  brownish  yellow  or  bright  yellow  colour, 
either  generally  or  in  streaks  and  patches.  In  these  parts  the  cells  are 
enlarged  and  full  of  fat  granules.  Although  this  is  a  true  fatty  degenera- 
tion, yet  the  fat  is  in  comparatively  large  drops. 

In  the  further  stages  the  liver  is  found  smaller  than  normal,  and  its 
tissue  is  soft  and  flabby.  The  capsule  is  often  wrinkled  from  the 
atrophy  of  the  substance  of  the  organ,  and  the  organ  flattens  out  by 
its  own  weight,  its  thickness  being  greatly  diminished.  The  diminution 
in  size  often  aff"ects  the  left  lobe  especially.  On  cutting  into  the  organ 
the  section  shows  usually  difierent  shades  of  colour.  The  predomin- 
ating tint  is  yellow,  varying  from  the  colour  of  gamboge  to  a  dark 
yellowish  brown.  Mixed  with  this,  however,  there  is  a  red  colour 
forming  the  red  substance  of  Zenker.  Where  the  colour  is  yelloAv 
the  tissue  is  softest,  but  the  red  parts  are  the  most  atrophied,  the 
red  substance  arising  by  the  absorption  of  the  degenerated  hepatic 
cells. 

On  examining  the  yellow  tissue  under  the  microscope,  it  will  hardly 
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be  recognizable  as  that  of  the  liver  (see  Fig.  291).    There  are  no  proper 

hepatic  ;  cells,  but  instead 
irregular  masses  containing 
fat  drops  and  granular 
debris,  with  here  and  there 
rhombic  crystals  of  a  red- 
dish broAvn  colour.  The 
Crystals  of  pigment,  which 
resemble  those  found  in  old 
blood  clots  in  the  brain, 
may  be  reaUy  formed  from 
the  biliary  colouring  mat- 
ter. Sometimes  Leucine  is 
found  in  opaque  clumps, 
white  in  colour  and  gen- 
erally stratified.  Acicular 

Fig.  291.— From  liver  in  acute  yellow  atrophy.  The  crvstals  of  TvrOSilie  are 
hepatic  cells  form  irregular  clumps.    There  are  numer- 

ous  pigment  crystals  of  similar  shape  to  the  crystals  of  also  found. 
hiematoidin  (Fig.  9,  p.  S4  ),  and  of  a  similar  deep  red        mi  t  i 

colour,  but  smaller,  x  350.  The  red  substauce  does 

not  present  the  abundant  fatty  debris  ;  that  has  been  cleared  away,  and 
there  is  now  a  fibrous  material  visible,  merely  sprinkled  mth  fat  gran- 
ules. In  some  cases  glandular-looking  processes  have  been  observed, 
and  have  been  taken  to  indicate  an  attempt  at  regeneration  of  the  lost 
hepatic  substance,  beginning  in  the  capillary  network  of  the  hepatic 
ducts. 

Besides  the  changes  in  the  liver,  there  are  lesions  of  a  somewhat 
similar  character  elsewhere,  especially  in  the  epithelium  of  the  Iddneys 
and  the  muscular  fibre  of  the  heart.  The  symptoms  are  those  of  a 
general  disease. 

Literature. — Fbeeichs,  Dis.  of  liver ;  Syd.  Soc.  transl.,  1858-61 ;  Klebs,  Handb., 
i.,  1869;  Zenker,  (very  complete  articles)  D.  Arch.  f.  klin.  Med.,  x.  166,  1872; 
Coats,  Brit.  Med.  Jour.,  1875,  i. ;  Ashley,  Livei-p.  Med.  Cbir.  Jour.,  1883 ;  Zandee, 
(Microbes),  Virch.  Arch.,  lix.,  1874;  Tosikins  and  Deeschfeld,  Lancet,  1884,  i. 
606;  BoiNET  et  Boy-Teissiee,  Eev.  de  M6d.,  1886;  Coenil  et  Beault,  (Phos- 
phorus poisoning)  Jour,  de  I'anat.  et  de  la  phys.,  1882 ;  Ossikowsky,  Wien.  Med. 
Wochenschr.,  1881. 

V.--INFLAMMATIONS  OP  THE  LIVEE. 

1.  Suppurative  hepatitis. — Acute  suppurative  inflammation  will 
occur  usually  in  connection  with  septic  processes,  which  have  been  pro- 
pagated to  the  liver. 

(a)  The  Tropical  abscess  is  scarcely  ever  met  with  in  this  country, 
except  in  persons  who  have  been  in  hot  climates,  especially  in  India. 
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Much  doubt  exists  as  to  the  cause  of  the  inflammation  which  gives  rise 
I  to  the  abscess.  In  a  large  proportion  of  cases  it  is  associated  with 
,  dysentery,  and  it  is  believed  by  many  that  the  abscess  in  the  liver  arises 
by  septic  matter  being  carried  from  the  ulcerated  intestine  to  the  liver. 
This  view,  however,  is  not  beyond  question,  and  post-mortem  examin- 
ation shows  that  the  tropical  abscess  is  by  no  means  uniformly  associated 
with  dysentery.  It  is  possible,  indeed,  that  an  existing  abscess  by 
causing  congestion  of  the  portal  circulation  may  predispose  to  inflam- 
mation of  the  intestine  (Finlayson).  It  is  not  unlikely  that  certain 
states  of  the  liver  predispose  to  the  development  of  the  microbes  in 
question,  and  that  they  may  find  entrance  to  the  body  without  any 
lesion  of  the  intestine. 

A  confirmation  of  this  view  is  furnished  by  the  fact,  testified  by  Dr.  David  Wilkie 
of  Simla,  that  in  India,  while  the  mortality  ratio  from  dysentery  among  natives  is 
not  far  from  that  among  Em'opeans,  the  death-rate  from  hepatitis  is  proportionally 
greater  amongst  Europeans,  probably  from  predisposition,  brought  about  by  their 
mode  of  hving  and  racial  characteristics.  Thus  in  the  European  and  native  armies 
from  1877  to  1886  the  death-rate  from  dysentery  per  1000  men  was  1-33  and  1-25 
respectively  (or,  including  diarrhoea  and  dysentery,  1-57  and  2-27),  whereas  the 
death-rate  from  hepatitis  was  1-45  in  the  European  and  0-17  in  the  native  army. 
This  is  more  strikingly  apparent  in  the  deaths  in  the  jails  of  India  (natives),  the 
death-rate  being,  dysentery  and  diarrhoea,  1877-1886,  19-13  ;  hepatitis,  0-22. 

The  abscess  is  mostly,  but  not  always,  solitary,  and  before  death  it 
generally  grows  to  large  dimensions,  causing  great  enlargement  of  the 
liver.  Having  approached  the  surface,  it  sometimes  causes  a  marked 
projection  from  the  liver.  The  abscess  may  rupture  into  the  peritoneum 
and  cause  fatal  peritonitis,  or  its  capsule  having  become  adherent  to  the 
abdominal  wall  the  abscess  may  by  and  by  find  its  way  to  the  surface 
of  the  body,  there  to  discharge.  It  also  occasionally  bursts  in  other 
directions,  as  through  the  diaphragm  into  the  pleural  cavity,  or 
lung ;  into  the  colon  or  other  part  of  the  intestine ;  or  into  the  gall 
bladder  from  which  the  pus  is  carried  to  the  duodenum.  In  these 
various  ways  the  pus  may  be  disposed  of  and  perhaps  recovery  occur, 
but  more  frequently  a  wasting  discharge  from  the  cavity  of  the  abscess 
remains. 

In  other  cases  the  abscess  docs  not  enlarge,  but  rather  drics-in.  A 
thick  connective  tissue  capsule  forms  around  it  like  the  wall  of  a  cyst, 
and  the  pus  thickens  to  a  cheesy  consistence.  Afterwards  the  contents 
may  become  calcareous  and  the  disease  become  virtually  obsolete. 

i'j)  Pyaemic  abscesses  are  i)roduced  by  pyogenic  microccoci  conveyed 
to  the  liver  by  the  blood.  They  may  be  carried  by  the  hepatic  artery, 
in  which  case  they  have  generally  been  absorbed  from  a  septic  wound 
and  have  traversed  the  lungs.    >Such  abscesses  will  usually  be  associated 
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with  similar  metastatic  abscesses  in  the  lungs.  On  the  other  hand,  the 
microbes  may  be  conveyed  by  the  portal  vein,  being  associated  with  a 
septic  thrombo-pblebitis  in  its  radicles.  This  occurs  most  frequently  in 
cases  of  perityphlitis. 

The  abscesses  may  occur  apparently  without  any  definite  thrombosis 
in  the  veins  or  embolism  in  the  liver,  it  being  apparently  sufficient  that 
the  microbes  get  into  the  blood.  As  the  circulation  in  the  hepatic  capil- 
laries is  peculiarly  slow,  it  is  probable  that  such  microbes  vnU.  more 
readily  lodge  and  propagate  in  the  liver  than  elsewhere. 

The  microbes  multiply  and  form  zoogloea  in  the  capillaries  and  inter- 
lobular veins,  passing  into  the  central  veins.  Wherever  the  colonies 
extend  the  liver  tissue  undergoes  necrosis,  the  cells  lose  their  nuclei 
and  become  individually  indistinguishable.  Inflammation  is  produced 
around,  and  there  is  here,  as  elsewhere  under  similar  circumstances,  an 
acute  suppurative  inflammation.  The  round  cells  accumulate  around 
the  necrosed  portion,  and  gradually  infiltrate  it  and  break  it  down,  so 
that  an  abscess  forms. 

The  abscess  may  be  primarily  a  small  or  a  large  one  according  as  the 
capillaries  over  a  smaller  or  larger  area  are  invaded,  but  several  abscesses 
may  ultimately  coalesce,  and  so  we  have  them  sometimes  of  very  con- 
siderable dimensions. 

The  abscesses  in  this  form  are  always  multiple.  In  accordance  vnth 
what  has  been  stated  the  actual  abscess  is  preceded  by  a  grey  or  yel- 
lowish discoloration  indicating  the  existence  of  necrosis  of  the  tissue. 
There  will  be  probably  a  group  of  such  areas  corresponding  to  necrosed 
hepatic  lobules.  Ultimately  these  break  down  and  form  a  common 
abscess. 

(c)  Biliary  abscesses  occasionally  form  in  connection  mth  obstruction 
of  the  ductus  choledochus.  This  Avill  result  when  decomposition  occui's 
in  the  stagnant  bile  and  extends  into  the  ducts  in  the  substance  of  the 
liver.    (See  further  on  under  Obstruction  of  Bile  Ducts.) 

2.  Chronic  interstitial  hepatitis.  Cirrhosis.— We  have  to  do  here 
with  a  chronic  inflammation  of  the  interstitial  connective  tissue  of  the 
organ. 

Causation. — As  the  disease  occurs  for  the  most  part  homogeneously 
throughout  the  organ,  the  irritant  is  contained  in  the  blood  circulating 
in  the  liver.  The  name  "  gin-drinker's  liver,"  frequently  applied  to 
this  disease,  involves  the  view  that  alcohol  is  commonly  the  irritant. 
Alcohol  taken  frequently  in  the  form  of  undiluted  spirits  is  believed  to 
cause  the  disease,  while  beer  and  wine  do  not.  But  the  disease  may 
originate  from  other  kinds  of  irritation  whose  nature  is  obscure.  It  has 
l)een  produced  experimentally  by  chronic  poisoning  with  phosphorus 
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;ujd  ciuithtirides,  and  it  probably  occurs  also  as  a  result  of  syphilis.  It 
has  been  met  with  in  young  children,  and  the  author  has  recorded  a 
case  in  which  a  typical  cirrhosis,  with  the  usual  secondary  phenomena, 
occurred  in  a  cat.  The  fact  that  it  was  a  butcher's  cat  may  indicate 
that  it  indulged  in  excess  of  eating  rather  than  of  drinking.  Greenfield 
has  also  recorded  two  cases  of  cirrhosis  in  the  cat. 

It  has  been  asserted  of  recent  years  that  obstruction  of  the  bile  ducts 
is  a  cause  of  cirrhosis,  and  a  special  form  of  Biliary  cirrhosis  has  been 
distinguished.  The  frequent  occurrence  of  obstruction  by  gall-stones 
and  otherwise  without  any  of  the  appearances  of  cirrhosis,  however, 
rather  contradicts  this  view. 

Character  of  the  lesions. — In  cirrhosis  we  have  chronic  inflam- 
mation of  the  connective  tissue  of  the  liver,  resulting  in  newformation 
of  a  similar  tissue.  The  interstitial  connective  tissue  of  the  liver 
follows,  as  we  have  seen,  the  portal  vessels,  forming  a  frame-work  in 
which  are  supported  the  portal  vein  and  its  branches,  the  hepatic  artery 


and  hepatic  duct.  The  newformation  occurs  in  the  great  majority  of 
cases  only  in  these  regions,  that  is  to  say,  outside  the  lobules.  In  the 
earlier  stages  the  affected  connective  tissue  is  abundantly  cellular,  like 
granulation  tissue,  and  the  process  of  newformation  is  evidently  similar 
111  its  details  to  that  in  other  chronic  inflammations  (see  Fig.  292). 
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As  a  general  rule  the  new-formed  tissue  undergoes  development  mto 
dense  connective  tissue  which  has  a  tendency  to  shrink.  By  its  shrink- 
ing it  causes  Atrophy  of  the  proper  hepatic  tissue.  As  the  cirrhosis 
is  usually  multilobular  the  contracting  tissue  isolates  groups  of  lobules 
of  larger  or  smaller  size,  and  these,  consisting  of  soft  tissue,  stand  out 
somewhat  when  the  liver  is  divided,  or  present  themselves  prominently 
at  the  surface.  There  are  thus  areas  of  remaining  hepatic  tissue  which 
are  being  gradually  encroached  on  by  the  connective  tissue.  The 
atrophy  of  the  hepatic  tissue  takes  place  by  the  supply  of  blood  being 
cut  off.  By  the  contraction  of  the  new-formed  tissue  the  portal  vessels, 
and  especially  the  interlobular  branches,  are  narrowed.  The  hepatic 
artery  is  not  much  affected  by  the  contracting  tissue.  Indeed,  as  the 
hepatic  artery  supplies  the  active  connective  tissue  there  is  a  new- 
formation  of  capillary  blood-vessels  in  connection  mth  its  terminal 
branches.  Injected  preparations  show  that  the  hepatic  artery  is 
pervious,  and  that  the  new-formed  connective  tissue  is  highly  vascular. 


Fig.  203.— Cirrhosis  of  livor  in  au  advanced  stage,  shown  with  a  very  low  power.  There  are 
great  areas  of  iibrous  connective  tissue,  in  the  midst  of  wliicli  .are  ishuids  of  heiiatic  tissue  havnig 
an  opaque  appearance  from  tlie  presence  of  fat  in  the  cells.  20. 


The  destruction  of  the  hepatic  cells  takes  place  to  a  large  extent  by 
fatty  degeneration,  and  one  can  often  see,  in  the  midst  of  connective 
tissue,  islands  representing  hepatic  tissue  consisting  of  little  more  than 
collections  of  oil  drops  (see  Fig.  293).    The  hepatic  tissue  is  also  com- 
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iHonly  stained  with  bile  pigment  of  a  yelloAv  or  brown  colour,  and  this 
we  may  associate  with  obstruction  of  the  bile  ducts  by  the  contracting 
connective  tissue.  For  the  most  part  the  pigment  is  biliary,  but  it  is 
also  to  some  extent  blood  jjigment  arising  from  the  obstruction  to  the 
circulation.  The  connective  tissue  is  also  commonly  stained,  and  to  the 
naked  eye  the  cut  surface  has  a  yellow  colour,  sometimes  with  here  and 
there  quite  an  orange  tint.  The  name  of  the  disease,  cirrhosis,  was 
originally  applied  from  the  colour  of  the  altered  organ. 

A  prominent  feature  in  microscopic  examination  in  many  cases  is  the 
presence  of  narrow  elongated  canals,  lined  with  epithelium,  which  are 
usually  described  as  Capillary  bile  ducts.  They  are  present  in  the  midst 
of  the  connective  tissue,  sometimes  very  abundantly,  and  as  no  such  ducts 
exist  there  normally,  they  are  in  a  certain  sense  new-formed.  By  some 
authors  (especially  Charcot  and  Gombault)  they  are  regarded  as  entirely 
new-formed,  and  their  existence  is  taken  as  characteristic  of  a  special 
form  of  cirrhosis.  They  are,  hoAvever,  to  be  found  in  all  forms  of 
cirrhosis,  and  they  are  probably  to  be  regarded  as  the  biliary  capillaries, 
which  have  survived  the  destruction  of  the  hepatic  tissue.  The  larger 
bile  ducts,  which  run  in  the  cajjsule  of  Glisson,  arc  unaltered,  not  being 
apparently  affected  by  the  shrinking  connective  tissue. 

In  its  macroscopic  appearances  the  liver  varies  considerably.  In  the 
earlier  stages  it  is  enlarged,  but  as  a  result  of  the  changes  detailed  above 
it  undergoes  atrophy  and  distortion.  The  connective  tissue  contracts,  and 
as  it  is  irregularly  distributed  the  contraction  is  irregular.  The  surface 
of  the  organ  presents  larger  or  smaller  projections  consisting  of  the  less 
affected  hepatic  tissue  between  the  cicatricial  depressions.  These  pro- 
jections may  be  comparatively  large,  forming  the  Hob-nail  appearance 
of  the  surface,  or  they  may  be  smaller,  giving  a  g'enerally  granular 
appearance.  They  are  usually  yellow  or  brown  and  opaque,  being  fatty 
and  stained  with  pigment.  Sometimes  there  is  special  shrinking  of  the 
left  lobe,  and  generally  there  is  dragging  in  of  the  edges,  so  that  the  Hver 
assumes  more  of  a  compacted  form,  being  perhaps  even  thicker  than 
usual,  but  reduced  in  superficies.  It  is  dense  to  the  feeling,  and  more 
tough  to  cut  than  normal.  On  the  cut  surface  it  may  be  possible  with 
the  naked  eye  to  make  out  the  grey  connective  tissue,  with  islands  of 
opaque  or  pigmented  hepatic  tissue  in  it. 

The  terms  Biliary  cirrhosis  and  Hypertrophic  cirrhosis  are  in  frequent  use,  especially 
in  French  medical  literature.  The  foimer  of  these  was  used  by  Charcot  to  indicate 
the  mode  of  origin  of  the  affection,  the  expression  indicating  that  the  irritation  ex- 
tended from  the  bile  ducts.  This  form  was  distinguished  iu  its  causation  from  the 
hfcmatogenous  or  venous,  in  which  the  irritation  extended  from  the  blood-vessels. 
The  biUary  form  arises  in  connection  with  obstruction  and  inflammation  of  the  bile 
ducts.    In  this  form  there  are,  according  to  Charcot  and  Gonil)ault,  two  distinctive 
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features,  namely,  (1)  that  the  newformation  of  connective  tissue  exists  somewhat 
uniformly,  so  that  the  individual  lobules  are  surrounded  by  it — the  so-called  Mono- 
lobular  cirrhosis ;  and  (2)  that  the  capillary  ducts  already  referred  to  are  visible.  To 
this  last  condition  great  importance  has  been  attached. 

Hjrpertrophic  cirrhosis  is  a  name  given  by  another  French  author,  Hanot,  and  it 
applies  to  the  same  class  of  cases.  The  biliary  monolobular  cirrhosis  is  characterized 
by  hypertrophy  of  the  liver. 

It  is  to  be  acknowledged  as  a  result  of  experiment  that  obstruction  and  inflamma- 
tion of  the  bile  ducts  may  lead  to  increase  of  the  connective  tissue,  but  further 
observation  fails  to  confirm  the  view  that  a  special  form  can  be  distinguished  under 
the  name  biliary,  or  hyperiroishic,  or  monolobular  cirrhosis. 

The  ordinary  alcoholic  cirrhosis  in  its  early  stage  may  show  considerable  hyper- 
trophy, the  newformation  may  be  monolobular  in  its  distribution,  and  there  may  be 
the  most  marked  newformation  of  capillary  ducts. 

The  author  is  able  to  refer  to  a  case  which  he  examined  post  mortem.  It  was 
carefully  watched  for  six  weeks  during  life  by  Professor  Gairdner.  When  first 
observed  there  was  great  enlargement  of  the  liver  and  there  was  reason  to  beUeve  that 
it  had  been  greater.  The  patient  had  been  addicted  to  alcohol  for  over  two  years.  There 
were  haemorrhages  from  stomach  and  bowels,  and  marked  ascites,  but  little  or  no 
jaundice.  After  death  the  liver  was  found  small,  weighing  43  oz.,  and  finely  granu- 
lar on  the  surface.  There  was  a  great  excess  of  connective  tissue,  which  presented 
many  round  and  spindle-shaped  cells,  and  was  monolobular  in  its  distribution.  The 
hepatic  cells  contained  abundant  fat  in  small  and  large  drops.  In  this  case  the 
cirrhosis,  although  monolobular  and  at  one  period  hypertrophic,  was  not  connected 
with  obstruction  of  the  bile  ducts. 

Outside  the  liver  the  principal  changes  depend  on  Obstruction  of  the 
portal  circulation.  The  connective  tissue  narrows  the  poi'tal  vessels  in 
the  liver,  and  this  leads  to  a  chronic  passive  hyper^emia  in  all  the  radicles 
of  this  vein,  in  the  peritoneum,  in  the  mucous  membrane  of  the  stomach 
and  intestine,  in  the  spleen,  and  so  on.  The  most  frequent  consequence 
is  ascites,  but  we  also  meet  with  haemorrhages  from  the  mucous  mem- 
branes, especially  of  the  stomach  and  large  intestine,  as  well  as  catarrh  of 
these.  The  spleen  is  also  enlarged.  Occasionally  thrombosis  of  the 
hepatic  vein  results,  and  this  may  extend  to  the  vena  cava.  A  A^ery 
large  hsemorrhagic  infarction  of  the  lung  was  observed  by  the  author  as 
a  result  of  embolism  from  a  softened  thrombus  of  this  kind. 

The  obstruction  of  the  portal  vein  often  leads  to  wadening  of  the 
venoixs  channels  which  form  communications  lietween  the  portal  radicles 
and  the  Systemic  veins.  In  this  way  wc  maj'^  have  great  dilatation  of 
the  internal  hsemorrhoidal  veins  (leading  to  piles)  and  of  the  liypogastric. 
The  cutaneous  branches  of  the  latter  often  stand  out  prominently  on  the 
abdominal  wall.  The  hsemorrhoidal  veins  also  commuin'cate  with  the 
vesical,  and  these  latter  may  undergo  dilatation.  There  may  also  be 
widening  of  commimications  with  the  veins  of  the  diaphragm  and 
oesophagus,  which  have  sometimes  been  found  highly  varicose.  Another 
channel  occasionally  mot  with  is  a  small  vein  which  runs  from  the  portal 
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vein  to  the  umbilicus.  In  some  cases  this  is  so  much  enlarged  as  to 
approach  the  size  of  the  portal  vein  itself. 

The  patient  generally  dies  from  the  disorders  due  to  the  continuous 
passive  hyperiemia — the  persistent  catarrh  of  the  alimentary  canal,  per- 
haps with  haemorrhages,  the  ascites,  etc.  There  is  great  emaciation  and 
sometimes  icterus.  It  is  not  clear  that  the  mere  loss  of  the  function  of 
the  liver  bears  an  important  part  in  the  fatal  result. 

3.  Perihepatitis. —  This  condition  is  an  inflammation  of  the  capsule 
of  the  liver,  and  it  is  always  secondary  to  some  other  lesion.  A  chronic 
pleurisy  of  the  right  side  often  extends  through  the  diaphragm,  and 
causes  inflammation  of  the  subjacent  peritoneum,  including  the  under 
surface  of  diaphragm  and  ujajDer  STirface  of  liver,  so  that  firm  adhesion  is 
the  result.  This  is  often  the  case  in  phthisis  pulmonalis.  A  general 
chronic  or  acute  peritonitis  usually  involves  the  capsule  of  the  liver  as 
well  as  other  parts  of  the  peritoneum.  Sometimes  cirrhosis  or  syphilitic 
disease  of  the  liver  extends  to  the  capsule. 

The  inflammation  is  in  most  cases  chronic,  and  results  in  a  thickening 
of  the  capsule.  Sometimes  there  are  shaggy  papilliform  projections 
from  the  capsule,  and  there  is  frequently  adhesion  to  the  parts  around, 
especially  to  the  diaphragm.  The  thickened  capsule  undergoes  contrac- 
tion like  the  new-formed  connective  tissue  in  other  inflammations,  and 
tlie  result  frequently  is  considerable  deformity  of  the  liver.  The  cap- 
sule contracting  all  round  the  liver  doubles  in  its  anterior  edge,  causing 
the  organ  to  assume  an  approach  to  the  globular  shape.  The  contraction 
causes  also  atrophy  of  the  liver  tissue,  and  seriously  interferes  with  the 
circulation  in  the  organ. 

Literature. — S^ippurativeivflammalions — ^Fbebichs.I.c;  Mtjhchison,1.c.;Btjcki/Ing, 
36  Fiille  V.  Leberabscess.,  1868;  Klebis,  Handb.,  ii.;  Budd,  Dis.  of  liver,  2nd  ed., 
1852 ;  Dickinson,  Path,  trans.,  xxxii.,  1881 ;  Faybeb,  Tropical  dysentery  and  diarrhoea, 
liver  abscess,  etc.,  1881;  Finlayson,  (with  literature)  Glas.  Med.  Jour.,  v.,  1873. 
Cirrhosis — Budd,  FnEnicHS,  etc.,  1.  c. ;  Liebekmeisteb,  Beitriige  z.  path.  Anat.  u, 
KHnik.  der  Leberkrankheiten ;  Charcot,  Lemons  sur  les  malad.  du  foie,  1877  ;  Hanot, 
Cirrhose  hypertrophique  avec  ict^re.,  1876;  Saundby,  Path  trans.,  xxx.,  1879;  Legg, 
(Expers.  by  ligature  of  bile  duct)  St.  Barth.  Hosp.  Eep.,  ix.,  1873 ;  Osleb,  Med. 
Times  and  Gazette,  1881;  Dbeschfeld,  Jour,  of  Anat.  and  Phys.,  xv.;  Bbiegeb, 
Virch.  Arch.,  Ixxv.,  1879 ;  Kronig,  (Cirrhosis  from  phosphorus-poisoning)  Virch. 
Arch.,  ex.,  1887. 

VI.— SYPHILIS  AND  TUBERCULOSIS  OF  THE  LIVER. 

1.  Syphilis. — The  changes  in  the  liver  in  syphilis  are  very  marked, 
and  somewhat  frequent.  It  manifests  itself  for  the  most  part  as  an  in- 
durative interstitial  inflammation,  with  or  without  the  formation  of 
gummata.    There  may  be  a  Cirrhosis  indistinguishable  from  the  ordin- 
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;iry  forms  of  this  disease,  and  only  judged  to  be  syphilitic  from  other 
circumstances.  Sometimes  in  the  midst  of  the  general  newformation  of 
connective  tissue  there  ai'e  numerous  Small  gummata  about  the  size  of 
peas,  distinguished  especially  by  their  caseous  condition. 

For  the  moat  part,  however,  the  disease  is  localized.  To  the  naked 
eye  the  liver  is  seen  to  present  one  or  several  Cicatrices  which  often 
make  deep  indentations  in  its  surface.  These  cicatrices  are  most  fre- 
quent in  the  neighbourhood  of  the  suspensory  ligament.  On  cutting 
into  the  middle  of  the  cicatrix  a  Gumma  is  usually  divided  -with  its 
central  part  caseous.    The  periphery  of  the  gumma  is  not  distinctly  de- 


Pig.  294. — Gumma  of  liver,  re,  Normal  hepatic  lobules ;  h,  receut  tissue  of  gumma  with 
(JiliitoU  blood-vessels  ;  c,  caseous  part  of  gumma ;  tl,  d,  il,  counectivo  tissue  outside  giunma 
o.'ctoudiiig-  iuto  the  hepatic  tissue,    x  1(3. 


marcatod  from  the  surrounding  connective  tissue  which  extends  out- 
wards into  the  hepatic  tissue.  Other  guminata  may  be  found  more  deeply 
ill  the  liver  tissue,  and  these  also  are  surrounded  by  cicatricial  tissue. 
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The  cicatrix  is  composed  of  fibrous  tissue,  and  tlie  gumma  itself 
irequently  presents  irregular  strands  of  connective  tissue,  but  giving 
place  to  round-cell  tissue.  The  central  caseous  portion  contains  merely 
granular  debris  (see  Fig.  294).  Sometimes  at  the  periphery  of  the 
gumma  there  is  great  dilatation  of  blood-vessels,  giving  almost  a  caver- 
nous appearance. 

When  there  are  a  considerable  number  of  gummata,  the  cirrhosis  may 
be  nearly  continuous,  but  with  special  cicatricial  contractions  at  intervals 
corresponding  to  the  gummata.  The  liver  in  this  way  may  assume  a 
very  striking  appearance,  as  if  subdivided  into  manifold  small  lobes.  Be 
the  cicatrices  large  or  small  in  number,  the  lobed  and  subdivided  con- 
dition is  characteristic  of  the  syphilitic  liver. 

The  liver  is  sometimes  found  affected  in  infants  who  are  the  subjects 
of  Congenital  syphilis.  It  may  be  a  general  induration  forming  a 
cirrhosis,  usually  of  the  Hypertrophic  form,  with  perhaps  numerous 
-mall  gummata;  or  the  induration  may  be  more  localized,  but  never  with 
that  cicatricial  condition  which  we  find  in  acquired  syphilis.  The  con- 
nective tissue  formation  in  this  case  does  not  confine  itself  to  the  neigh- 
boiu'hood  of  the  portal  vessels,  but  extends  into  the  lobules,  so  that 
between  the  cells  and  around  the  capillaries  there  is  connective  tissue, 
forming  the  so-called  Monocellular  cirrhosis  of  Charcot. 

2.  Tuberculosis. — Secondary  tuberculosis  of  the  liver  is  very  fre- 
■i[uent,  while  primary  tuberculosis  is  exceedingly  rare.  In  all  forms  of  local 
tuberculosis  as  well  as  in  acute  general  tuberculosis,  tubercles  are  found 
in  the  liver.  Hence  the  liver  is  probably  more  frequently  the  seat  of 
tubercles  than  any  other  organ. 

Primary  tuberculosis,  in  the  few  cases  which  have  been  recorded, 
was  in  the  form  of  solitary  tubercles  like  those  in  the  brain.  In 
one  recorded  case  the  mass  reached  the  size  of  the  fist. 

In  Secondary  tuberculosis  the  bacilli  reach  the  liver  by  the  blood, 
having  been  carried  from  the  lungs,  the  bones,  the  intestines,  or  else- 
where. In  ordinary  local  tuberculosis  of  these  various  organs  a  few  bacilli 
reach  the  liver  at  intervals,  and  the  conditions  of  the  circulation  allow  of 
.  their  settlement.  The  resulting  tubercles  are  so  small  as  to  be  scarcely 
visible  to  the  naked  eye.  Even  with  the  microscope  search  has  to  be  made 
for  them  as  they  are  usually  comparatively  few  in  number.  If  the  liver 
is  fatty,  as  is  often  the  case  in  phthisis  pulmonalis,  the  tubercles  may  be 
obscured  by  the  fat.  In  this  class  of  cases  the  tubercles  are  in  various 
■stages,  most  of  them  old  and  degenerated  in  their  central  parts.  While 
tuberculosis  is  thus  frequent,  the  tubercular  growth  scarcely  ever 
■attains  large  dimensions. 

In  acute  miliary  tuberculosis  the  bacilli  are  abundant  in  the  blood 
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and  the  tubercles  in  the  liver  are  very  numerous,  although  still  so  small 

as  to  be  'with  difRcultv 


seen  with  the  naked  eye. 
The  tubercles  here  are 
usually  found  in  an 
early  stage  and  they 
l^resent  the  tyj^ica! 
structure,  the  giant-cells 
iDeing  generall}'-  very 
Ijrominent  (see  Fig. 
295). 

A  very  rare  form  is 
Tuberculosis  of  the  bile 
ducts.  It  occurs  in  the 
form  of  large  caseous 
nodules  with  cavities  in 
the  centres  which  are 
filled  "vvith  softened 
matter  coloured  with  bile.  The  Avail  of  the  cavities  shows  tubercles. 
It  is  possible  that  in  this  form  the  extension  may  be  by  the  lymphatics 
from  the  jDorta  of  the  liver. 

Besides  syphilis  and  tuberculosis  we  have  Glanders  manifesting  itself 
in  the  liver,  especially  in  horses.  The  nodules  are  moderate  in  size 
and  tend  to  calcify.  Leprosy  produces  nodules  in  the  connective 
tissue.  There  are  also  newformations  occasional!}'  in  typhoid  fever 
and  diphtheria. 

Literature.— %jA«7w.— Lang,  (with  literature)  Vorles.  d.  Syph.,  1885 ;  Bausileh. 
in  Ziemssen's  Cycl.,  iii.,  1875;  Biech-Hibschfeld,  (Hereditary  syph.)  Aich.  d. 
Heilk.,  xvi.;  Moxon,  Path,  trans.,  xxiii.,  1872;  Hdtchinson,  Syphilis,  1887. 
Tuberndosiis—SiMMoms,  Deutseh.  Arch.  f.  klin.  Med.,  xxvii.,  1880  ;  Aknoljj,  Virch. 
Arch.,  Ixxxii.,  1880;  Oeth,  ibid.,  Ixvi.,  187(5. 


Pig.  295.-  Tubercle  of  liver  from  ii  case  of  acute  miliary 
tuberculosis.  The  tubercle  is  of  a  rounded  fonn,  and  presents 
chiefly  round  cells  with  three  giant-cells  iu  the  midst  of  these. 
X  75. 


VII.— TUMOUES  AND  PAEASITES  OF  THE  LIVEB. 

Cavernous  angioma  of  the  liver  is  the  commonest  form  of  primary 
tumour.  Its  structure  has  already  been  described  (see  p.  243  and  Fig. 
77).  It  develops  apparently  by  dilatation  of  the  existing  capillaries 
and  atrophy  of  the  intervening  hepatic  cells,  so  that  the  tumour  replaces 
a  certain  portion  of  hepatic  tissue.  When  seated  immediately  under 
the  capsule  the  tumours  are  visible  as  red  blotches,  and  on  section  they 
have  a  red  colour  and  colla]3scd  appearance,  and  usually  it  is  only  after 
the  blood  is  Avashed  out  that  the  white  trabecid.T  become  visible.  The 
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tumours  present  great  varieties  of  size  and  may  be  as  large  as 
the  fist. 

A  case  has  been  described  by  Ziegler  of  multiple  Fibroneuroma  in 
the  liver  on  the  fibres  of  the  sympathetic,  there  being  similar  tiunours 
on  the  various  nerves  of  the  body  except  the  olfactory  and  optic. 

Cysts  are  not  infrequent  in  the  liver,  and  they  may  be  multiple.  It 
is  curious  that  multiple  cysts  of  the  kidneys  and  liver  frequently 
co-exist,  both  forms  being  probably  of  congenital  origin. 

In  Leukaemia  the  liver  is  very  frequently  the  seat  of  newformations. 
This  may  take  the  form  of  a  general  infiltration  of  the  interstitial  con- 
nective tissue,  but  it  often  occurs  as  individual  small  nodules,  somewhat 
resembling  miliary  tubercles  but  without  the  presence  of  giant-cells  or 
any  tendency  to  caseation.  The  round  cells  which  form  the  nodules 
have  been  observed  to  show  evidences  of  karyomitosis.  The  capillaries 
are  commonly  filled  with  leucocytes  and  the  liver  as  a  whole  is  much 
enlarged.  Similar  conditions  are  observed  sometimes  in  Hodgkin's 
disease. 

Concerning  Adenoma  of  the  liver  there  is  considerable  variety  in 
statement  and  opinion,  mainly  because,  on  the  one  hand,  this  form  of 
tumour  is  rare,  and,  on  the  other,  there  are  tumours  concerning  which  it 
is  difficult  to  say  whether  they  should  be  called  cancers  or  adenomas. 
The  form  designated  Nodular  hyperplasia  is  clearly  an  adenoma,  and 
the  name  may  with  convenience  be  confined  to  this  form,  as  the  other 
so-called  adenomas  have  more  the  habit  of  cancers.  It  occurs  as  solitary 
or  multiple  tumours  which,  while  perfectly  defined,  have  the  same 
structure  as  the  proper  hepatic  tissue,  the  cells  being  usually  larger  and 
some  having  double  nuclei.  If  single  the  tumour  may  reach  the  size  of 
a  cherry  or  larger ;  if  multiple  they  are  smaller.  The  larger  ones  are 
sometimes  surrounded  by  a  connective  tissue  capsule.  These  tumours 
are  of  no  practical  consequence  and  are  met  with  accidentally.  They 
are  not  uncommon  in  the  liver  of  the  dog. 

Primary  cancer. — This  form  of  tumour  is  infrequent  compared  with 
secondary  cancer,  but  in  itself  is  not  very  uncommon.  It  occurs  some- 
times as  a  massive  tumour  involving  a  large  jiart  of  the  liver,  but  in 
addition  to  this  large  tumour  there  are  frequently  numerous  secondary 
ones  in  the  liver  substance.  In  some  cases  the  growth  seems  to  arise  from 
the  bile  ducts  at  the  porta  of  the  liver,  and  to  extend  into  the  substance 
of  the  organ.  In  regard  to  structure  several  forms  have  been  dis- 
tinguished of  which  the  principal  are  these  :— 

Cylinder-celled  epithelioma  is  a  rare  form  of  tumour  in  the  liver ; 
It  is  sometimes  described  under  the  name  of  tubular  Jidenoma.  In 
Its  structure  it  closely  resemljles  the  similar  tumours  of  the  stomach 
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and  rectum,  consisting  of  tubular  gland-like  processes  with  cylindrical 
epithelium.  As  is  usual  with  this  class  of  tumours  the  cells  in  many  oi 
the  alveoli  are  variously  shaped  and  the  typical  structure  is  visible  at 
the  growing  margins.  There  may  be  several  tumours  or  one  large  one. 
The  structure  of  the  tumour  suggests  an  origin  from  the  hepatic  ducts, 
but  according  to  Eindflcisch  the  gland  processes  arise  from  the  hepati( 
cells  inside  the  lobules.  This  form  of  tumour  is  not  usually  malignant, 
but  in  a  case  recorded  by  Greenfield  secondary  extension  to  a  lym 
phatic  gland  and  to  the  lungs  had  occurred. 

The  primary  cancer  in  the  liver  has  more  frequently  the  structure  of 
Ordinary  cancer,  Avhich  sometimes  has  the  dense  characters  of  Scirrhus. 
It  may  involve  a  considerable  portion  of  the  liver,  perhaps  the  whoL 
left  lobe,  and  by  shrinldng  reduce  it  to  small  dimensions.  In  structure 
the  tumour  presents  the  ordinary  characters.  At  the  marginal  parts  it 
may  be  seen  sending  processes  into  the  hepatic  capillaries  and  into  the 
branches  of  the  portal  and  hepatic  veins. 

There  are  also  cases  of  so-called  Infiltrated  or  Diffuse  cancer  in  which 
the  whole  liver  is  affected.  The  organ  is  enlarged  and  granular  on  the  | 
surface,  resembling  the  appearances  in  cirrhosis.  There  is  here  also  ;i 
great  increase  of  connective  tissue,  but  in  its  meshes  there  is  cancerous 
and  not  liver  tissue.  This  form  is  sometimes  called  Cirrhosis  carcino- 
matosa.  It  is  as  if  there  had  been  a  great  transformation  or  replace 
ment  of  the  liver  tissue  by  cancer. 

Lastly  there  is  the  form  in  which  the  cancer  originates  in  the  larger 
ducts  and  extends  along  the  capsule  of  Glisson.  The  radiating  appear 
ance  of  the  newformation  is  visible  in  this  form,  and  there  is  also  ob- 
struction of  the  ducts  with  retention  of  the  bile  and  icterus. 

Secondary  cancer. — This  is  of  very  frequent  occurrence  in  the  liver.i 
There  may  be  a  direct  extension  of  a  cancer  from  the  gall-bladder  or  the: 
stomach.  In  the  latter  case  the  organ  becomes  adherent  and  the  cancer' 
grows  into  the  liver.  Thei'e  may  thus  be  a  large  tumour,  sometimes: 
with  a  cavity  communicating  with  an  ulcerated  surface  in  the  stomach.: 

Metastatic  cancer  is  more  frequent.  The  primary  tumour  is  usually 
in  the  stomach  or  intestine,  but  it  may  be  in  the  oesophagus,  uterus,i 
mamma,  or  elsewhere.  In  most  cases  the  cancer  extends  to  the  liver  by' 
the  portal  vessels  (see  further  on  as  to  Extension  of  Cancers  in  the  Ab-I 
domen),  but  it  may  also  occur  by  the  hepatic  artery  in  cases  of  cancer! 
of  the  mamma  and  other  external  parts. 

As  the  cancer  is  sown  in  every  part  of  the  liver,  the  consequence  isi 
the  development  of  numerous  tumoiu's  which  maj^  be  found  in  all  stagesi 
of  growth.  It  is  usual  to  find  a  large  number  of  isolated  tumours  ofi 
circular  form  and  pale  colour  (see  Fig.  296).    They  are  seated  in  thoi 
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liver  tissue,  but  those  near  the  svu'face  produce  rounded  elevations  which 
can  often  be  felt  through 
the  abdominal  parietcs 
during  life.  Even  to  the 
naked  eye  the  tumours 
show  evidences  of  fatty 
degeneration  in  the  ap- 
pearance of  an  opaque 
yellow  coloration.  The 
absor2:)tion  of  the  degen- 
erated cells  is  also  indi- 
cated by  the  partial  con- 
traction of  the  larger 
tumours  in  their  central 
parts,  producing  in  the 
superficial  ones  a  dim- 
pHng  or  Umbilication  of 


Fig-.  296. — Piece  of  liver  with  secondary  cancerous  tumours 
■"  it.    A  larger  one,  a,  is  viewed  from  the  surface.  Another 
■ge  one,  6,  in  section.  There  are  several  smaller  tumours,  c,  c. 


the  rounded  projections.  }arj 
The  liver,  as  a  whole,     ^ bi  section.  (Virchow.) 

is  sometimes  enormously  enlarged,  weighing  not  infrequently  as  much 
as  ten  or  twelve  jjounds. 

In  some  cases  the  newformation  is  not  so  much  in  the  form  of  in- 
dividual tumours  as  a  general  Cancerous  infiltration,  as  if  almost 
throughout  the  liver  a  simultaneous  development  had  occurred,  and  the 
cancerous  tissue  had  grown  vigorously,  disjolacing  the  proper  hepatic 
tissue. 

In  structure  the  tumours  follow  the  primary  ones.  For  the  most 
part  it  is  soft  cancers  of  the  stomach  that  form  the  original  tumours,, 
and  we  have  a  well-formed  stroma  with  irregular  masses  of  epithelial 
cells.  But  sometimes  the  primary  tumour  is  an  epithelioma,  and  in 
that  case  the  tumours  in  the  liver  are  usually  fewer  in  number,  firmer 
and  more  distinctly  defined.  When  the  primary  tumour  is  in  the 
oesophagus  the  stnicture  may  be  that  of  the  Flat-celled  epithelioma 
with  regidar  laminated  capsules.  When  the  primary  tumour  is  in  such 
a  position  that  the  cancer  reaches  the  liver  by  the  hepatic  artery,  the 
tumours  are  usually  smaller  in  size  and  the  liver  not  so  much  enlarged. 
This  was  at  least  very  strikingly  true  in  a  case  seen  by  the  author, 
where  the  primary  tumour  was  in  the  mamma. 

The  cancerous  material  as  it  is  brought  by  the  blood  frequently  de- 
velops inside  the  vessels,  and  particularly  in  the  portal  veins  and  the 
capillaries.  The  growing  tumours  cause  atrophy  of  the  proper  hepatic 
tissue.    The  hepatic  cells  are  often  to  be  seen  iit  the  perij)heral  parts  of 
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the  tumours  ;irrauged  in  concentric  layers  as  the  pressure  is  exercised, 
and  in  various  stages  of  atrophy. 

The  numerous  developing  tumours  press  on  the  bile  ducts  and  obstruct  i 
them,  and  this  occurs  all  the  more  as  the  growths  arise  by  embolism  of  • 
the  portal  vessels,  and  are,  in  the  first  place,  related  to  them.  As  the  ducts  i 
are  in  the  immediate  neighbourhood  of  these  vessels,  they  are  liable  to  be  ( 
pressed  on  very  soon.  Hence  General  icterus  is  a  common  result,  and 
there  is  also  a  special  Pigmentation  of  the  hepatic  tissue  (see  ante). 

The  portal  vessels  suffer  obstruction,  not  only  by  the  pressure  of  the  i 
tumours,  but  as  being  the  seat  of  their  primary  growth,  and  hence  • 
Ascites  is  a  common  result. 

Sarcoma  is  of  occasional  occurrence  in  the  liver  in  the  spindle-celled 
and  pigmented  forms.  Some  cases  of  melanoid  sarcoma  have  been  de- ' 
scribed  as  primary  tumours,  but  secondary  tumours  following  melanotic ' 
sarcomas  of  the  eye  are  more  common.  The  liver  may  be  largely  occu- 
pied by  these  black  tumours,  and  greatly  enlarged.  Here  also  the. 
growth  appears  to  occur  in  the  blood-vessels  and  res^ilts  in  destruction : 
of  the  hepatic  tissue  proper. 


Parasites  of  the  liver. — These  have  already  been  somewhat  fully 

described.  The  most  important 
constitutes  the  Hydatids  of  the 
liver  arising  from  the  Tasnia 
echinococcus.  When  the  liver 
is  examined  after  death  there 
is  found  a  sac  or  sacs  of  verj"^ 
various  size,  up  to  that  of  a 
man's  head.  The  larger  ones 
produce  necessarily  great  en- 
laro-ement  of  the  liver  as  a 
whole,  and  atrophy  of  the 
hepatic  tissue  around  them. 
They  present  first  a  connective 
tissue  capsule,  inside  which  the 
proper  wall  of  the  cyst  appears. 
As  the  vesicles  are  sometimes 
much  broken  down,  and  it  may 
even  be  difficult  to  find  hook- 
lets,  it  is  important  to  remember 
that  the  proper  cuticula  of  the  cyst  is  lamellated  (Fig.  134,  p.  334). 
The  multilocular  and  exogenous  forms  of  hydatids  are  to  be  remem- 
bered the  former  resembling  colloid  cancer  in  its  general  appearance. 


Fig.  297.— Portion  of  liver  witli  collapsed  hydatid 
cyst.    Natural  size. 
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It  is  not  uncommon  to  meet  with  the  remains  of  a  dead  echinoeoecus  in  tlie  liver. 
It  shows  a  capsule  which  contains  an  indefinite  debris  in  which  pieces  of  the  chiti- 
nous  membrane  are  visible  (Fig  297).  There  may  be  several  such  lesions  present. 
In  a  case  of  this  kind  the  author  found  in  one  of  the  cysts  along  with  calcareous  in- 
filtration a  production  of  true  bone  in  the  wall  of  a  small  collapsed  cyst. 


The  Distoma  hepaticum,  sinense,  and  lanceolatum  occur  in  the  bile 
.  ducts,  the  Distoma  haematobium  in  the  ^jortal  vessels.  The  Pentas- 
■  toma  denticulatum  also  occurs  in  the  liver. 

Literature. — .Nodula)-  hyperplattia — Friedreich,  Virch.  Arch.,  xxxiii.,  1865  ;  Hoff- 
:  jUNN,  ibid.,  xxxix.,  1867;  Sabodrin,  Eev.  de  mdd.,  1884;  Simmonds,  Deutsch.  Arch. 
:  f.  khn.  Med.,  xxxiv.,  1886;  Greenish,  Wien.  Med.  .Jahresb.,  1882.    Primary  cancer 
— ErNDFLEiscH,  Path.  Hist.  (Syd.  Soc),  1872-73 ;  Greenfield,  Path,  trans.,  xxv., 
!  1874;  Mahomed,  ibid.,  xxviii.,  1877 ;  Whipham,  ibid.,  xxii.,  1871 ;  P.iUL,  ibid.,  xxxvi., 
1885 ;  Waldeyer,  Virch.  Arch.,  Iv.,  1872  ;  Perls,  (Cirrhosis  carcinomatosa)  ibid., 
Ivi.,  1882;  Dreschfeld,  (ibid.)  Jour,  of  anat.  and  phys.,  xiv.,  1880;  Weigeet,  ibid., 
Ixvii.,  1876;  Hilton  Fagge,  Path,  trans.,  xxviii.,  1877;  Pye  Smith,  ibid.,  xxxi.,  1880; 
!  Hanoi  et  Gilbert,  Etudes  sm-  les  malad.  du  foie,  1888.    Cysts — Saboubin,  Arch,  de 
;  physiol.  norm,  et  path.,  x.,  1882,  and  Progres  med.,  1884,  No.  20  ;  Eecklinghausen, 
'  Virch.  Arch.,  Ixxxiv.,  1881. 


1.  Gall-stones. — These  are  of  very  frequent  occiirrence,  especially  in 
people  past  middle  life,  and  they  are  often  found  in  the  gall-bladder 
:  after  death  ■without  their  existence  having  been  suspected  during  life. 

The  cause  of  their  formation  is  very  obscure.  They  are  formed  in  the 
gall-bladder  by  the  deposition  of  the  constituents  of  the  bile,  chiefly 
cholestearine  and  next  to  that  bile  pigments,  but  also  lime  and  magnesia 
salts  in  varying  proportions.  Probably  stagnation  of  the  bile  in  the 
gall-bladder  at  least  predisposes  to  their  formation,  and  this  is  rendered 
the  more  probable  from  their  more  frequent  occurrence  in  old  people 
where  tlie  actions  are  sluggish.  In  the  centre  of  gall-stones  there  is 
frequently  a  nucleus  composed  of  remains  of  eiDithelium  or  mucus,  and 
it  has  been  supposed  that  catarrh  of  the  bladder  may  furnish  this 
nucleus. 

Gall-stones  occur  singly  or  in  numbers.  The  Sing-le  g-all-stones  are 
commonly  composed  almost  purely  of  cholestearine,  of  which  there  may 
be  over  98  per  cent.  They  are  oval  in  shape,  somewhat  nodulated  on 
the  surface,  and  have  a  glistening  appearance,  altogether  not  unlike  that 
of  a  sugar  plum.  When  divided  or  broken  they  present  a  characteristic 
radiating  appearance  from  the  centre,  and  also  sometimes  a  concentric 
stratification.  The  stone  is  very  light  in  weight,  floats  in  water,  and 
has  a  soft  almost  soapy  feeling. 


B. — The  Bile-ducts  and  Gall-bladder. 
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Multiple  gall-stones  are  more  frequent,  and  although  sometimes, 
nearly  pure,  thej^^  are  more  frequently  composed  of  cholestearine  mixed 
with  bile  pigment  and  lime  salts.  There  may  be  two  or  three,  but 
they  may  be  present  in  large  numbers,  fifty,  a  hundred,  or  several 
hundreds  or  thousands  (as  many  as  7800  have  been  counted).  If 
few  they  may  be  comparatively  large,  but  if  numerous  they  are  small, 
the  bladder  sometimes  having  the  appearance  of  a  bag  filled  with  peas. 
The  multiple  stones  are  always  facetted,  talcing  their  shape  according 
as  there  is  room,  and  fitting  into  each  other.  In  appearance  they  have 
been  compared  to  the  macerated  carpal  bones,  having  somewhat  similar 
facets,  and  often  presenting  a  similar  greyish  colour,  although  some- 
times yellow,  brown,  or  even  black.  They  are  very  light  in  weight, 
and  on  section  present  little  of  the  glistening  appearance  or  radiating 
arrangements  of  the  single  ones,  being  rather  stratified,  more  deeply 
pigmented  strata  alternating  with  less. 

Gall-stones  composed  almost  entirely  of  bile-pigment  arc  very  rare. 
They  are  small,  nodulated,  and  nearly  black,  and  occur  in  considerable 
numbers  at  a  time.  Stones  composed  mainly  of  Lime  salts,  especially 
the  carbonate,  are  still  more  rare. 

The  calculi  may  remain  long  in  the  gall-bladder,  which  may  be 
found  full  of  them,  and  with  no  bile  in  it.  Its  mucous  membrane 
may  be  inflamed,  and  the  calculi  surrounded  by  an  abundant  mucous 
secretion. 

Gall-stones  frequently  leave  the  bladder  and  pass  into  the  cystic  duct, 
where  they  may  remain  for  a  time  and  cause  obstruction.  After  a  time 
they  often  pass  on  into  the  ductus  choledochus.  The  last  part  of  this 
duct  is  narrow,  and,  if  the  stone  is  of  any  considerable  size,  it  usually 
sticks  here,  at  least  for  a  time.  By  dilating  the  duct  it  may  get  into 
the  duodenum,  but  very  commonly  it  finds  its  way  through  hy  ulcera- 
tion, and  sometimes  it  ulcerates  into  the  peritoneum,  producing  peri- 
tonitis. Lying  at  the  mouth  of  the  ductus  communis  it  obstructs  the 
outflow  of  bile  and  produces  the  results  to  be  presently  described. 
When  it  gets  into  the  duodenum  it  usually  passes  off"  with  the  faeces, 
but  if  large,  it  may  produce  Obstruction  of  the  intestine  at  some  point. 
This  is  of  rare  occurrence,  and  can  scarcely  happen  except  in  the  case  of 
large  stones,  chiefly  of  the  solitary  kind. 

2.  Obstruction  of  the  bile  ducts. — Obstruction  occurs  from  various 
causes,  of  which  one  of  the  commonest  is  Gall-stones.  Inflammation 
of  the  ducts  sometimes  produces  obstruction,  the  inflammation  being 
nearly  always  duo  to  an  extension  of  catarrh  from  the  stomach  and 
duodenum.  As  the  duct  near  the  orifice  is  narrow  a  trivial  inflamma- 
tory swelling  may  produce  an  obstruction,  which  the  bile,  possessing  a. 
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low  pressure,  is  unable  to  overcome.  Then  gall-stones  themselves  may 
produce  inflammation,  leading  to  a  more  or  less  prolonged  closure  of  the 
ducts.  We  shall  see  afterwards  that  inflammation  is  not  infrequently 
a  consequence  of  obstruction,  and  these  two  should  not  be  confounded. 
Tumours  and  Inflammations  around  the  duct  may  cause  obstruction. 
This  is  not  infrequently  the  case  with  Cancers  of  the  head  of  the 
pancreas  or  those  involving  the  lymphatic  glands  in  the  portal  region 
of  the  liver.  We  have  already  seen  that  an  obstruction  of  the  hepatic 
ducts  in  the  substance  of  the  liver  occurs  in  cancer  of  the  liver,  in 
cirrhosis,  etc. 

The  Eesults  of  obstruction  vary  according  to  the  site  of  the 
obstruction. 

If  the  Cystic  duct  alone  be  obstructed  then  the  consequence  is 
that  no  bile  can  get  into  the  gall-bladder.  In  that  case  the  bladder  may 
shrink,  and  any  mucus  in  it  dry-in  and  perhaps  afterwards  become 
chalky.  In  many  cases,  however,  there  is  an  abundant  secretion  of 
miicus,  and  the  bladder  gets  filled  with  it.  The  mucus  often  after 
a  time  gives  way  to  a  more  fluid  secretion,  and  the  bladder  may  be 
converted  into  a  thin-walled  cyst  (Hydrops  vesicae  felleas)  which  may 
be  as  large  as  the  fist,  with  clear  fluid  contents. 

When  the  gall-bladder  is  thus  cut  off  and  no  longer  available  as 
a  store  for  the  bile,  there  sometimes  occurs  a  Dilatation  of  the  larger 
bile  ducts,  so  that  the  bile  may  lie  here  instead  of  in  the  gall-bladder, 
and  pass  into  the  duodenum  during  digestion.  This  constitutes  an 
imperfect  compensation  for  the  loss  of  the  gall-bladder.  Gall-stones 
may  form  in  the  dilated  ducts. 

In  the  case  of  Obstruction  of  the  ductus  choledochus,  there  is 
stagnation  both  in  the  gall-bladder  and  in  the  whole  system  of  bile  ducts. 
The  stagnation  tells  first  on  the  gall  bladder,  which  dilates  readily  and 
stores  up  the  bile.  There  may  even  be  rupture  of  the  gall-bladder 
from  excessive  dilatation.  If  the  obstruction  be  prolonged  great 
dilatation  occurs  throughout  the  whole  system,  and  serious  changes 
frequently  result  in  the  liver  itself. 

Next  to  the  gall-bladder  the  ductus  choledochus  and  the  larger  bile 
ducts,  which  are  not  supported  by  the  firm  liver  tissue,  are  most  liable 
to  dilate.  This  dilatation  may  be  very  extreme,  these  ducts  becoming 
sometimes  as  great  in  circumference  as  the  thumb,  and  it  may  even 
go  on  to  rupture. 

Sometimes  considerable  atrophy  of  the  proper  tissue  of  the  liver 

occiirs,  and  we  have  the  smaller  bile  ducts  dilated  and  forming  numerous 

cavities  or  Cysts  throughout  the  liver. 

There  is  sometimes  even  an  Acute  inflammation  of  the  bile  ducts 
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apparently  from  decomposition  of  the  bile,  and  this  may  lead  to  Biliary 
abscesses.  This  occurs  when  the  obstruction  is  incomplete,  as  when  it 
is  produced  by  the  pressure  of  a  tumour,  and  there  is  therefore  the 
possibility  of  the  jffopagation  of  septic  decomposition  from  the 
duodenum  to  the  stagnant  bile.  There  may  be  numerous  abscesses 
filled  with  a  tenacious  bile-stained  pus. 

3.  Rupture  and  Perforation. — Eupture  of  the  gall-bladder  or  of  the 
ducts  outside  the  liver  may  occur  from  over-distension,  or  it  may  be  the 
result  of  injury.  The  rupture  takes  place  into  the  peritoneum  and  the 
bile  causes  peritonitis.  The  inflammation  is  sub-acute  causing  great 
thickening  of  the  peritoneum.  A  peculiar  appearance  is  sometimes  pro- 
duced, the  thickened  peritoneum  presenting  an  orange-coloured  surface 
from  biliary  staining. 

4.  Tumours  of  the  bile  ducts  and  gall-bladder.— Of  these  the 
most  important  are  the  Cancers.  We  sometimes  meet  with  primary 
cancer  of  the  gall-bladder  resembling  in  structure  cancer  of  the  stomach 
and  intestine.  By  extension  it  may  largely  involve  the  liver  tissue. 
We  have  already  seen  that  some  of  the  cancers  of  the  liver  probably 
take  origin  in  the  finer  bile  ducts  in  its  substance. 


C. — The  Pancreas. 

The  pancreas  has  the  structure  of  a  salivary  gland,  consisting  of 
glandular  acini  whose  ducts  communicate  with  a  main  duct  lying  in  the 
centre  of  the  gland  (Wirsung's  duct)  and  opening  into  the  duodenum 
in  common  with  the  ductus  choledochus. 

Malformations  occur  chiefly  in  the  form  of  supernumerary  or  acces- 
sory glands.  These  are  usually  situated  in  the  wall  of  the  stomach, 
duodenum,  or  jejunum.  Another  malformation  is  that  in  which  the 
pancreas  surrounds  the  duodenum. 

The  pancreas  is  occasionally  the  seat  of  Hsemorrhages  into  its  sub- 
stance {Pancreatic  apoplexy).  These  may  be  the  result  of  injuries  to 
the  abdominal  wall  or  the  consequence  of  passive  hyperemia  in  diseases 
of  the  heart,  lungs,  or  liver.  Some  cases  of  sudden  death  have  been 
recorded  by  Zenker,  Hooper,  and  Klebs,  in  Avhich  the  most  obvious 
lesion  was  haimorrhage  into  the  substance  of  this  gland.  No  cause  for 
the  h£emorrhage  has  l.ieen  apparent.  It  is  supposed  that  the  lesion 
caused  pressure  on  the  neighbouring  cceliac  plexus  and  semilunar 
ganglion  and  a  consequent  reflex  paralysis  of  the  heart,  just  as 
paralysis  of  the  heart  is  producible  by  blows  on  the  abdomen  (Goltz's 
experiment). 
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Inflammations  of  the  pancreas  are  of  various  kinds.  We  have  sup- 
purative pancreatitis  like  suppurative  parotitis,  resulting  in  abscesses ; 
also  indurative  interstitial  inflammation  with  loss  of  gland  tissue,  this 
condition  being  sometimes  of  syphilitic  origin. 

Atrophy  of  the  pancreas  is  observed  often  as  a  part  of  general 
emaciation,  but  it  has  been  found  in  a  good  many  cases  of  Diabetes 
mellitus.  It  can  hardly  be  held  that  the  destruction  of  the  function 
of  the  pancreas  is  the  cause  of  the  diabetes,  and  the  probability  is  that, 
as  Klebs  suggests,  the  primary  condition  is  disease  of  the  cceliac  plexus 
causing  vaso-motor  paralysis  (see  p.  112). 

Fatty  infiltration  of  the  pancreas  is  one  of  the  commonest  lesions 
of  this  gland.  There  is  normally  some  adipose  tissue  in  the  midst  of 
the  gland,  and  this  sometimes  undergoes  considerable  increase,  the 
proper  glandular  substance  becoming  atrophied,  and  adipose  tissue 
taking  its  place,  the  shape  and  general  ajDpearance  of  the  gland  being 
preserved.  The  condition  may  be  part  of  a  general  obesity,  or  it  may 
occur  in  old  age,  and,  in  this  latter  case,  it  may  be  presumed  that 
atrophy  of  the  glandular  tissue  is  the  first  condition,  the  adipose  tissue 
developing  afterwards,  as  in  fatty  infiltration  of  voluntary  muscle. 
Necrosis  sometimes  occurs  in  the  adipose  tissue  of  the  organ,  producing 
opaque  yellow  patches  of  a  striking  character. 

The  glandular  structure  sometimes  undergoes  Cloudy  swelling  in 
common  with  that  of  the  liver  and  other  organs  in  the  acute  fevers. 
Fatty  degeneration  is  also  met  with. 

Tuberculosis  is  not  common  in  the  pancreas,  but  we  meet  with 
caseous  masses  having  the  characters  of  a  local  tuberculosis.  More 
frequently  the  pancreas  is  involved  secondarily  in  a  tuberculosis  arising 
in  neighbouring  lymphatic  glands.  Syphilitic  Gummata  have  been  ob- 
served. 

Of  the  tumours  of  the  pancreas,  Cancer  is  by  far  the  most  impor- 
tant. It  occurs  most  frequently  in  the  head,  rarely  in  the  body  or  tail. 
It  is  mostly  a  dense  tumour  of  fibrous  appearance  (scirrhus),  but  cases 
of  soft  and  of  colloid  cancer  have  been  seen.  The  cancer  often  obstructs 
Wirsung's  duct,  or  produces  still  more  serious  results  by  obstructing 
the  ductus  communis.  It  may  even  by  its  retraction  or  by  its  promin- 
ence cause  a  partial  obstruction  of  the  duodenum.  There  may  arise 
m  this  way  considerable  disturbances  from  the  continuous  extension  of 
the  tumour.  We  may  also  have  secondary  tumours  in  the  lymphatic 
glands,  liver,  or  peritoneum. 

Cancers  of  the  stomach  or  duodenum  rarely  extend  to  the  pancreas. 
The  gland  is  perhaps  still  more  rarely  the  seat  of  secondary  metastatic 
tumours  when  the  disease  becomes  generalized. 
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The  Pancreatic  duct  (Wirsung's)  is  liable  to  certain  changes.  Con- 
cretions occur  in  it,  comparable  to  those  of  the  salivary  glands.  They 
are  mostly  round  or  oval  and  white  or  greyish  whit.e.  In  size  they  have 
been  met  with  as  large  as  a  hazel  nut  or  larger,  but  they  are  usually 
small  like  grains  of  sand.  They  are  composed  chiefly  of  carbonate  and 
phosphate  of  lime.  They  very  often  arise  in  dilated  ducts,  but  if  large 
may  cause  dilatation  by  obstructing  the  duct. 

Obstruction  and  Dilatation  of  Wirsung's  canal  may  arise,  as  Ave 
have  seen,  from  calculi,  cancers  of  the  head  of  the  pancreas,  or  from 
tumours  in  the  neighbourhood.  Dilatation  also  occurs  secondarily  to 
atrophy  of  the  gland.  The  dilated  duct  forms  a  series  of  pouches,  or 
else  there  is  a  more  definitely  localized  dilatation  so  that  actual  cysts 
are  formed.  This  latter  will  occur  when  the  orifice  is  completely 
obstructed  ;  the  cysts  may  reach  the  size  of  the  fist  or  that  of  a  child's 
head,  and  these  are  sometimes  designated  Ranula  pancreatica.  The 
contents  of  the  dilated  duct  may  be  simply  the  fluid  secretion,  but 
sometimes  there  is  thickening  of  the  contents  and  even  haemorrhage. 
In  this  way  we  may  have  coagula  causing  the  cysts  to  look  like  aneur- 
ysms, all  the  more  as  the  lining  of  the  cyst  may  become  the  seat  of 
calcareous  plates  like  the  internal  coat  of  an  artery  in  aneurysm. 

• 
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D.— The  Peritoneum. 

Introductory.— The  peritoneum,  which  is  stretched  over  so  many 
different  organs,  and  has  so  many  recesses  and  pouches,  is  very  liable 
to  be  afiected  by  diseases  having  their  source  outside  itself.  It  is  a 
large  lymph  sac,  and  fluid  is  continuously  circulating  through  it.  The 
surface  of  the  membrane  is  covered  with  endothelium,  and  there  are 
innumerable  apertures  or  stomata  by  which  it  communicates  with  lym- 
phatic vessels  beneath.  Finely  divided  solid  material  introduced  into 
the  peritoneal  cavity  is  very  readily  absorbed  and  carried  into  the 
lymphatics.  The  transudation  fluid  which  normally  passes  out  of  the 
blood-vessels  is  doubtless  absorbed  by  the  stomata  throughout  the 
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peritoneum,  but  there  are  two  localities  in  which  its  absorption  presents 
points  of  peculiar  interest. 

From  certain  facts -to  be  afterwards  referred  to  in  connection  with 
tuberculosis  and  cancer  of  the  peritoneum,  it  may  be  inferred  that  the 
Great  omentum  is  specially  concerned  in  the  process  of  absorption. 
This  double  layer  of  peritoneum,  lying  free  in  the  cavity,  may  be 
regarded  as  a  drain  by  means  of  which  the  fluid  is  drawn  off. 

Again,  the  lymphatics  of  the  Diaphrag-m  communicate,  on  the  one 
hand  with  the  peritoneal  sac  and  on  the  other  with  the  pleura,  so  that 
fluid  and  finely  divided  solids  may  be  carried  through  from  one  to  the 
other.  It  is  probable  that  the  general  course  of  the  current  is  from 
peritoneum  to  pleura,  although  it  may  be  reversed. 

This  great  power  of  absorption  is  very  important,  especially  in 
relation  to  septic  processes.  The  products  of  septic  decomposition  are 
readily  absorbed;  sometimes  in  such  quantity  as  to  produce  fatal  results 
before  they  have  had  time  to  induce  any  considerable  local  effects. 
This  is  especially  the  case  in  rupture  of  the  intestine,  where  death  may 
occur  within  twenty-four  hours  Avithout  definite  symptoms  of  peritonitis, 
and  apparently  from  absorption  of  the  septic  poison.  After  death,  how- 
ever, signs  of  inflammation  are  usually  visible  in  the  peritoneum. 

The  fluid  in  the  peritoneal  sac  is  not  at  rest,  but  circulates,  and  the 
movements  of  the  intestines  doubtless  have  to  do  with  its  transporta- 
tion from  place  to  place.  Hence  any  pathogenic  agent  introduced 
into  the  peritoneal  cavity  is  generally  carried  to  every  part  of  the  sac 
and  produces  its  effects  in  every  region.  Abundant  examjales  of  this  are 
afforded  by  tuberculosis  of  the  peritoneum,  inflammations,  and  so  on. 

1.  Malformations. — The  mesenteries  are  sometimes  too  long  or  too 
short.  The  former  condition  is  supposed  to  have  to  do  with  the 
causation  of  hernias.  The  latter  causes  the  intestine  to  be  unduly 
controlled  in  its  movements.  In  a  case  recorded  by  Lawson  Tait  the 
peritoneum  passed  from  loop  to  loop  without  any  proper  mesentery. 
There  are  also  dermoid  cysts  found  in  the  peritoneum  of  congenital 
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2.  Disorders  of  the  circulation  in  the  peritoneum. — (a)  Active  hyper- 
aemia  is  produced  when  from  any  cause  a  general  relaxation  of  the 
arteries  in  the  sac  occurs.  Leaving  inflammation  out  of  account  this 
will  hardly  occur  except  as  a  result  of  sudden  removal  of  extra  pressure 
gssgIs.  If  lL  Icir^G  ovarian  tumour  be  removed  from  the 
abdomen,  or  ascitic  fluid  drawn  off,  the  arteries,  which  have  previously 
accommodated  themselves  to  the  undue  pressure  on  their  walls,  will  relax 
and  hyperemia  occur.  The  hypcrremia  may  result  in  the  occurrence 
of  a  peculiar  form  of  Chronic  hsemorrhagic  peritonitis,  comparable  with 
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hsemorrhagic  pachymengitis  (see  p.  594),  the  effused  blood  being  here  ' 
also  sometimes  a  ])rominent  feature  (Hsematoma  of  the  peritoneum).  , 
As  in  the  other  case  it  may  be  a  question  whether  there  is  an  inflamma-  t 
tion  preliminary  to  the  haemorrhage,  or  whether  the  hyperaemia  induces 
bleeding,  the  succeeding  organization  of  the  clot  leading  to  the  formation  i 
of  a  membranous  layer  on  its  surface.  Where  ascitic  fluid  has  been  i 
drawn  off  many  times,  there  may  be  several  layers  of  soft  membrane  on  i 
the  surface  of  the  peritoneum,  the  innermost  being  the  most  delicate  i 
and  the  newest.  : 

(6)  Passive  hypersemia  occurs  as  a  result  of  obstruction  to  the  portal 
circulation,  either  alone  or  as  part  of  a  general  venous  hypersemia.  It  is 
chiefly  important  in  relation  to  ascites,  of  which  it  is  the  most  frequent 
cause. 

(c)  Haemorrhage. — There  may  be  unimportant  haemorrhages  in  the 
substance  of  the  peritoneum  in  scurvy,  haemophilia,  etc.   More  consider- 
able heemorrhages  occur  in  consequence  of  rupture  of  considerable 
vessels.    Aneurysms  of  the  abdominal  aorta  not  infreqiiently  rupture. 
The  blood  accumulates  at  first  behind  the  peritoneum,  but  it  may  also 
pass  into  the  cavity.    Traumatic  rupture  of  liver,  spleen,  or  kidneys 
also  causes  haemorrhage.  Then  there  are  frequent  haemorrhages  from  the 
female  generative  organs,  as  from  the  rupture  of  the  cyst  in  extra-uterine  ' 
pregnancy,  but  also  without  apparent  cause  at  menstrual  periods.    (See  . 
Peri-uterine  Haematocele.)   There  are  also  haemorrhages  in  tuberculosis  ■ 
and  cancer  of  the  peritoneum. 

The  efiused  blood  is  in  many  cases  readily  absorbed,  but  when  the 
collection  of  blood  is  local,  as  in  the  pelvis,  or  the  peritoneum  is  altered 
by  inflammation,  it  may  remain.  If  there  is  a  considerable  mass  the  name  i 
Hsematoma  is  applied.  The  blood  becomes  decolorized  and  surrounded  ; 
or  encapsuled  by  new-formed  connective  tissue  in  the  ordinary  way.  . 
The  blood  thus  sets  up  a  chronic  inflammation  which,  in  the  case  of  the  '. 
pelvic  haematoceles,  may  have  serious  consequences  by  interfering  with  i 
the  uterus  and  ovaries. 

{d)  Ascites. — This  name  is  given  to  drojDsy  of  the  peritoneal  c&vitj-  ■ 
It  is  sometimes  merely  a  part  of  a  general  oedema,  occurring  in  disease  ; 
of  the  heart  or  lungs,  in  Bright's  disease,  and  in  anaemic  states.  But  it  I 
is  peculiarly  prone  to  occur  when  the  portal  circulation  is  specially  ob-  • 
structed.  This  may  happen  by  the  portal  vein  being  obstructed  by  i 
thrombosis,  or  pressed  on  from  without,  but  more  frequently  it  is  by  ( 
some  lesion  in  the  liver  itself,  such  as  cirrhosis  or  cancer,  which  obstructs  t 
the  portal  vessels,  as  it  were,  in  detail. 

In  these  cases  the  ascites  is  from  increased  transudation,  and  it  is : 
much  less  common  to  have  it  occurring  from  interference  with  absorp-  • 
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tion.  This  may  have  something  to  do  with  it,  however,  in  cases  of 
cancer  of  the  peritoneum,  where  the  numerous  cancerous  tumours 
originate  from  material  carried  into  the  lymphatic  channels  and  growing 
there.  These  tumours  will  necessarily  obstruct  the  lymphatics  to  a  large 
extent  in  detail,  although  they  may  also  produce  by  their  irritation  a 
hypera^mia  of  the  peritoneal  vessels. 

The  fluid  in  ascites  is  contained  in  the  general  sac  of  the  peritoneum, 
but  where  adhesions  have  previously  existed  it  may  be  confined  to  parti- 
cular parts,  and  sacculated.  Sometimes  also,  in  children,  there  is  a 
dropsy  in  the  sac  of  the  omentum  {Hydrops  omenti). 

The  character  of  the  fluid  in  ascites  is  that  of  ordinary  transuda- 
tions, a  clear,  slightly  yellow,  limpid  fluid  of  low  specific  gravity.  After 
it  has  stood  for  a  time  it  often  deposits  a  very  gelatinous  coagulum 
of  fibrine. 

In  prolonged  ascites  the  peritoneum  is  apt  to  get  somewhat  thick- 
ened, especially  when  puncture  has  been  frequently  performed.  The 
great  omentum  is  not  infrequently  gathered  up  so  as  to  be  thicker 
and  shorter  than  usual,  and  in  that  case  it  will  act  less  efl&ciently  as 
a  drain. 

Chylous  ascites  has  already  been  referred  to  (p.  434)  as  occurring  in 
connection  with  obstruction  of  the  thoracic  duct.  The  fluid  in  the 
abdomen  is  milky,  containing  finely  dissolved  fat.  Of  a  diflferent  nature 
is  Ascites  adiposus,  which  may  be  confused  with  chylous  ascites,  as  in 
it  also  the  fluid  is  milky.  In  this  case  the  milkincss  is  from  fatty 
degenei-ation  of  cells,  either  the  endothelium  in  ordinary  ascites  or  the 
cells  in  cancer.  There  is  always  the  distinction  between  the  two  con- 
ditions that  in  chylous  ascites  the  fat  is  free,  while  in  ascites  adiposus  it 
is  in  cells. 

3.  Inflammations  of  the  peritoneum.  Peritonitis. — Inflammation  of 
the  peritoneum  is  very  seldom  spontaneous  in  its  origin.  It  seems 
remarkable  that,  compared  with  the  pleura  or  pericardium,  this  mem- 
brane is  so  seldom  the  scat  of  independent  inflammation  as  a  result,  for 
instance,  of  the  irritation  of  the  blood  in  acute  rheumatism,  or  of  the 
more  vague  causes  of  irritation  designated  as  cold. 

The  peritoneum  is,  however,  peculiarly  liable  to  inflammations  of  a 
secondary  character,  the  irritant  proceeding  either  from  without  as  in 
wounds  of  the  abdomen,  or  from  one  of  the  organs  lying  beneath  the 
membrane. 

Mere  exposure  to  the  air  or  the  entrance  of  air  into  the  abdominal 
cavity  does  not  induce  peritonitis,  and  even  a  somewhat  j^rolonged 
cooling  of  the  membrane,  as  during  an  operation,  does  not  seem  to  lead 
to  inflammation. 
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Septic  inflammations  comprise  the  great  proportion  of  acute  inflam- 
mations of  the  peritoneum.  When  septic  matter  is  introduced,  the  peri- 
toneal cavity  forms  a  favourable  place  for  the  propagation  of  any 
microbes  which  are  not  inhibited  by  the  lining  membrane.  Of  these  the  > 
pyogenic  micrococci,  and  especially  the  streptococci,  are  the  principal 
forms.  They  multiply  with  enormous  rapidity  in  the  warm  and  moist 
cavity,  and  it  often  happens  that  in  comparatively  few  hours  we  may 
have  an  intense  inflammation,  or  we  may  have  such  an  absorption  as  to  i 
cause  death  by  septicaemia  before  considerable  inflammation  can  develop. 

The  septic  inoculation  may  take  place  by  a  wound  in  the  abdomen, 
ma^e  by  accident  or  by  an  operation.  More  frequently  the  source  is 
an  underlying  organ,  as  by  rupture  of  the  stomach  or  intestine,  or  by 
propagation  of  septic  processes  from  the  uterus  after  delivery.  In 
regard  to  the  last  mentioned  source,  acute  peritonitis  is  often  a  special 
feature  in  so-called  puerperal  fever. 

The  septic  inflammations  are  pre-eminently  acute,  and  tend  rapidly 
towards  suppuration.    At  first  there  is  hyperasmia  and  a  serous  and  , 
Fibrinous  exudation.    The  exuded  fibrine  is  visible  on  free  surfaces  as 
a  soft  yellow  layer,  and  is  often  present  in  the  fluid  as  yellow  flakes.  It 
o-lues  together  surfaces  which  are  in  contact,  such  as  the  loops  of  the  in- 
testine,  but  the  adhesions  are  soft  and  readily  separated.   As  the  inflam- 
mation goes  on,  the  fibrinous  exudation,  which  from  the  first  contains 
very  numerous  leucocytes  and  is  correspondingly  soft,  becomes  still 
more  infiltrated  with  these,  and  assumes  the  characters  of  pus.   Pus  may 
be  found  in  some  parts,  while  in  others  there  is  still  the  soft  fibrinous  ; 
exudation.  Thus  pus  may  be  found  in  the  neighbourhood  of  the  original  : 
source  of  the  inflammation,  as  around  the  vermiform  appendage,  the  • 
inflammation  being  here  more  intense  or  of  longer  standing.    The  pus,  . 
and  even  any  free  fibrine  that  may  exist,  commonly  gravitate  to  de-  • 
pendent  parts,  and  we  may  find  a  collection  of  yellow  pus  in  the  pelvis, 
especially  in  Douglas's  povich. 

The  endothelial  cells  of  the  peritoneum  take  part  in  the  inflammation.  . 
They  multiply  and  enlarge  (Orth),  or  they  are  shed.  The  underlying  i 
connective  tissue  is  infiltrated  with  serous  fluid  and  exudation,  and  all 
the  underlying  tissues  are  altered,  more  especially  the  wall  of  the  intes- » 
tine,  whose  coats  are  often  oedematous  and  swollen.  There  is  not  infre- ' 
quently  considerable  tympanitic  distension  of  the  intestine  from  paralysis  : 
of  its  muscular  coat.  This  Meteorism  is  sometimes  a  peculiarly  distress- ' 
ing  feature  in  puerperal  fever. 

Septic  peritonitis,  if  general,  is  almost  necessarily  fatal.  Sometimes  < 
it  is  localized  by  adhesions,  and  even  after  the  occurrence  of  suppuration  i 
may  subside  and  give  place  to  chronic  inflammation. 
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A  more  localized  acute  peritonitis  not  infrequently  occurs.  It  may 
be  in  connection  with  typhlitis  (see  ante),  or  with  diseases  of  the  uterus, 
or  may  be  even  a  result  of  infarction  of  the  spleen.  Such  inflammations 
are  usually  survived  with  the  result  of  producing  adhesions. 

Chronic  peritonitis,  whether  developing  out  of  the  acute  form  or 
occurring  in  connection  with  disease  in  an  underlying  organ,  is  charac- 
terized by  newformation  of  connective  tissue,  frequently  with  adhesion 
of  opposing  surfaces  {Peritonitis  adhcesiva).  The  details  of  this  process 
are  similar  to  those  in  chronic  pleurisy;  it  remains  here  to  specify  some 
of  the  more  common  occasions  of  the  affection. 

A  diffuse  chronic  peritonitis  sometimes  develops  in  the  course  of 
Bright's  disease.  There  is  also  commonly,  in  cases  of  secondary  cancer 
of  the  peritoneum,  a  general  chronic  peritonitis. 

Local  thickenings  of  the  capsule  of  the  liver  and  spleen  are  of 
frequent  occurrence  in  connection  with  diseases  in  these  organs  or  their 
neighbourhood.  Sometimes  the  connective  tissue  is  hard,  almost  like 
cartilage.  Very  commonly  there  is  adhesion  to  the  parts  around, 
especially  to  the  diaphragm.  On  the  other  hand,  the  diaphragm  may  be 
adherent  by  reason  of  the  extension  of  an  inflammation  from  the  pleura, 
the  irritant  having  passed  downwards  in  a  direction  contrary  to  that  of 
the  usual  circulation. 

The  peritoneum  around  the  female  generative  organs  is  liable  to 
very  frequent  local  chronic  inflammations  (Perimetritis),  resulting  in 
complex  adhesions  and  mattings  of  the  pelvic  organs.  The  contraction 
of  the  new-formed  connective  tissue  may  cause  considerable  distortion 
of  these  organs. 

There  is  also  a  peritonitis  from  rupture  of  the  gall-bladder  or  a  bile 
duct  (see  p.  786).    Tuberculosis  is  the  commonest  cause  of  Peritonitis. 

4.  Tuberculosis  of  the  peritoneum.  Tubercular  peritonitis.— This 
disease  is  due  to  the  existence  of  the  tubercular  virus  in  the  peritoneal 
cavity.  The  virus  seldom  gets  into  the  sac  from  tubercular  ulcers  of 
the  intestine,  apparently  because  the  intestinal  lymphatics  are  sub- 
peritoneal and  do  not  connect  with  the  interior  of  the  sac.  Tuber- 
culosis of  the  vertebrae  or  of  lymphatic  glands  may  give  rise  to  it,  and  in 
some  cases  tuberculosis  of  the  testicle  and  vas  deferens  has  extended  to 
the  peritoneum,  the  disease  being  in  that  case  concentrated  in  the 
inguinal  region  where  the  vas  deferens  approaches  nearest  to  the 
peritoneum.  In  most  cases,  however,  no  direct  extension  from  a 
neighbouring  locality  is  traceable  and  the  tuberculosis  is  jDrimary. 

Having  reached  the  peritoneum  the  virus  is  carried  hither  and 
thither  throughout  the  sac  by  the  regular  circulation.  The  consequence 
is  the  formation  of  innumerable  tubercular  nodules  and  an  Inflamma- 
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tion  of  the  ijeritoneum.  The  inflammation  is  at  first  acute,  accomiDanied 
by  serous  and  probably  fibrinous  exudation  as  in  septic  inflammations. 
There  is  thus  often  considerable  swelling  of  the  abdomen.  In  some 
cases  the  inflammation  is  unusually  acute  and  may  even  be  suppurative 
in  character. 

By  the  time  the  case  comes  to  be  examined  post  mortem  the  acute 
stage  has  usually  passed  off"  and  we  find  evidences  of  chronic  inflamma- 
tion in  the  form  of  thickening  of  the  peritoneum  and  multiplied  vascular 
adhesions  in  every  part.  The  loops  of  the  intestine  are  adherent  to 
each  other,  and  the  superficial  ones  to  the  anterior  wall  of  the  abdomen, 
the  omentum  is  adherent  to  the  intestine,  the  liver  to  the  diajDhragm, 
and  so  on.  In  fact  the  peritoneal  cavity  is  obliterated  by  adhesions. 
In  the  midst  of  these  adhesions  are  numerous  yellow  masses  of  very 
various  sizes,  some  as  large  as  split-peas,  and  usually  flat.  These 
caseous  masses  are  composed  of  groups  of  tubercles  which  have  very 
much  the  character  of  those  found  in  tubercular  pericarditis.  The 
caseous  tubercles  have  developed  in  the  usual  way  out  of  grey  miliary 
tubercles,  and  examination  will  usually  show  examples  in  the  various 
intermediate  stages. 

The  condition  of  the  Omentum  is  worthy  of  special  mention.  It  is 
drawn  together  and  thickened,  and  closely  adherent  to  the  intestine 
and  wall  of  the  abdomen,  while  in  its  substance  numerous  tubercular 
masses  are  to  be  found. 

All  these  conditions  indicate  a  chronic  inflammation,  accompanied  as 
visual  by  the  newformation  of  vascular  connective  tissue  -with  con- 
sequent adhesion.  The  yellow  caseous .  masses  are  collections  of 
tubercles  mostly  obsolete,  just  as  the  caseous  tubercles  of  the  brain 
are ;  and  here,  as  there,  we  may  find  recent  tubercles  at  the  margins  of 
the  caseous  masses. 

It  has  already  been  mentioned  that  Tubercular  pleurisy  often  de- 
velops in  association  with  tubercular  peritonitis.  There  is  in  the  pleura 
for  the  most  part  a  serous  exudation,  and  as  the  eruption  is  usually  re- 
cent the  tubercles  are  in  the  form  of  small  white  or  grey  nodules. 
They  are  commonly  grouped  mainly  in  the  lower  part  of  the  pleural 
cavity,  in  this  way  indicating  the  source  of  the  infective  material. 
They  may  set  up  an  acute  pleurisy  with  fibrinous  exudation. 

Healing  is  probably  not  infrequent  in  tubercular  peritonitis,  but  the 
resulting  conditions  are  rarely  the  subject  of  observation.  The  author 
had  the  opportunity  of  examining  a  case  ten  years  after  the  occurrence 
of  the  disease.  The  peritoneum  was  obliterated  hy  soft  connective 
tissue  adhesions,  which  united  the  intestines  and  the  various  organs 
together.    There  were  no  tubercles  visible,  but  here  and  there  a  small 
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cretaceous  mass  in  the  midst  of  the  adhesions.  When  the  tuberculosis 
had  been  overcome  the  dead  caseous  matter  had  remained.  This  was 
in  great  part  absorbed  as  dead  animal  matter.  Where,  from  the  size  of 
the  mass  or  otherwise,  absorption  did  not  occur,  calcareous  infiltration 
took  place.  In  another  case  the  adhesions  had  formed  several  bands  or 
bridles,  under  one  of  which  the  intestine  had  become  incarcerated,  thus 
leading  to  a  fatal  obstruction. 

Tuberculosis  of  the  peritoneum  is  sometimes  met  with  in  Acute 
miliary  tuberculosis,  but  it  is  not  frequent,  and  the  appearances 
are  altogether  different  to  those  of  tubercular  jDeritonitis.  In  the  case 
of  general  tuberculosis  the  virus  is  in  the  blood,  and  the  tubercles 
develop  in  connection  with  the  blood-vessels  and  not  on  the  surface. 
The  tubercles  are  very  small  grey  nodules  hardly  visible  to  the  naked 
eye  and  specially  abundant  in  the  upper  part  of  the  abdomen  and 
omentum. 

5.  Tumours  of  the  peritoneum. — These  are  rarely  primary.  Retro- 
peritoneal sarcoma  is  not  uncommon.  The  tumour,  sometimes  growing 
to  a  very  large  size,  pushes  the  organs  before  it  and  may  infiltrate 
them. 

Sometimes  we  meet  with  bulky  gelatinous  tumours  in  the  abdomen, 
and  the  recognition  of  the  exact  nature  of  some  of  them  is  matter  of 
considerable  difiiculty.  Colloid  cancer  of  the  stomach  and  intestine 
not  infrequently,  as  we  shall  see  afterwards,  passes  on  till  it  reaches 
the  peritoneum,  and  may  result  in  the  formation  of  bulky  gelatinous 
masses  there.  But,  besides  that,  there  are  primary  tumours  of  the 
peritoneum  which  belong  to  the  class  of  Cylindroma  or  Plexiform 
angiosarcoma.  In  these  cases  there  is  a  newformation  of  blood- 
vessels in  whose  adventitia  is  produced  a  peculiar  gelatinous  tissue. 
These  tumours  may  attain  a  large  size,  weighing  as  much  as  forty 
pounds. 

Primary  cancer  occurs  with  similar  characters  to  that  of  the  pleura, 
and  like  that  form  it  is  sometimes  called  endothelioma.  The  tumour  is 
in  the  form  of  nodules  of  larger  and  smaller  size  along  with  great 
thickening  of  the  peritoneum.  There  is  also  great  serous  efiusion 
and  usually  also  fibrinous  deposition.  There  may  be  blood  in  the 
exudation. 

Secondary  cancer  of  the  peritoneum  will  be  considered  in  the  next 
section. 

Malignant  lymphoma  (Hodgkin's  disease)  is  not  such  a  common 
tumour  here  as  in  the  mediastinum,  but  it  sometimes  originates  in  the 
lymphatic  glands  of  the  mesentery  and  involves  all  the  neighbouring 
structures.    We  may  thus  have  bulky  tumours  occujjying  the  place  of 
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a  portion  of  the  mesentery  and  intestine,  and  repeating  roughly  the 
anatomical  relations  of  these. 

Literature. — Malformations — Lawson  Tait,  Dubl.  Jour,  of  Med.  Sc.,  1869;  Obstet. 
Jour.,  iii.  Hmnorrhages — Ebckiinghausen,  Vircli.  Arch.,  xxvi.,  1863;  Cokdua, 
Eesorptionsmech.  von  Blutergiissen,  1877;  Friedheich,  Virch.  Arch.,  Iviii.,  1873; 
Baumleb,  ibid.,  lix.,  1874.  Chi/lous  ascites— Quincke,  D.  Arch.  f.  klin.  Med.,  xxx., 
1882 ;  Coats,  Museum  Catalogue  of  Western  Infirmary,  pp.  55,  56  (two  cases  from 
thrombosis  of  jugular),  1885;  Letulle,  Eev.  de  M6d.,  1884;  Whitla,  Brit.  Med. 
Jour.,  1885,  i.  Inflammation — Klein,  Anat.  of  lymph,  syst.,  i.,  1873 ;  Ohth,  Virch. 
Arch.,  Iviii.,  1873;  Feaenkel,  D.  med.  Wochensehr.,  1884;  Bauee,  in  Ziemssen's 
Cycl.,  xiv.,  1878.  Tuberculosis— Kimbs.,  Virch.  Arch.,  xliv.,  1868;  Payne,  Path, 
trans.,  xxi.,  1870  ;  Baumgaeten,  Zeitschr.  f.  klin.  Med.,  x.,  1885  ;  Geawitz,  Charit6- 
Annalen,  xi.,  1886.  Primary  cancer — Bristowe,  Path,  trans.,  xxi.,  1870;  Neelsex, 
D.  Arch.  f.  klin.  Med.,  xxxi.,  1882 ;  Bieger,  Charity -Annalen,  viii.,  1883.  Lym- 
phoma— WiCKHAM  Legg,  St.  Earth.  Hosp.  Eep.  xi.,  1875. 


E. — The  Secondary  Extension  of  Cancers  of  the 
Abdominal  Organs. 

We  have  seen  in  the  study  of  the  diseases  of  the  stomach  and 
intestine  that  the  cancers  of  these  organs  very  often  lead  to  secondary 
tumours  in  the  liver  and  peritoneum,  and  it  may  be  well  to  consider 
here  more  systematically  what  paths  the  infective  material  follows  in 
passing  from  the  primary  tumour  to  the  seat  of  the  secondary  growths. 

The  secondary  growths  in  the  liver,  in  the  case  of  cancers  of  the 
organs  mentioned,  form  in  connection  with  the  portal  vessels,  and  there 
is  no  doubt  that  the  material  is  broxight  to  the  liver  by  the  portal  vein 
from  its  radicles.  But  the  question  remains.  How  does  the  cancerous 
material  find  its  way  into  the  radicles  of  the  portal  vein  ?  We  know 
that  in  external  cancers  the  secondary  tumours  occur  uniformly  in  the 
lymphatic  glands,  and  it  is  only  after  these  have  been  long  involved  that 
the  cancerous  material  reaches  the  blood. 

It  seems  probable  that  cancers  of  the  abdominal  oi'gans  form  no  ex- 
ception to  this  rule,  and  that  extension  to  the  liver  is  usually  a  late  and 
properly  a  tertiary  phenomenon,  although  the  concealed  and  protected 
position  of  the  primary  tumour  and  of  the  secondarjr  lesions  in  the  lym- 
phatic glands  renders  this  difficult  of  demonstration. 

Supposing  this  view  to  be  correct,  then  it  follows  that,  if  a  cancer  of  the  stomach 
or  intestine  causes  secondary  growths  in  lymphatic  glands  whose  Veins  are  not 
radicles  of  the  portal,  the  tumours  of  the  tertiary  order  would  not  be  in  the  Hver  but 
in  the  lungs,  or  beyond  the  lungs,  in  organs  fed  by  the  systemic  arteries. 

The  author  met  with  a  case  of  cancer  of  the  stomach  in  which,  instead  of  the 
glands  immediately  outside  its  wall,  as  is  usually  the  case,  the  pre-vertebral  glands 
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were  enlarged  and  cancerous.  One  of  these  was  adherent  to  the  wall  of  the  inferior 
vena  cava,  and  on  opening  this  vein  a  little  white  thrombus  was  seen  peeping  out 
of  a  small  branch  which  emerged  from  the  enlarged  gland  into  the  vein.  There 
were  cancerous  thrombi  in  other  veins  within  these  glands,  and  on  microscopic  ex- 
amination it  was  found  that  the  cancerous  tissue  in  the  glands  had  largely  broken 
up  the  veins,  and  epithelial  cells  were  found  in  them  along  with  the  blood.  In  this 
case  there  were  innumerable  cancerous  embolisms  in  the  lungs. 

This  case  would  seem  to  indicate  that  cancers  in  lymphatic  glands,  by  breaking 
up  the  gland,  penetrate  into  the  venous  radicles  in  the  gland,  and  so  pass  into  the 
general  circulation.  It  seems  a  legitimate  inference  from  this  case  that  when  the 
Uver  becomes  involved  in  cancer  of  the  ahmentary  canal,  it  does  so  by  the  portal 
blood  becoming  infected  through  the  lymphatic  glands. 

There  remains  one  possible  difficulty  in  the  way  of  accepting  this  view.  In  ex- 
ternal cancers  it  is  exceptional  for  the  general  circulation  to  become  infected.  The 
disease  generally  goes  no  further  than  the  lymphatic  glands,  whereas  in  cancers  of 
the  abdominal  organs  the  Hver  is  affected  in  a  large  proportion  of  the  cases.  But  in 
cases  of  external  cancer  the  patient  usually  suffers  from  ulceration  of  the  primary 
or  secondary  growth  or  of  both,  and  dies  before  the  infection  has  reached  the  general 
circulation.  In  the  case  of  abdominal  cancers,  however,  the  organs  themselves,  and 
the  lymphatic  glands,  are  protected  by  their  position,  and  the  cancers  are  not  so  apt 
to  interfere  with  the  general  health  as  external  cancers  are.  If  the  history  of  even 
an  extensively  ulcerating  cancer  of  the  stomach  be  compared  with  that  of  a  cancer 
of  the  mamma,  the  difference  will  be  very  apparent.  If  the  cancer  of  the  stomach 
does  not  produce  vomiting  or  stricture  of  the  pylorus,  there  may  be  for  a  long  period 
very  Uttle  disturbance  of  the  general  health,  and  Uttle  more  than  symptoms  of  dys- 
pepsia. It  seems  probable,  from  the  history  of  some  cases,  that  a  cancer  of  the 
stomach  may  go  on  for  many  years  without  causing  death.  The  abdominal  lym- 
phatic glands  are  stiU  more  protected.  They  practically  never  ulcerate,  and,  in  re- 
lation to  direct  injui-y  to  health,  cancer  in  them  is  of  little  account. 

It  seems  probable,  then,  that  in  cases  where  the  liver  is  affected  the  disease  is  of 
much  longer  duration  in  its  primary  seat  than  is  often  suspected.  Cases  of  multiple 
cancer  of  the  liver  are  often  examined  after  death,  in  which  no  suspicion  has  existed 
during  life  of  the  existence  of  a  primary  tumour  in  the  stomach,  and  this  tumour 
may  possibly  have  been  going  on  for  a  period  whose  duration  cannot  in  any  way  be 
gathered. 

Cancerous  infection  of  the  peritoneum  also  occurs  by  extension  of 
cancer  from  the  abdominal  organs.  The  seat  of  the  cancer  may  be  any 
of  the  abdominal  organs ;  the  peritoneum  becomes  infected  when  the 
cancerous  material  finds  its  way  into  the  cavity. 

There  are  some  cancers  which  have  comparatively  little  tendency  to 
extend  along  the  lymphatics  to  the  glands,  but  prefer  to  insinuate 
themselves  among  neighbouring  structures,  and  advance  by  continuity 
of  tissue.  This  applies  especially  to  Colloid  cancer,  which  often  grows 
through  the  wall  of  the  stomach  or  intestine,  while  the  glands  are 
hardly  at  all  affected.  We  can  understand  that  a  cancer  with  such 
a  rigid  stroma  as  this  form  has,  and  with  cells  which  so  readily  swell  up 
and  become  transformed,  will  not  readily  allow  of  transportation  of  its 
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elements.  But  this  form  of  cancer  very  readily,  after  growing  through 
the  wall  of  the  stomach  or  intestine,  infects  the  peritoneum,  and  there  is 
no  form  of  cancer  which,  in  such  a  large  proportion  of  cases,  produces 
secondary  tumours  there. 

The  Cancers  of  the  ovary  being  already  very  close  to  the  peritoneum, 
readily  produce  cancerous  infection,  and  do  so  in  almost  every  form  of 
cancer.  Cancers  of  the  Pancreas  also  frequently  have  a  similar  course 
for  the  same  reason.  The  ordinary  cancers  of  the  alimentary  canal 
more  rarely  pass  through  the  walls  and  infect  the  peritoneum,  but  they 
sometimes  do.  It  is  besides  not  uncommon  to  meet  -with  secondary 
cancers  of  the  Liver  which  have  produced  an  infection  of  the  peritoneum, 
some  of  the  tumours  of  the  liver  having  reached  the  surface  and  extended 
through  the  capsule. 

When  the  cancerous  material  gets  into  the  peritoneum  it  is  carried 
throughout  it  by  the  circulating  fluid,  aided  by  the  movements  of  the 
intestine,  and  secondary  cancerous  tumours  commonly  spring  up  in  the 
most  diverse  regions  (Fig.  298).    It  is  to  be  remembered  that  in  the 


Fig.  298.  -Disseminated  cancer  of  the  peritoneum,  from  cancer  of  the  stomach.  (Virchow.) 

peritoneum  there  are  innumerable  open  stomata  ready  to  absorb  any 
finely  divided  solid  matter  that  may  be  suspended  in  the  peritoneal  fluid. 
The  infective  material  will  therefore  be  carried  from  the  surface  into  the 
substance  of  the  peritoneum,  or  into  the  subperitoneal  tissue,  and  the 
resulting  tumours  are  really  beneath  the  surface.  They  form  usually 
flat  growths  with  a  smooth  surface,  the  general  surface  of  the  peri- 
toneum being  perhaps  unbroken.  Not  infrequently  the  tumours  are 
continuous  with  one  another  in  some  parts  of  the  abdominal  wall,  a  layer 
of  cancerous  tissue  appearing  like  a  subperitoneal  thickening.  • 
The  Great  omentum  is  somewhat  peculiarly  situated  in  this  respect. 
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We  have  seen  that  it  probably  acts  as  a  kind  of  drain  in  the  peritoneal 
cavity,  and  if  this  be  the  case  it  will  specially  absorb  any  material 
which  gets  into  the  cavity.  In  accordance  with  this  there  is  usually  in 
cancer  of  the  peritoneum  great  newformation  in  the  omentum.  In 
colloid  cancer  it  sometimes  assumes  the  form  of  a  bulky  heavy  mass, 
and  in  other  forms  we  have  it  gathered  up  and  converted  into  a  solid 
tumour  lying  transversely  in  the  abdomen.  We  may  venture  the  state- 
ment that  this  fact  is  too  little  known  among  physicians,  and  that  a 
great  omentum  thus  altered  is  frequently  taken  during  life  for  an  en- 
largement of  the  liver,  or  a  primary  tumour  of  some  obscure  kind. 

The  Appendices  epiploicse  are  also,  apparently,  highly  absorbent,  and 
cancerous  tumours  are  sometimes  found  in  them. 

The  relation  of  peritoneal  cancers  to  the  Diaphragm  presents  some 
points  of  interest.  We  have  seen  that  the  diaphragmatic  lymphatics 
communicate  with  the  peritoneal  sac  on  the  one  hand,  and  the  pleural 
sac  on  the  other.  In  peritoneal  cancers  the  diaphragm  is  usually  per- 
meated with  cancerous  growths,  and  these  are  often  in  the  form  of  cords 
as  if  following  the  course  of  the  lymphatics.  Through  time  they  extend 
to  the  pleural  surface,  and  tumours  may  appear  there.  If  there  are  no 
pleural  adhesions  in  this  region  the  infective  material  passes  into  the 
pleural  cavity,  and  numerous  tumours  are  often  found,  especially  in  the 
lower  parts  of  the  pleura.  A  pre-existing  adhesion  of  the  diaphragm  to 
the  lung  prevents  this  extension  of  the  cancer. 
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DISEASES  OF  THE  UEINAEY  OEGANS. 

A.  The  Kidneys  and  IJ-rtltehs— Introduction  as  to  stmcture  and  function.  I. 

Malformations  and  Misplacements— 1.  Congemtal  malformations.  2. 
Variations  in  position,  chiefly  the  moveable  and  the  floating  kidney.  II.  Hypeb- 
TEOPHY,  mainli/  compensatory.  III.  Disokdees  of  Circclation,  chiefly 
hypermmia  and  embolism.  IV.  Bright's  disease— 1.  Causation.  2.  Forms, 
(a)  Parenchymatous  or  tubular  nephritis  ;  changes  in  glomendi,  epithelium,  etc. 
The  large  ivhite  Icidney.  The  contracted  fatty  kidney  ;  (b)  InterstitUtl  nep)hritis  ; 
changes  in  interstitial  tissue,  glomendi,  etc.;  cystic  formation.  3.  Character  and 
origin  of  tube  casts.  4.  Other  phenomena,  (a)  Albuminuria,  (b)  Urcemia,  (c> 
(Edema  and  dropsy,  (d)  Changes  in  heart  and  arteries  ;  hypertrophy  of  left 
ventricle  ;  changes  in  arteries— arterio-capillary  fibrosis,  etc.  Theory  of  vascular 
changes.  V.  Septic  Inflammations— 1.  Embolic  or  pyaimic  forms ;  2.  Pyelitis 
and  pyelonephrosis.  VI.  Hydronephrosis  and  Pyonephrosis.  VII.  Retro- 
grade CHANGES— 1.  Amyloid  disease,  its  various  origins ;  mostly  ivith  interstitial 
nephritis,  2.  Atrophy,  sometimes  local  from  affection  of  artenes,  3.  Parenchy- 
matous infiltration.  VIII.  Concretions  and  Calculi  ;  in  the  new-born  and 
in  ad^dts.  IX.  Syphilis  and  Tuberculosis  ;  chiefly  local  tuberctdosis  or  renal 
phthisis.  X.  Tumours— C2/.s<.s,  including  cystic  degeneration;  Sarcomas  and 
Cancers.    XI.  VA^ASiiKS—Echinococcus  and  filaria. 

B.  Urinary  bladder  and  Urethra.    1.  Congenital  malformations.    2.  Perfora- 

tion and  rxipiu.re  of  bladder.  3.  Dilatation  and  hypertrophy,  including  diver- 
ticula. 4.  Disorders  of  circulation.  5.  Inflammation  of  bladder,  Cyslilts, 
chiefly  from  decomposition  of  urine.  6.  Tuberculosis.  1.  T^imours.  8. 
Parasites.  9.  Concretions  and  calculi ;  their  various  fonns,  etc.  Diseases  or 
the  Urethra,  chiefly  Oonon-hceal  inflammation,  and  stricture. 

A.— The  Kidneys  and  Ureters. 

INTEODUCTION.— In  studying  the  diseases  of  the  kidneys,  it  is 
necessary  to  bear  constantly  in  mind  the  general  facts  as  to  their 
structure,  otherwise  the  examination  of  the  organs  will  lead  to  con-, 
fusion.  The  functions  of  the  kidney  must  also  be  understood  in  their 
outlines  in  order  to  a  comprehension  of  the  changes  wrought  by  disease. 

The  noi-mal  Iddney  measures  atout  4  inches  in  length,  2^  in  breadth  and  11  in 
thickness.  The  weight  varies  considerably,  the  average  for  the  male  bemg  4A  to  6 
ounces,  and  for  the  female  slightly  less.    The  surface  is  smooth  and  the  capsule 
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although  closely  applied  to  the  surface  can  be  readily  stripped  off.  On  section  the 
tissue  is  seen  to  be  very  regular,  the  distinction  of  pyramids  and  cortex  being  well 
defined. 

When  a  microscopic  section  of  the  kidney,  made  so  as  to  include  both 
cortical  and  pyramidal  substance,  is  examined,  the  contrast  between 
these  two  regions  is  sufficiently  striking  in  respect  that  in  the  cortical 
substance  the  uriniferous  tubules  have  a  markedly  irregular  and  con- 
voluted course.    K  attention  be  now  confined  to  the  cortex  alone,  as  in 


^^''--Sectioii  of  nonnul  kidney  inclurtiug  cortex  and  biise  of 
pyramid  with  a  very  low  nmtrnifyiiitf  power,  o,  medullary  rays  •  h 
convoluted  tubules  ;  c,  region  of  arterifo  recta)  in  pyramids  •  d  iarirer 
vessels  runnina  between  pyramid  and  cortex  ;  e,  Malpighiaii  tiifts  • 
/.capsule.    X  12.  '   '       i  n     "  iun.o , 

fig.  299,  it  will  bo  seen  that  convoluted  tubules  are  not  the  only  kind 
present.    There  are  also  straight  tubules  prolonged  up  from  the  pyramids 
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in  the  form  of  tapering  bundles  («)  between  which  lie  convoluted  tubules 
(5).  These  tapering  bundles,  called  medullary  rays  or  pyramids  of 
Ferrein,  do  not  reach  the  surface,  the  most  superficial  part  of  the  cortex 
presenting  a  continuous  layer  of  convoluted  tubules.  In  this  way  the 
deeper  parts  of  the  cortex  present  a  regular  division  into  alternating 
areas  of  straight  tubules  or  medullary  rays,  and  convoluted  tubules. 

Among  the  convoluted  tubules  lie  the  Malpighian  capsules  or 
o-lomeruii  ie  in  figure).  These  occur  somewhat  frequently,  and  at 
tolerably  regular  intervals. 

In  addition  to  these  arrangements  of  the  tubules,  the  blood-vessels 
must  receive  attention.  The  larger  arteries  {d  in  figure),  run  between 
pyramids  and  cortex,  and  send  up  stems  given  off  at  right  angles 

into  the  cortex.  These  pass 
at  intervals  into  the  region  of 
convoluted  tubules,  and  as  they 
ascend  they  give  off  lateral 
branches  to  the  glomeruli.  It 
will  thus  appear  that  the 
areas  of  convoluted  tubules  arc 
also  the  areas  of  the  ascending 
arteries  (which  are  also  called 
interlobular  arteries)  and  glom- ■ 
eruli.  In  the  glomerulus  the 
afferent  vessel  breaks  up  into  a 
congeries  of  capillary  vessels, 
called  the  tuft.  These  gather 
together  to  form  the  efferent  r; 
vessel,  which  again  breaks  up 
into  capillaries  which  surround  ' 
the  tubules  with  a  rich  network. 

The  large  arteries  which  run 
between  the  pyramids  and  the  cor- 
tex also  give  off  arterial  branches 
downwards   to   the  pyramids. 
These  arteries  break  up  iutoi, 
bunches   of  straight  arterioles  i 
(arterijB  rectiB,  c  inFig.  299)  which  \ 
are  increased  by  branches  com- 
ing down  from    the    afferent  i 
vessels  in  the  deeper  parts  of  the  > 
cortex.    These  bunches  of  arterioles  taper  as  they  pass  down  the 
pyramids,  so  that  they  form  small  pyramids  with  their  bases  towai-ds' 


Fis;.  :iliO. — DLiiftrarn  of  course  of  uriniferous  tu- 
bules fi'Dui  jMaliiigliiau  capsule  (I)  to  pyramid  (IX). 
See  text.  (Quain.) 
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the  cortex.  They  correspond  in  position  with  the  areas  of  convoluted 
tubules,  which  areas  they,  as  it  wore,  prolong  down  into  the  pyramids. 

In  studying  the  functions  of  the  kidneys  we  have  to  remember  in  the 
first  place  the  course  of  each  uriniferous  tubule,  which  may  be  followed 
in  the  annexed  diagram.  It  begins  in  the  Malpighian  capsule  (i). 
Issuing  thence  the  tubule  becomes  convoluted  (ii),  and  then  it 
dips  dowM  in  a  long  loop  (Henle's  loop)  whose  bend  (h)  is  usually 
in  the  pyramidal  portion.  Turning  upwards  (iv)  the  loop  comes  back 
to  the  cortex,  again  becomes  convoluted  (v),  and  then  opens,  sometimes 
at  an  acute  angle,  into  a  straight  tubule  (vi)  which  passes  directly 
downwards,  joined  by  other  tubules  (vii),  till  it  opens  at  the  apex  of  the 
pyramid  (ix)  into  one  of  the  calices. 

So  far  as  the  water  of  the  urine  is  concerned,  it  is  generally  agreed 
that  it  passes  from  the  blood  at  the  glomeruli;  it  filters,  in  fact,  from 
the  capillaries  into  the  ends  of  the  tubules.  According  to  Bowman's 
view,  it  is  mainly  the  water  which  passes  through  at  the  Malpighian 
capsules,  the  urea,  urates,  etc.,  being  secreted  from  the  blood  by  the 
large  granular  epithelium  which  lines  the  convoluted  tubules. 

It  seems  probable  that  Ludwig's  view  is  correct,  that  the  water  passing  through 
at  the  glomeruli  is  partly  re-absorbed,  but  that  the  function  of  the  epithelium  is  not 
confined  to  this.  In  experiments,  in  which  indigo-sulphate  of  sodium  was  injected 
mto  the  blood,  It  was  found  that  this  substance  is  excreted  by  the  epithelium  of  the 
tubules,  chiefly  that  of  the  convoluted  tubules.  The  colour  of  the  substance 
rendered  it  possible  to  see  the  seat  of  its  excretion.  As  an  inference  from  this  it 
may  be  supposed  that  the  epithelium  is  actively  engaged  in  separating  urea  and 
other  urinary  constituents,  perhaps  changing  some  of  them  in  transit. 

The  actual  amount  of  the  urine  secreted  will  depend  on  the  blood- 
pressure  in  the  vessels  of  the  glomeruli  or  on  the  speed  with  which  the 
blood  passes  through  these  vessels.  The  amount  secreted  will  be 
increased  by  increase  of  pressure  in  the  vessels,  as,  for  instance,  by 
relaxation  of  the  renal  arteries,  and  it  will  be  diminished  by  any  cause 
which  diminishes  the  pressure  in  these  vessels.  Considering  the  close 
relationship  of  the  renal  vessels  to  the  systemic  arteries  and  veins,  it  is 
clear  that  the  blood  in  the  former  will  be  liable  to  considerable  varia- 
tions in  pressure  and  in  the  speed  of  the  current  from  circumstances 
affecting  the  general  circulation,  such  as  disease  of  the  heart  and  lungs, 

Literature.— See  full  account  in  Heide.nhain,  in  Hermann's  Phvs  v  ISfin- 
Pantyuski,  Virch.  Arch.,  Ixxix.,  1880.         .  -  xoou , 

I.— MALPORMATIONH  AND  MISPLACEMENTS  OF  THE  KIDNEY. 

1.  Congenital  malformations.— These  are  frequently  such  as  to 
produce  comparatively  little  interference  with  the  function  of  the 
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organs.  This  does  not  apply  to  the  extreme  cases  where  both  organs 
are  absent  or  extremely  small,  but  as  this  only  occurs  with  serious 
malformations  of  the  foetus  as  a  whole,  the  child  does  not  survive. 

Defect  of  one  kidney  is  not  infrequently  met  with  in  well-formed 
adults  without  any  of  the  signs  of  disease  of  the  kidneys.  It  is 
mostly  the  left  kidney  that  is  defective,  and  it  may  be  entirely  absent, 
its  vessels  and  a  diminutive  ureter  ending  in  a  piece  of  connective 
tissue.  The  other  kidney  in  these  cases  undergoes  a  compensatory 
hypertrophy. 

The  kidney  also  not  infrequently  shows  some  trace  of  the  Fcetal 
lobulation  which  in  some  animals  is  retained  throughout  life. 

Coalescence  of  the  two  kidneys  across  the  middle  line  is  one  of  the 
most  frequent  malformations.  Various  degrees  of  it  are  presented. 
It  may  be  a  simple  elongation  of  the  inferior  extremities  of  the  kidneys 

which  are  united  by  a  fibrous  band 
passing  across  the  vertebrte.    Or  there 
may  be  a  proper  isthmus  of  renal  tissue 
uniting  the  two  kidneys  into  one  and 
forming  the  well-known  Horse-shoe 
kidney  (Fig.  301).    From  this  we  have 
various  grades  on  to  complete  coales- 
cence of  the  kidneys  into  an  elongated 
or  square  body  across  the  vertebrae. 
In  almost  every  case  there  are  the 
regular  two  ureters,  or  they  may  even 
be  increased  in  number,  and  they  pass 
down  in  front  of  the  isthmus.    This  form  of  kidney  is  often  depressed 
in  position,  even  coming  as  low  in  some  cases  as  the  hollow  of  the 
sacrum.    When  depressed  the  arteries  usually  have  abnormal  origins, 
as  from  the  common  iliac,  hypogastric,  etc. 

2.  Variations  of  position. — These  may  be  congenital  or  acquired. 
In  the  former  case  and  in  some  of  the  latter  the  kidney  is  fixed  in  its 
unusual  situation.    In  Congenital  malposition  it  is  generally  the  left 
kidney  which  is  concerned.    It  may  be  depressed  so  as  to  lie  as  low  as  - 
the  brim  or  even  the  cavity  of  the  pelvis.    It  is  not  infrequently  seated  : 
opposite  the  sacro-iliac  synchondrosis.    Such  kidneys  have  usually  the  .'I 
hilum  presenting  forward  and  are  flattened,  while  their  vessels  are 
branches  of  the  lower  end  of  the  aorta  and  of  the  iliac  veins,  or  even 
entirely  of  the  iliac  vessels.    The  kidney  may  also  lie  nearer  the  middle 
line  than  normal  or  in  the  middle  line. 

The  malposition  may  be  acquired  by  the  pressure  of  tumours  or  of 
the  liver,  by  the  dragging  of  a  hernial  sac,  and  so  on. 


Fig.  301. 
kidney. 


-Outline  sketch  of  horse-shoe 
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Moveable  and  Floating  kidney.— These  terms  designate  two  con- 
ditions, both  of  them  characterized  by  undue  mobility  of  the  organ. 
The  kidney  normally  lies  behind  the  peritoneum,  which  covers  it  only 
on  its  anterior  surfiice.  The  organ,  being  in  the  loose  retro-peritoneal 
tissue,  is  surrounded  by  a  fatty  capsule  as  well  as  by  its  more  immediate 
connective-tissue  capsule.  It  is  fixed  to  the  posterior  wall  of  the  abdo- 
men partly  by  its  vessels,  partly  by  the  peritoneum  binding  it  down, 
and  partly  by  the  pad  of  adipose  tissue  which  forms  its  fatty  capsule. 

In  the  Moveable  kidney  the  organ  is  unduly  mobile  behind  the 
peritoneum  ;  it  may  be  moveable  within  its  fatty  capsule  or  may  carry 
this  with  it  in  its  displacement.  The  organ  is  sometimes  capable  of  great 
displacement  up  under  the  ribs,  down  into  the  pelvis,  and  for  a  short 
distance  across  the  middle  line,  although  usually  the  mobility  is  limited. 

The  undue  mobility  occurs  in  the  great  majority  of  cases  in  females,  and  it  is 
usually  on  the  right  side  (in  the  proportion  of  152  : 12,  see  Newman).  Its  frequency 
in  women  is  ascribed  to  the  disturbances  produced  by  pregnancy,  and  also  to  the 
wearing  of  stays.  The  relations  of  the  right  kidney  to  the  liver  and  ascending 
colon  probably  account  for  the  greater  frequency  on  this  side.  The  heavy  liver, 
especially  when  pushed  downwards  by  stays,  may  dislocate  the  kidney,  and  the 
ascending  colon  is  more  loosely  attached  on  the  right  side  of  the  abdomen  than  is 
the  descending  colon  on  the  left.  Eapid  emaciation,  by  diminishing  the  pad  formed 
by  the  fatty  capsule,  is  not  an  infrequent  cause.  It  is  stated  that  there  may  be  a 
local  diminution  of  the  fat  in  the  capsule. 

rioating  kidney  is,  strictly,  a  kidney  with  a  mesonephron.  The  peri- 
toneum covers  both  surfaces  of  the  organ,  and  forms  a  mesentery 
which  contains  the  vessels.  This  form  is  excessively  rare,  and  its 
existence  has  been  denied  by  some.  It  is  of  congenital  origin.  The 
degree  of  mobility  is  not  greater  than  in  many  cases  of  moveable  kidney, 
and  the  two  conditions  are  scarcely  distinguishable  during  life. 

The  moveable  kidney  is  not  very  liable  to  secondary  changes,  although 
sometimes  the  abnormal  position  interferes  with  the  flow  through  the 
ureter,  and  leads  to  hydronephrosis,  or  even  inflammation  of  the  pelvis. 
Of  more  importance  is  the  fact  that  by  dragging  there  may  be  serious 
nervous  disturbances  in  the  form  of  excruciating  cramps.  The  kidney 
may,  however,  be  moveable  without  any  such  nervous  symptoms  pre- 
senting themselves. 

3.  Malformations  of  the  ureters  and  pelvis. — These  are,  in  o-eneral 
of  little  importance.  The  ureter  may  be  double  either  in  its  whole 
course  or  in  its  upper  part.  The  pelvis  may  also  be  double  or  in 
several  divisions,  each  of  which  has  a  separate  connection  with  the 
ureter.  The  ureter  may  arise  from  the  pelvis  at  an  acute  angle,  or 
there  may  be  a  kind  of  valve  in  the  course  of  the  ureter  from  a  fold  of 
mucous  membrane. 
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Literature. — Eayeb,  Trait6  des  malad.  des  reins,  iii.;  Foksteii,  Die  Missbildungen ; 
Lanceeeaux,  L'union  m6d.,  1880;  Landau,  Die  Wanderniere  d.  Frauen,  1882; 
Eeport  of  Committee,  Path,  trans.,  xxvii.,  1876 ;  Newman,  Surgical  dis.  of  kidney, 
1888;  BosTEOBi,  Path.  Anat.  der  Niere,  1886. 

II.— DISOEDEES  OF  THE  CIECULATION  IN  THE  KIDNEYS. 

Active  hypersBmia  is  caused  by  dilatation  of  the  renal  arteries. 
This  may  be  from  traumatic  injury  to  the  vaso-motor  centre  in  the 
medulla  oblongata.  In  a  case  of  this  kind  observed  by  the  author 
there  was  the  most  intense  hypersemia  Avith  enlargement  of  both 
kidneys,  the  injection  affecting  all  the  vessels.  During  the  few  hours 
that  the  patient  survived  large  quantities  of  lu-ine  were  twice  removed 
by  the  catheter,  and  after  death  the  bladder  was  again  found  distended 
by  a  watery  urine.  Again,  we  may  have  an  active  hyperaemia  from 
removal  of  pressure,  as  after  excision  of  large  tumours  from  the  abdo- 
men or  the  removal  of  ascitic  fluid,  or  even  the  removal  of  fluid  from 
the  pleura.  Under  these  circumstances  there  is  often  for  a  day  or  two 
excessive  secretion  of  urine  lasting  till  the  renal  vessels  resume  their 
normal  state  of  contraction. 

The  hypersemia  which  follows  on  the  administration  of  certain 
poisons,  such  as  cantharides,  arsenic,  and  carbolic  acid,  is  to  be  re- 
garded as  really  inflammatory. 

Passive  hypersemia  results  from  obstruction  to  the  venous  circu- 
lation, and  is  most  frequently  met  with  in  valvular  disease  of  the  heart 
and  in  diseases  of  the  lungs  in  which  the  circulation  is  seriously 
interrupted,  as  in  severe  emphysema. 

If  the  obstruction  take  place  suddenly  there  may  be  very  intense 
engorgement  of  the  renal  vessels  and  considerable  hjsmorrhage  from  the 
glomeruli,  so  that  their  capsules  and  the  tubules  contain  blood. 

In  the  more  usual  chronic  cases,  such  as  occur  so  frequently  in  cases 
of  heart  disease,  the  kidneys  present  an  increase  in  density  due  to 
Cyanotic  induration  (see  ante,  p.  62).  There  is  also  a  general  redness, 
but  this  is  usually  most  manifest  in  the  pyramids  where  the  arterial 
rectse  often  show  very  special  dilatation,  indicated  by  exaggeration  of 
the  red  streaks  which  pass  from  the  bases  of  the  pyramids  in  the 
direction  of  the  apices.  The  glomeruli  are  also  visible  in  the  cortex  as 
small  red  spots. 

Microscopic  examination  shows  great  overfilling  of  the  vessels,  accom- 
panied in  many  cases  with  atrophy  of  the  epithelium  of  the  tubule-^, 
which  is  not  infrequently  fatty.  There  is  often  blood  in  the  glomeruli 
and  tubules,  and  sometimes  brown  pigment  which  has  formed  from 
blood.  This  pigment  may  be  partly  crystalline.  The  tulmles  also  fre- 
quently contain  hyaline  tube-casts. 
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Thrombosis  of  the  renal  veins  is  sometimes  a  result  of  passive 
hyperemia,  but  it  usually  occurs  just  before  death  and  when  the 
patient  is  very  much  debilitated. 

Embolism  of  the  kidney  is  very  frequent.  Eemembering  that  the 
renal  arteries  are  strictly  end-arteries,  it  will  be  understood  that  when 
one  of  them  is  obstructed  the  Infarction  virtually  always  occurs.  The 
arteries  of  the  kidney  being  dis- 
tributed primarily  to  the  cortex, 
tie  infarction  is  more  or  less 
Tvedge-shaped  (Fig.  302),  with 
the  base  of  the  wedge  at  the 
surface.  If  the  wedge  be  of 
i  larger  size  it  will  extend  also 
into  the  pyramids. 

As  a  rule  the  infarction  is  of  a 
pale  colour  and  of  dense  con- 
sistence, the  tissue  having  un 
'  dergone   Coagulation  -  necrosis. 

■  There   is   not  generally  much 

1  haemorrhage,  but  usually  at  the      Fig-   302.  -Embolic  infarction  of  kidney.  The 
.      ,         .  ,  .  „    ,      white  appearance  and  wedge  shape  of  the  infarc- 

.  margin  tnere  is  some,  and  if  the         are  represented.    (After  Rater.) 

:  infarction  be  small  the  haemorrhage  may  extend  throughout  it.  Around 
I  the  infarction  there  is  a  zone  of  hyperajmia. 

The  kidney  tissue  seems  to  undergo  necrosis  very  readily  when  deprived  of  blood. 
I  Litten  found  that  when  the  renal  artery  was  ligatured  for  two  hours  the  renal 

■  epithelium  was  already  necrosed.    This  is  probably  the  reason  why  the  infarction 

■  seldom  takes  the  htemorrhagic  form. 

The  infarction  gradually  undergoes  absorption,  and  is  replaced  by  a 
cicatrix.    In  this  way  deep  depressions  of  the  kidney  may  occur,  and 

■  if  there  are  several  of  them  the  kidney  may  assume  a  lobed  appearance. 
I  In  cases  of  old  mitral  or  aortic  disease  it  is  very  common  to  find  deep 

cicatrices,  indicating  that,  probably  at  the  time  of  acute  endocarditis, 
embolism  of  the  kidney  had  occurred. 

Haemorrhage  from  the  kidney  is  very  frequent.  It  is  of  common 
occurrence  in  acute  nephritis,  and  is  not  infrequent  in  chronic.  It  is  a 
frequent  symptom  in  tumours  of  the  kidney,  especially  in  cancers  and 
cystic  degeneration,  and  it  results  from  calculi  in  the  pelvis  of  the 
organ. 

Purpura  and  scurvy  seem  to  have  a  special  tendency  to  aifect 
the  pelvis  of  the  kidney,  causing  bleeding  from  its  mucous  membrane. 
A  peculiar  and  interesting  form  is  met  Avith  in  infants,  in  whom  a  scor- 
butic condition  has  been  induced  by  artificial  feeding  without  suiTicient 
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fresh  milk.  In  this  case  blood  in  the  urine  may  be  the  only  direct 
symptom  of  scurvy.    (See  Dickinson.) 

In  all  these  cases  the  blood  passes  into  the  urine.  Haemorrhage 
into  the  parts  around  the  kidney  will  only  occur  in  cases  of  ruptire 
from  injury  of  the  organ. 

The  kidney  is  not  infrequently  the  seat  of  Septic  embolism  in 
pyaemia,  ulcerative  endocarditis,  etc.  The  result  is  the  formation  of 
miliary  abscesses,  which  will  come  up  for  consideration  hereafter. 

Literature. — Cohnheim,  Die  embol.  Process,  1872,  and  Allg.  Path.,  ii. ;  Littex. 
Hfemorrh.  Infarct.,  1877,  and  Virch.  Arch.,  Ixxxviii.,  1882;  EECHLrNGiLicsEX, 
(Eetrograde  embol.  of  renal  vein)  ibid,  c,  1885 ;  Dickinson,  Eenal  and  urinary 
affections,  part  iii.,  1885. 

III.— HYPEETEOPHY  OF  THE  KIDNEY. 

Compensatory  hypertrophy  of  the  kidney  readily  develops  when  one 
kidney  is  lost  or  congenitally  defective.  In  the  case  of  congenital 
absence  of  one  kidney  the  other  will  be  found  homogeneously  enlarged, 
and  probably  weighing  nearly  the  same  as  the  two  normal  kidneys 
together.  The  diiferent  regions  of  the  kidney  bear  the  same  relations 
to  each  other,  each  being  enlarged  in  its  due  proportion.  The  function 
of  the  kidneys  is  also  completely  carried  out  by  the  single  one. 

It  has  been  determined  by  experiments  in  animals  that  compensatory 
hypertrophy  develops  after  excision  of  one  kidney  in  full-grown  animals, 
although  it  is  more  complete  when  the  operation  is  done  in  the  new-born. 
It  is  remarkable  hoAV  soon  after  such  excision  complete  restoration  of  the 
renal  functions  occurs,  the  secretion  of  urea  reaching  its  normal  in  one 
case  about  two  days  after  the  opera.tion,  and  the  animals  remaining  from 
the  first  apparently  unaffected  in  health. 

In  the  hypertrophied  kidney  there  is  newformation  of  tissue.  There 
is  not,  however,  a  numerical  increase  in  the  lobules  of  the  kidney,  the 
glomeruli  not  being  increased  in  number,  although  slightly  in  size.  As 
the  glomeruli  are  the  expanded  ends  of  the  tubules,  the  latter  also  are 
not  increased  in  number.  They  are  not  even  increased  greatly  in 
diameter,  and  the  newformation  seems  to  be  chiefly  an  elongation  and 
increased  convolution  of  the  tubules. 

Besides  this  form  of  compensatory  hypertrophy,  there  may  be  an 
enlargement  of  both  kidneys  in  diabetes  insipidus,  and  perhaps  also  in 
diabetes  mellitus. 

Literature. — Eosenstein,  Virch.  Arch.,  liii.,  1871;  Gudden,  ibid,  Ixvi.,  1876; 
GiuwiTZ  and  Israel,  ibid.,  Ixxvii.,  1879;  BEUirEB,  ibid.,  Ixxii.,  1878;  Go.\ts,  Pro- 
ceedings, Med.  Soe.  of  London,  vii.,  1884. 
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IV.— BRIGHT'S  DISEASE.  NEPHRITIS. 

This  is  a  subject  of  great  complexity  and  difficulty,  and  one  concern- 
ing which  differences  of  opinion  exist  on  many  points. 

We  include  under  the  designation  Bright's  disease  cases  in  which 
there  are  undoubted  inflammatory  manifestations  in  the  kidneys.  The 
domain  of  Bright's  disease,  therefore,  is  not  co-extensive  with  that  of 
albuminuria,  as  this  occurs  in  other  conditions,  such  as  amyloid  degenera- 
tion and  passive  hypersemia. 

1.  Causation. — In  studying  the  causes  of  Bright's  disease,  we  have  to 
look  for  an  irritant,  and  it  is  here  important  to  observe  in  the  first  place 
that  the  inflammatory  manifestations  occur  in  both  kidneys,  and  are 
diflFiised  over  the  length  and  breadth  of  the  organ.  These  facts  indicate 
that  the  irritant  is  carried  to  the  kidneys  by  the  blood.  As  the  blood 
is  primarily  distributed  to  the  cortex,  and  as  the  cortex  contains  the 
more  active  secreting  tissue  of  the  organ,  the  inflammatory  manifesta- 
tions occur  almost  exclusively  there. 

In  the  various  cases  of  Bright's  disease  we  do  not  find  the  various  con- 
stituents of  the  kidney  tissue  equally  engaged.  An  irritant  brought  to 
the  kidneys  by  the  blood  may  show  a  predilection  for  the  renal  epi- 
thelium on  the  one  hand,  or  the  connective  tissue  on  the  other.  It  may  be 
said,  indeed,  that  for  the  most  part  irritants  which  act  through  a  long 
period  and  with  little  intensity  produce  a  chronic  inflammation  mainly 
aS"ecting  the  connective  tissue.  On  the  other  hand,  irritants  which  act 
intensely  so  as  to  produce  acute  inflammation,  while  they  induce  the 
usual  changes  in  the  blood-vessels  which  we  have  seen  to  occur  in  acute 
inflammations,  afi'ect  mainly  the  glomeruli  and  the  epithelium  of  the 
uriniferous  tubules.  It  may  therefore  be  said  that  acute  inflammations 
are  mostly  Parenchymatous,  while  chronic  inflammations  are  mostly 
Interstitial. 

As  to  the  Nature  of  the  irritant  the  specific  poison  of  Scarlet  fever 
frequently  induces,  especially  in  children,  an  acute  inflammation.  This 
may  also  be  produced  by  the  poison  of  measles  and  other  specific  febrile 
diseases.  In  adults  the  disease  is  mostly  ascribed  to  Cold.  Dickinson 
points  out  that  cold  mostly  produces  nephritis  when  the  person  is 
exhausted  or  asleep,  and  when  the  exposure  has  occurred  immediately 
after  profuse  perspiration.  It  is  as  if,  the  functions  of  the  skin  being 
suspended,  some  deleterious  material  accumulated  in  the  blood  and 
irritated  the  kidneys.  It  appears  that  nephritis  hardly  occurs  in  persons 
exposed  to  cold  in  the  arctic  regions,  probably  because,  the  respiration 
being  more  vigorous,  the  deleterious  material  is  carried  ofi"  by  the  lungs. 
In  warm  climates  also  nephritis  is  uncommon,  probably  because  the 
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body  is  less  liable  to  sudden  exposure  to  cold  than  in  temperate 
regions. 

Chronic  nephritis  sometimes  remains  after  an  acute  attack.  For  the 
most  jDart,  however,  when  the  disease  begins  as  acute  nephritis  it  remains 
subacute  with  repeated  exacerbations,  and  the  anatomical  condition  is  a 
combination  of  that  seen  in  acute  and  chronic  Bright's  disease.  On  the 
other  hand,  in  a  large  proportion  of  cases,  the  disease  is  chronic  from 
the  outset  and  is  to  be  ascribed  to  a  cause  which  has  been  acting  Avith 
slight  intensity  for  a  long  period.  Of  all  these  causes  the  most  definitely 
determined  is  Gout.  The  pathology  of  this  disease  is  not  very  apparent, 
but  there  is  an  obvious  alteration  in  the  blood  in  consequence  of  which 
salts  of  uric  acid  are  deposited  in  certain  joints,  generally  with  signs  of 
acute  inflammation.  The  same  condition  of  the  blood  frequently  induces 
chronic  nephritis,  and  it  is  remarkable  that  when  it  attacks  the  kidneys 
it  is  less-  likely  to  affect  the  joints,  and  vice  versa.  Among  the  working 
classes  gout  largely  arises  from  chronic  Lead-poisoning  (see  statistics  in 
Dickinson's  work  on  Albuminuria),  and  in  these  cases  the  disease  is 
particularly  liable  to  attack  the  kidney,  so  much  so  that  a  large  propor- 
tion of  painters  and  others  who  work  with  lead  die  of  chronic  nephritis. 
Where  the  gout  is  due  to  the  constant  use  of  alcohol  the  disease  is  more 
liable  to  attack  the  joints. 

Chronic  nephritis  is  also  sometimes  induced  by  the  poison  of  Syphilis. 
In  this  case  it  is  apt  to  be  associated  with  amyloid  disease,  but  may  also 
occur  as  a  simple  inflammation. 

Pregnancy  not  infrequently  leads  to  a  chronic  nephritis,  in  all  prob- 
ability by  obstructing  the  vessels  of  the  Iddney  by  the  pressure  of  the 
uterus.  In  recent  cases  there  is  extreme  hypersemia  of  the  kidney,  which, 
with  repetition  of  the  cause,  may  go  on  to  assume  the  regular  characters 
of  chronic  nephritis. 

Lastly,  there  are  cases  in  which  there  is  no  special  cause  apparent, 
and  we  can  only  say  that  the  person  has  been  exposed  to  some  influence 
whose  nature  we  do  not  know.  In  many  cases  the  disease  has  been  very 
prolonged,  and  all  through,  the  actual  active  disease  at  any  particular 
time  has  been  very  slight.  With  this  very  insidious  march,  there  may 
be  the  most  serious  permanent  changes  in  the  kidneys  before  any  pro- 
minent symptoms  have  called  attention  to  these  organs. 

2.  Forms  of  Bright's  disease. — Various  subdivisions  of  Bright's 
disease  have  been  made  both  from  the  clinical  and  the  pathological  points 
of  view.  The  most  generally  accepted  division  is  into  parenchymatous 
and  interstitial  nephritis,  to  which  some  add  the  amyloid  kidney. 

Inflammations  of  the  kidney  have  similar  characters  to  those  of  other 
parts.    In  Acute  inflammations  the  vessels  are  chiefly  engaged  at  the 
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outset ;  there  is  hyperaemia  with  exudation  of  serous  fluid,  leucocytes, 
and  red  corpuscles.    These  find  their  way  into  the  tubules  and  inter- 

;  stitial  tissue,  and  appear  in  the  urine  as  albumen,  leucocytes,  and  red 

I  corpuscles.  Death  seldom  occurs  at  the  outset  of  the  attack,  and  tlic 
appearances  found  post  mortem  are  referable  rather  to  secondary  changes, 
chiefly  in  the  secreting  structures.    Hence  acute  nephritis  is  included 

1  mainly  under  parenchymatous  nephritis. 

Chronic  inflammation  in  the  kidneys,  as  elsewhere,  is  chiefly  charac- 

!  terized  by  newformation  of  connective  tissue,  and  hence  is  included,  for 
the  most  part,  under  interstitial  inflammation. 

It  is  to  be  understood,  however,  that  as  parenchymatous  and  in- 

t  terstitial  changes  are  by  no  means  mutually  exclusive,  and  indeed 
frequently  co-exist,  so  also  the  phenomena  of  acute  and  chronic  inflam- 

I  mation  are  not  limited  to  the  one  or  the  other  form. 

(a)  Parenchymatous  nephritis  {Tuhular  nephritis). — In  this  form  the 
secreting  structures  are  specially  engaged,  including  the  glomeruli  and 
tubules,  but  the  degree  in  which  these  two  constituents  are  afi"ected 
varies  somewhat,  and  an  attempt  has  been  made  to  distinguish  a  special 
subdivision,  in  which  the  glomeruli  alone  a,re  afi'ected. 

Parenchymatous  nephritis  is,  at  the  outset,  usually  acute,  and  it 
nearly  corresponds  with  the  clinical  group,  acute  nephritis,  in  which  the 
urine  is  scanty,  highly  albuminous  and  frequently  bloody,  and  in  which 
general  oedema  is  a 
characteristic  feature. 
But  acute  nephritis  fre- 
quently subsides  into 
a  sub-acute  or  chronic 
stage,  and  in  these, 
while  the  parenchyma- 
tous changes  are  still 
prominent,  there  are 
superadded    some  of 
the  lesions  of  intersti- 
tial nephritis. 

The  Glomeruli  show 
various  changes.  In 
some  cases  of  scarlet 
fever  there  is  in  the 
glomerulus  and  around  "''^x''!: 
it  a  great  exudation  of 
leucocytes,  which  may  fill  the  capsule  and  crush  the  tuft  so  as  to  conceal 
it  (Fig.  303).  The  leucocytes  also  over-run  the  neighbouring  interstitial 


Fifr.  ;i03. — Glomerulo-MCiilivitis  from  a  caso  of  scarlet  fever. 
The  Malpiifhian  tuft  in  tlie  middle  of  the  figure  is  crowded  with 
round  cells,  whicli  are  also  present  very  abundantly  in  the  inter- 
ico  between  the  tubules,  whose  epithelium  is 
300. 
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tissue  to  a  considerable  extent,  and  the  conditions  may  approach  to 
those  in  septic  nejjhritis.  There  may  indeed  be  a  septic  element  in 
many  cases  of  scarlatinal  nephritis  (see  below). 

A  much  more  frequent  aflfection  of  the  glomeruli,  and  one  which 
occurs  not  only  in  scarlatina  but  in  most  forms  of  acute  and  subacute 
nephritis,  is  that  in  which  the  Epithelium  is  specially  involved.  There 

may  be  merely  an  en- 
largement of  the  epi- 
thelium, so  that,  instead 
of  a  thin  layer  which  is 
usually  invisible,  it  may 
form  a  distinct  row  of 
cells  inside  the  capsule 
(Fig.  304).  In  many 
cases  the  epithelium 
multiplies  and  accumu- 
lates inside  the  capsule 
(Fig.  305),  and  the  cells 
sometimes  take  on  a 
stratified  arrangement 
which  has  suggested  to 
some  authors  that  con- 
nective tissue  is  formed 
inside  the  glomerulus. 
In  addition  to  this  there  is  very  commonly  in  acute  nephritis  Haemor- 


Fig.  306.— Gloinorulo-ncphritis  in  scarlet  fever.  The  epitlielium  lining 
the  capsule  is  greatly  increased  so  as  to  crush  the  tuft.    X  350. 


rhage  from  the  glomeruli.    Blood  is  usually  present  in  the  convoluted 


Fig.  304. — G'lomerulo-nephritis  in  scarlet  fever.  The  epi- 
thelium lining  the  capsule  is  unduly  large  and  abundant. 
X  350. 
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tubiilcs,  either  fresh  or  altered,  this  being  generally  indicated  to  the 

I  naked  eye  on  examining  the  surface  of  the  kidney  after  removal  of  the 

.  capsule  by  the  presence  of  red  or 

'  bromi  patches.    By  the  aid  of  a 

'  lens  these  can  often  be  resolved 

:  into  a  coil  of  convoluted  tubules 

'  filled  with  blood.    This  is  still 

1  more  evident  under  the  micro- 

:  scope,  the  tubules  being  visibly 

I  occupied  by  red  corpuscles  as  in 
Fig.  306,  or  by  brown  matter  re- 
presenting old  and  altered  blood,  corpuscle?.  TI.e  epithelium  is  flattened  against  the 

'  The  blood  comes  from  the  glo- 
meruli,  and  it  is  often  possible,  as  in  Fig.  307,  to  find  glomeruli  with 
blood  inside  the  capsule  as  well  as  in  neighbouring  tubules. 


Fig.  307. — Hieraorrhage  from  a  Malpigliiiui  tuft  iu  a  case  of  scarlet  fever.  «, 
tuft ;  b,  bloorl  between  tuft  and  capsule  ;  c,  blood  in  uriniferous  tubule  extending 
from  tuft.    X  330. 


Scarlatinal  nephritis  is  usually  characterized  by  such  special  changes  in  the  glom- 
eruh  that  the  term  Glomerulo-nephritis  has  been  employed  by  Klebs  to  designate 
this  and  other  forms  in  which  the  glomeruli  are  specially  affected.  In  some  cases 
of  scarlatinal  dropsy  the  kidneys  are,  to  the  naked  eye,  scarcely  at  all  altered, 
although  the  patient  may  have  died  with  symptoms  of  uricmia.  The  glomeruli  may 
be  visible  on  section  as  red  spots,  and  there  may  be  evidences  of  hicmorrhage  but 
otherwise  nothing  abnormal.  On  microscopic  examination,  however,  there  will  be 
the  marked  changes  in  the  glomeruli  described  above.  These  lesions  will  seriously 
interfere  with  the  function  of  the  tuft.    Any  accumulation  within  the  capsule  will 


Pig.  30(J. — A  coil  of  tubules  distended  with  blood 
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compress  the  vessels  and  prevent  the  transudation  of  the  water  and  other  constituents. 
There  may  thus  be  a  suppression  of  urine  from  glomerulo-nephritis. 

But  all  cases  of  scarlatinal  nephritis  have  not  these  characters;  on  the  contrarj- 
the  kidneys  may  be  greatly  enlarged,  and  present  the  appearances  of  the  large  white  ■ 
kidney.  In  a  case  observed  by  the  author  in  which  the  patient  died  on  the  ninth 
day  after  the  onset  of  the  fever  the  kidney  was  much  enlarged,  and  there  was  a 
general  infiltration,  not  only  of  the  glomeruli,  but  of  the  whole  cortex  with 
leucocytes.    It  is  from  this  case  that  Fig.  302  is  taken. 

In  addition  to  these  changes,  Klein,  while  confirming  the  observations  of  Klebs  as 
to  the  changes  in  the  glomeruli,  described  minute  changes  in  the  afferent  arterioles. 
These  consist  of  swelling  of  the  walls  with  contraction  of  the  lumen,  due  to  prolifera- 
tion of  the  muscular  and  endothelial  coats,  and  a  hyaline  change  in  the  wall. 

It  is  apparent  that  the  conditions  in  the  kidneys  in  scarlet  fever  are  somewhat 
various,  and  are  not  all  to  be  ascribed  to  the  same  cause.  From  the  great  frequency  of 
the  glomerulo-nephritis,  which  is  present  even  in  the  first  week  of  the  illness,  it  may . 
be  inferred  that  it  is  due  to  the  specific  poison  of  scarlatina,  which  has  a  special 
affinity  for  these  structures.  But  in  scarlatina  the  condition  of  the  throat  allows  of 
the  absorption  of  septic  microbes.  Micrococci  have  been  frequently  found  (by  the 
author  and  others)  in  the  kidneys  both  in  scarlet  fever  and  diphtheria,  and  certain 
of  the  forms  of  nephritis  are  probably  septic.  The  large  kidney  with  abimdant  in- 
filtration with  leucocytes  is  probably  of  this  nature.  (See  further  in  papers  by  Crooke.) 

The  uriniferous  tubules  show  very  marked  changes  in  parenchymatous  ■ 
nei^hritis.    The  changes  consist  in  the  first  place  in  cloudy  swelling- of 
the  epithelium  with  a  tendency  for  the  cells  to  become  loosened  and 
shed.  The  enlargement  of  the  epithelium,  occurring  mainly  in  the  cortical  i 
tubules,  causes  the  latter,  under  the  microscope,  to  present  a  strikingly 
prominent  appearance.    There  are  also  parts  in  which  the  desquamated 
epithelium  distends  or  chokes  the  tubules.    Fatty  degeneration  soon  . 
aflfects  the  epithelium,  and  it  is  often  present  in  a  very  high  degree.  It 
does  not  affect  the  epithelium  uniformly,  but  at  intervals  there  is  a  coil  1 

of  tubules  with  the  epithelium 
~  highly  fatty  (see  Fig.  308).    The  • 

fatty  epithelium  may  be  dislodged  I 
and  packed  into  further  parts  of 
the  tube,  as  into  the  loops  of  Henle, 
so  that  one  often  sees  a  straight 
tubule  occupied  by  fatty  epithe- 
lium. 

Blood  is  not  uncommonly  pre- 
sent in  the  form  of  fresh  red  cor- 
puscles or  a  brown  granular  debris. 
This  also,  although  chiefly  in  the 

Fiir.  308.— UriniforoiLS  tubules  with  fatty  epi-  convoluted  tubulcS  (SCQ  above)  niaV 
thellum,  some  of  it  sued  into  tlio  calibre.  .  ^ . 

extend  into  the  straight  ones. 
Tube-casts  are  present  in  the  form  usually  of  translucent  hyaline 
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cylinders  in  the  calibre  of  the  tube.  They  ai^e  contained  both  in  the 
convoluted  and  straight  tubules,  and  they  may  be  abundant  in  the 
pyramids. 

As  the  case  becomes  more  chronic  the  tubules  are  liable  to  consider- 
able distortion,  chiefly  from  the  occurrence  of  interstitial  changes. 
There  may  be  irregular  dilatations  and  contractions  of  the  tubules,  but 
the  fatty  condition  of  the  epithelium  remains  prominent. 

The  interstitial  tissue  in  subacute  and  chronic  cases  shows  marked 
changes.  Even  in  the  acute  stage  there  may  be  considerable  infiltration 
with  leucocytes.  As  the  inflammation  is  prolonged,  however,  there  is 
newformation  of  connective  tissue  and  that  special  thickening  of  the 
capsule  of  the  glomerulus,  which  is  a  prominent  feature  in  interstitial 
nephritis.  As  this  process  goes  on  it  produces  distortion  of  the  secret- 
ing tissue  and  irregularity  of  the  surface  of  the  kidney. 

The  naked-eye  appearances  in  parenchymatous  nephritis.— If  the  in- 
flammation be  mainly  glomerular  the  general  appearance  of  the  kidney 
may  be  little  altered  (see  above). 

As  a  general  rule  in  acute  nephritis  the  organ  is  found  enlarged,  and 
it  may  be  more  than  twice  its  normal  size.  The  capsule  is  easily  removed 
and  the  surface  of  the  organ  has  a  generally  reddish  colour  from  injec- 
tion of  the  vessels.  Small  red  or  brow  areas  are  generally  visible  on 
close  inspection,  these  being  from  haemorrhages  into  the  tubules.  There 
are  also  opaque  yellow  patches  usually  visible,  from  fatty  degeneration  of 
the  epithelium.  On  section  the  cortex  is  seen  to  be  swollen  and  thicker 
than  normal,  and  the  htemorrhages  and  fatty  tubules  will  be  visible  as 
miniite  red  and  yellow  markings.  The  latter  especially  produce  a  marked 
mottling  of  the  cut  surface  in  the  cortex,  and  there  are  often  elongated 
yellow  streaks  from  fat  in  the  straight  tubules.  The  cortex,  however, 
is  usually  pale  as  a  whole  as  compared  with  the  pyramids. 

The  Large  white  kidney  is  a  further  stage  of  parenchymatous  nephi-itis. 
It  represents  a  certain  prolongation  of  the  condition  with  partial  sub- 
sidence of  the  inflammation  into  a  subacute  stage.  The  patient  has 
been  subject  for  months  or  years  to  intermitting  attacks  of  dropsy  with 
scanty  albuminous  urine.  The  kidney  is  large,  and  on  the  surface  has 
a  generally  pale  appearance,  with  little  or  no  irregularity.  The  capsule 
is  non-adherent.  On  section  the  cortex  is  seen  to  be  bulky  and  pale. 
On  close  examination  of  the  surface  and  of  the  cortex  it  is  seen  that, 
besides  the  general  paleness,  there  is  an  opaque  mottling,  reiDresenting 
a  fatty  condition  of  the  epithelium.  In  this  form  there  is  considerable 
interstitial  newformation  of  connective  tissue,  and,  it  may  be,  sclerosis  of 
the  glomeruli. 
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It  is  proper  to  mention  that  the  naked-eye  appearances  of  the  large  white  kidne.\ 
maybe  imitated  by  amyloid  disease,  where  there  is  also  usually  some  fatty  mottlinj;, 
and  by  septic  nephritis,  where  there  is  a  general  infiltration  of  leucocytes. 

The  contracted  fatty  kidney  represents  the  latest  stages  of  parenchy- 
matous nephritis.  The  organ  may  be  greatly  reduced  in  size,  so  as  to 
weigh  only  2  or  2J  ounces.  It  is  somewhat  irregular  on  the  surface, 
but  the  appearance  is  rather  of  smooth  rounded  elevations  than  of  granu 
lations.  The  Iddney  is  soft  and  flabby  in  consistence,  and  the  capsule  if^ 
usually  non-adherent.  It  is  generally  pale  and  presents  in  addition  ;i 
well-marked  fatty  mottling  in  the  cortex  and  on  the  surface.  The  shrink- 
ing here  is  chiefly  in  the  cortex,  which  may  be  very  thin.  The  tubules 
are  partly  atrophied  but  partly  dilated,  and  in  the  latter  case  their  epi- 
thelium is  usually  fatty.  The  shrinking  of  the  tissue  brings  the  glom- 
eruli close  together  and  they  often  show  marked  sclerosis. 

(b)  Interstitial  nephritis  (Granular  contracted  kidney,  Cirrhosis  of  tin 
kidney). — ^This  form  of  nephritis  is  for  the  most  part  chronic  throughout, 
although  sometimes  an  acute  nephritis  may  pass  into  it,  and  it  may 
even  ensue  on  a  scarlatinal  nephritis.  It  is  chiefly  characterized  by 
changes  in  the  interstitial  connective  tissue,  but  there  are  also  lesions 
in  the  glomeruli,  blood-vessels,  and  tubules.  Weigert  suggests  that 
the  primary  changes  here  may  be  in  the  secreting  structures,  the 
afi'ection  of  the  interstitial  tissue  being  secondary. 

The  interstitial  tissue  is  the  seat  of  an  infiltration  of  round  cells, 
which  is  not  uniform;  it  frequently  occurs  in  wedge-shaped  areas 
having  their  base  at  the  periphery,  and  corresponding  mth  the  regions 
of  convoluted  tubules,  but  also  in  less  definite  areas  in  the  midst  of  the 
cortex.  The  round  cells  go  on  to  the  formation  of  spindle  cells  and 
connective  tissue  so  that  the  intertubular  substance  is  increased  by  the 
newformation  of  a  dense  fibrous  tissue  such  as  commonly  results  fi'om 
chronic  inflammation.  The  shrinking  connective  tissue  causes  dwarfing 
of  the  tubules,  which  in  the  areas  involved  are  reduced  in  diameter  and 
contain  small  stunted  epithelium. 

The  new-formed  tissue  of  the  cortex  is  continuous  with  the  capsule 
and  renders  this  adherent,  so  that  commonly  it  is  impossible  to  remove 
it  \vithout  tearing  the  kidney  tissue. 

The  glomeruli  are  strikingly  altered.  The  first  change  is  a  thicken- 
ing of  the  capsule  (Fig.  309  a),  which  forms  concentric  fibrous  layers. 
The  tuft  of  vessels  is  subsequently  occluded  and  converted  into  a 
dense  homogeneous  nodule.  In  this  way  the  glomerulus  is  greatly 
contracted,  being  often  reduced  to  less  than  half  its  normal  size,  and 
is  represented  by  a  solid  white  glancing  nodule  in  which  can  still  be 
recognized,  as  a  rule,  the  thickened  capsule  presenting  its  concentric 
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fibrous  appearance,  and  the  central  more  homogeneous  remains  of  the 
vessels  (see  figure).  This 
condition  is  commonly- 
called  Sclerosis  of  the 
glomeruli,  and  the  result- 
ing   appearance   is  very 

I  striking,  especially  as,  with 
the  atrophy  of  the  tubules, 
the  altered  glomeruli  are 
commonly  brought  close 

I  together. 

The  Blood-vessels  take 

il  part  in  the  inflammation, 

<  especially  the  Arteries. 
Their  external  coat,  bein-^ 

(  continuous  ^vith.  the  inter-  ^^S-  309.— interstitial  nephritis.     Sclerosis  of  glomer- 

.       ...         ,  a,  thickened  capsule;  b,  condensed  vessels  of  tuft; 

.•  Stltial  tissue,  is  thickened  abundant  round  ceUs  in  interstitial  tissue ;  c,  dwarfed 

1            -,1           T       ■,      .  tubules  remaining,    x  350. 

i  along  with  it.    In  addition 

t  to  that,  however,  the  internal  coat  is  usually  very  markedly  thickened 
'  (see  Fig.  170,  p.  412).  This  thickening  of  the  internal  coat,  which  has 
:  the  characters  of  Endarteritis  obliterans,  aflFects  chiefly  the  ascending 
I  and  afi-erent  arteries  of  the  cortex,  but  may  also  be  present  in  the 
!  larger  arteries  between  cortex  and  pyramids.  It  is  sometimes  so  great 
as  almost  to  amount  to  obliteration  of  the  arteries. 

It  may  be  a  question  to  what  extent  some  of  the  other  lesions  are  due  to  this 
■  narrowing  of  the  arteries.    We  shall  see  further  on  that  a  primary  obstruction  of 

the  arteries  may  lead  to  atrophy  of  the  tissue  and  sclerosis  of  the  glomeruU,  and, 
I  according  to  Leyden,  the  lesions  in  the  kidneys  produced  by  lead-poisoning  are  due  to  a 

primary  narrowing  of  the  arteries.  It  may  be  said,  however,  in  general  that  when 
.atrophy  is  due  to  a  primary  endarteritis  the  affection  is  localized  according  to  the 
i  accidental  distribution  of  the  arterial  affection,  whereas  in  interstitial  nephritis  the 
I  affection  altogether  is  diffused. 

The  capillaries  of  the  cortex  are  largely  obliterated  by  the  shrinking 
connective  tissue. 

The  uriniferous  tubules  undergo  alterations  which  are  secondary  to 
those  in  the  interstitial  tissue.  In  the  areas  in  which  contraction  has 
occurred  the  tubules  are  separated  by  round-celled  tissue  or  connective 
^tissue  and  are  dwarfed  (Fig.  309).  In  intermediate  parts,  on  the 
other  hand,  they  are  frequently  dilated,  there  being  here  a  land  of 
complementary  dilatation.  There  is  thus  frequently  visible  a  group  of 
dilated  and  convoluted  tubules  (Fig.  310  h).  The  loops  of  Henlo  are 
also  dilated,  and  by  the  shrinking  of  the  cortex  may  be  doubled  up  and 
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rendered  tortuous  (Fig.  310  c).    The  epithelium  in  the  dilated  tubules  is  ' 

frequently  fatty.  Tube 
casts  are  also  present 
in  the  tubules  and  they 
may  be  very  abundant. 
They  are  usually  hyaline 
in  appearance  and  are 
occasionally  present  in 
the  tubules  both  of  cor- 
tex and  pyramids. 

Cysts  are  of  very 
frequent  occurrence  in 
the  contracted  kidney. 
They  arise  mainly  from 
the  tubules  by  stiU 
further  dilatation,  and 
they  very  commonly  lie 
together,  sometimes  in 
rows,  as  if  from  the 
crushing  together  and 
obstriiction  of  a  single  ■ 
tubule.       Cysts    also  • 

Fig.  310.— Section  of  contracted  kidney  witb  a  very  low  mag-  „™-„p  onmptiTTlPS  from  the 

nifying  power.    (This  should  be  compared  with  Fig.  299,  p.  801,  ^rise  SOmeumeS  II  om  Lue 

similarly  magnified.)   a,  medullary  raj's ;     convoluted  tubules  o-lomei'uli  bv  aCCUmula- 

crushed  together  and  dilated ;  c,  region  of  arterise  rectse  and  &  '  J 

loops  of  Henle,  the  latter  dilated  and  forming  cysts ;  d,  large  ^^qj^         fl^id  insidc  the 
artery  between  pyramid  and  cortex,  showing  endartei-itis 

obliterans;  the  space  between  this  and  surface  represents  the  capsule.    All  thcse  CVStS  ■ 
cortex,  and  may  be  compared  with  similar  space  in  figure  299 ;       I^  •  x- 

e,  glomeruli,  closely  set  and  contracted,  they  also  present  a  a^jge   Ijy  obstruction  01 
white  homogeneous  appearance  ;  /,  capsule,    x  12.  i     .  i 

the  tubules,  and  the  • 
usual  contents  are  a  watery  fluid,  but  sometimes  colloid  matter  is  con-  • 
tained  in  them,  apparently  arising  by  secretion  from  or  transformation  i 
of  the  epithelium.  In  nearly  all  cases  there  are  cysts  visible  to  the  ■ 
naked  eye,  and  they  are  frequently  so  visible  in  large  numbers.  But 
many  of  them  are  microscopic  in  size. 

By  these  processes  great  dislocation  of  the  kidney  tissue  results,  so ) 
that,  instead  of  the  perfectly  regular  arrangement  of  the  normal  kidney  i 
such  as  is  shown  in  Fig.  299,  p.  801,  there  is  at  once  great  shrinking; 
and  great  distortion,  as  shown  in  Fig.  310  (drawn  by  the  same  apparatusf" 
and  similarly  magnified). 

Naked-eye  appearances. — The  granular  contracted  kidney  is  usually; 
small,  dense,  and  tough.  There  may  be  in  the  early  stages  some, 
enlargement,  and  a  condition  designated  largo  red  Iddney  has  beeni 
described.    The  reduction  in  size  varies  greatly ;  in  the  most  extreme 
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degree  the  kidney  weighs  about  two  ounces.  The  kidney  feels  dense, 
and  on  section  it  is  found  to  be  tough.  The  capsule  is  firmly  adherent  so 
that  on  removing  it  little  bits  of  tissue  come  off  with  it.  The  surface 
has  a  general  red  colour,  and  is  almost  homogeneously  granular, 
f  he  prominent  parts  represent  the  less  shrunken  portions,  and  there 
may  be  some  opaque  markings  from  fat  in  them. 

On  the  cut  surface  the  regular  normal  appearance  is  greatly  altered. 
The  cortex  is  greatly  thinned,  sometimes  forming  only  a  thin  rind, 
scarcely  more  than  a  twelfth  of  an  inch  in  thickness,  between  the  bases 
of  the  pyramids  and  the  surface.  The  cortex  has  lost  all  its  normal 
markings,  and  it  is  indefinitely  demarcated  from  the  bases  of  the 
pyramids.  These  changes  may  be  partly  ajopreciated  by  comparing 
Figs.  299  and  310,  where  d  represents  in  both  figures  the  vessels  at  the 
bases  of  the  pyramids,  and  the  cortex  is  the  part  between  them  and  the 
surface.    Cysts  are  also  visible  on  examining  the  surface. 

3.  Character  and  origin  of  tube  casts. — It  has  been  pointed  out  that 
tube  casts  are  usually  present  in  Bright's  disease,  whatever  the  form  or 
stage,  and  they  are  known  to  afford  important  indications  in  the  urine 
passed  by  patients  affected  by  this  disease.  But  they  exist  in  other  con- 
ditions besides  Bright's  disease.  They  are  not  infrec^uently  present  in 
passive  hypersemia  of  the  kidney,  and  are  seen  also  in  simple  atrophic 
conditions. 

They  form  cylindrical  casts  of  the  tubules,  composed  of  a  clear  translu- 
cent hyaline  substance,  which,  however,  may  contain  in  its  substance,  epi- 
thelium, fat,  blood,  and  other  matters  which  are  jaresent  in  the  tubules, 
so  that  we  may  have  hyaline,  epithelial,  granular,  fatty,  or  blood 
casts,  all  of  which  may  be  found  in  the  urine. 

The  tube  casts  are  for  the  most  part  clue  to  exudation  from  the 
glomeruli.  They  usually  coincide  with  the  occurrence  of  albumen  in 
the  urine,  and  they  probably  arise  chiefly  by  coagulation  of  the  serum- 
albumen  which  has  transuded  into  the  tubules.  They  are  sometimes 
called  fibrine  cylinders,  and  their  discoverer,  Henle,  regarded  them  as 
composed  of  fibrine.  But  they  do  not  conform  to  the  characters  of 
fibrine,  and  as  they  occur  in  cases  in  which  there  is  little  or  no  inflam- 
mation they  can  hardly  represent  a  fibrinous  exudation. 

Besides  this  origin  they  may  be  derived  from  the  epithelium  of  the 
tubules,  either  by  a  kind  of  secretion  from  the  epithelium  or  by  a 
colloid  transformation. 

The  tube  casts  which  pass  into  the  urine  come  chiefly  from  the 
straight  tubules,  including  the  loops  of  Henle.  Those  from  the  convolu- 
ted tubules,  being  thicker  and  having  to  jDass  the  narrow  loop,  are  less. 
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likely  to  be  carried  outwards,  although  being  soft  and  plastic  they  may 
accommodate  themselves  and  so  pass  outwards. 

4.  Other  phenomena  and  consequences  of  Blight's  disease.— Of  the 

remaining  phenomena  of  Bright's  disease  we  have  here  to  consider, 
albuminuria,  vascular  changes  outside  the  kidney,  uraemia  and  anasarca. 

(a)  Albuminuria. — By  this  term  is  meant  the  escape  of  the  serum- 
albumen  along  with  the  water  of  the  blood,  which  no  doubt  occurs  at 
the  glomerulus.  The  albumen  probably  undergoes  some  changes  after 
or  during  its  passage  (Kirk). 

Albuminuria  is  a  nearly  constant  symptom  of  Bright's  disease  but  it 
is  also  met  with  in  other  forms  of  nephritis,  in  passive  hypersemia  of  the 
kidney,  in  amyloid  disease,  and  in  some  acute  fevers.  Albumen  is  found 
even  in  small  quantities  in  the  urine  of  some  persons  apparently  healthy, 
so  that  a  condition  of  so-called  Physiological  albuminuria  has  been 
distinguished.  There  are,  however,  in  such  cases  only  slight  traces,  and 
the  presumption  is  that  some  distui-bance  actually  exists  in  the  kidneys 
in  all  cases  of  albuminuria.  It  is  clear  from  the  variety  of  conditions 
which  may  lead  to  it  that  a  comparatively  slight  derangement  is 
suiiicient  to  cause  it. 

The  water  of  the  urine  is  eliminated  mainly  at  the  glomeruli  by  a 
process  which  has  been  compared  to  filtration.  If  it  were  a  simple 
filtration,  albumen  would  be  present,  and  some  observers  have  supposed 
that  albumen  does  pass  through,  to  be  reabsorbed  by  the  epithelium  of 
the  uriniferous  tubules.  It  is  generally  acknowledged  that  water  is  re- 
absorbed in  the  tubules  and  that  the  urine  is  thus  concentrated,  but  the 
reabsorption  of  albumen  is  much  more  problematical.  Such  a  hypothesis 
would  imply  that  the  appearance  of  albumen  in  the  urine  was  due  to 
the  failure  of  the  epithelium  to  absorb,  and  we  should  expect  it  to  be 
associated  with  an  excess  of  water.  Precisely  the  opposite  is  in  general 
the  case,  and  albumen  is  more  frequent  in  concentrated  than  in 
dilute  urine.  Moreover  it  is  in  acute  nephritis,  in  which  the  epithelium 
is  swollen  and  granular  from  absorption  of  albumen,  that  albimien  is 
most  abundant  in  the  urine. 

The  truth  seems  to  be  that  the  process  in  the  glomeruli  is  not  a 
simple  filtration,  but  a  transudation  through  a  living  membrane  of  com- 
plicated structure.  Wherever  such  transudations  occur  in  the  living 
body  there  is  some  selection  of  the  constituents  which  are  allowed  to 
pass,  and  although  the  transudation  fluids  are  albuminous  they  are  so  in 
very  varying  degrees.  Thus  the  percentage  of  albumen  in  cerebro- 
spinal transudations  is  about  1-5  per  cent.,  whereas  in  the  peritoneum 
and  pleura  it  may  be  five  or  ten  times  as  great  (see  p.  91).  The 
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glomerulus  is  as  much  like  a  secreting  or  glandular  organ  as  a  simple 
filter.  The  water  in  passing  out  has  to  penetrate  the  walls  of  the  vessels 
and  then  a  layer  of  epithelium.  The  capillary  A^essels  themselves  are 
highly  cellular,  being  very  abundantly  nucleated,  and  the  epithelium 
clothes  the  tuft  completely  (Heidenhain).  These  structures  exercise  a 
selection  in  allowing  the  passage  of  the  constituents  of  the  blood,  giving 
transit  especially  to  water  and  salts.  It  is  a  very  interesting  fact,  and 
one  entirely  confirmatory  of  this  view,  that  while  serum-albumen 
is  retained,  egg-albumen  when  injected  into  the  blood  of  animals  is 
passed  into  the  urine.    (Stokvis  and  others). 

Any  derangement  of  the  delicate  glomerulus  is  likely  to  allow  of  the 
passage  of  albumen.  Inflammation  ^vill  injure  it  most  directly, 
especially  if  the  glomeruli  themselves  are  specially  affected.  Hence  in 
glomerulo-nephritis,  while  there  may  be  very  little  water  elimin- 
ated, any  urine  passed  is  rich  in  albumen.  Amyloid  disease  also  aff'ects 
the  tufts  specially,  and  the  urine,  while  abundant,  usually  contains 
considerable  quantities  of  albumen.  In  chronic  interstitial  nephritis 
the  tufts  of  vessels  are  not  primarily  attacked,  and  they  are  affected 
chiefly  in  the  direction  of  occlusion.  In  this  form  there  may  be  little 
or  no  albumen  in  the  urine  although  the  water  is  abundant.  This 
latter  fact  is  to  be  related  to  the  atrophy  of  the  tubules,  which  are 
unable  to  reabsorb  sufficiently  the  excess  of  water  passed,  and  also  to  an 
increase  of  blood-pressure  in  the  vessels  of  the  glomerulus  which  is 
characteristic  of  this  disease.  In  passive  hyperijemia,  when  prolonged 
and  considerable,  there  is  also  liable  to  be  damage  to  the  kidney 
structures,  just  as,  in  other  situations,  catarrhs  and  cedemas  are  liable  to 
result  under  similar  circumstances. 

It  is  not  improbable  that  albumen  may  reach  the  urine  from  other 
sources  than  the  glomeruli.  The  arterias  rectse  of  the  pyramids  occupy 
a  somewhat  similar  position  in  the  vascular  system  to  that  of  the 
glomeruli.  They  come  off"  to  a  large  extent  directly  from  the  larger 
arteries,  and  the  blood  after  leaving  them  also  passes  into  capillaries. 
It  is  noticeable  also  that  they  and  the  glomeruli  are  the  structures  first 
and  chiefly  aff"ected  by  amyloid  disease.  It  is  not  improbable  that  in 
inflammations,  in  passive  hypersemia,  and  in  amyloid  disease  there  may 
be  considerable  transudation  of  serous  fluid  from  these  vessels,  which 
may  find  its  way  into  the  urinifcrous  tubules. 

(b)  TJrsBmia.— This  name  is  applied  to  a  group  of  symptoms,  the 
princii)al  of  which  are  vomiting,  sleepiness,  headache,  convulsions,  and 
coma,  which  occur  in  cases  of  Bright's  disease  when  the  excretion  of 
the  essential  urinary  constituents  is  diminished.  It  may  occur  when, 
from  any  cause,  these  constituents  are  retained  in  the  blood,  and  hence 
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Other  conditions  besides  Bright's  disease  may  induce  it.  The  retention  of 
urine  may  be,  as  in  Brigbt's  disease,  due  to  lesions  of  the  secreting  appara- 
tus, or  it  may  be  due  to  an  obstruction  in  the  outflow.  According  to 
Koberts  the  symptoms  are  different  in  the  latter  case,  as  if,  when  the 
kidney  is  healthy  and  secretes  urine  which  is  reabsorbed,  the  results 
were  different  from  those  which  ensue  when  the  original  secretion  or 
elimination  is  defective.  There  is  thus  distinguished  an  Obstructive 
and  a  Non-obstructive  suppression  of  urine. 

The  urinary  constituents  retained  in  the  blood  act  as  poisons,  but 
it  has  been  found  impossible  to  discriminate  amongst  the  various 
symptoms  as  to  how  they  are  related  to  the  various  constituents,  the 
chief  of  which  are  urea,  creatine,  and  creatinine.  Urea  at  least  is  by  no 
means  a  vigorous  poison,  and  it  is  only  when  in  great  excess  that 
ursemic  symptoms  are  produced.  The  presence  of  urea  is  often  detect- 
able in  the  blood  and  secretions  of  ursemic  patients. 

Considerable  doubt  was  at  one  time  thrown  on  the  view  that  the  symptoms  of 
urtemia  were  due  to  poisoning  by  the  urinary  constituents.  The  mjection  of  urea  or 
urine  into  the  blood  of  animals,  or  the  ingestion  of  urea  with  the  food,  failed  to  pro- 
duce the  symptoms,  leading  only  to  an  excessive  secretion  of  urine.  Two  theories 
were  devised  to  account  for  these  apparent  discrepancies.  The  theory  of  Traube, 
that  the  symptoms  are  due  to  oedema  of  the  brain,  is  not  now  accepted.  Nor  is  that 
of  Frerichs,  according  to  which  it  is  not  the  urinary  constituents  themselves,  but  the 
products  of  their  decomposition,  chiefly  carbonate  of  ammonia,  which  act  as  poisons. 
Chemical  investigation  shows  that  there  is  no  excess  of  carbonate  of  ammonia  in  the 
blood  in  urajmia,  and  experiment  indicates  that  carbonate  of  ammonia  when  intro- 
duced into  the  blood  produces  symptoms  different  from  those  of  ura;mia. 

It  is  the  accumulation  of  the  constituents  in  the  blood  which  produces,  after  a 
time,  an  intolerance  of  them.  If,  besides  mjecting  urine  mto  the  blood  in  animals, 
the  ureters  be  ligatured,  then  the  symptoms  of  urajmia  rapidly  manifest  themselves. 

Defective  elimination  of  urea  and  the  other  constituents  occurs  most 
frequently  in  acute  Bright's  disease,  where  the  amount  of  urine  is  ■ 
usually  defective.  But  it  also  occurs  commonly  in  advanced  cases  of 
chronic  nephritis  where  the  secreting  structures  are  greatly  atrophied. 
In  these  cases  there  may  be  excessive  secretion  of  urine,  which,  however, 
is  so  deficient  in  urea  that  the  total  amount  falls  far  below  the 
normal.  There  is,  however,  usually  a  reduction  in  the  aimount  oft 
urine  before  the  uraemic  symptoms  develop. 

(c)  (Edema  and  Dropsy.— These  conditions  frequently  occur  in  Bright's 
disease,  especially  in  acute  and  subacute  cases.  They  have  already 
been  considered  in  an  earlier  part  of  this  work  (see  p.  89).  The  fre- 
quent oedema  of  the  skin  is  related,  on  the  one  hand,  to  the  excess  of  f 
■  water  retained  in  the  blood,  and,  on  the  other,  to  the  irritation  of  the 
.skin  by  the  abnormal  constitution  of  the  blood.  The  irritant  which 
acts  on  the  kidneys  Avill  also  act  on  the  skin. 
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((/)  Changes  in  heart  and  arteries.    Increased  arterial  tension. — 

The  nature  of  these  changes  and  their  relation  to  the  affection  of  the 
<  kidney  have  been  the  subject  of  much  discussion. 

Hypertrophy  of  the  left  ventricle  of  the  heart  is  one  of  the  com- 
:  monest  results  of  Bright's  disease.  It  occurs  in  subacute  and  chronic 
.  cases,  and  is  much  less  common  in  parenchymatous  than  in  interstitial 

■  nephritis.  When  it  occurs  in  the  former  there  is  always  some  inter- 
^stitial  newformation.  Other  lesions  of  the  kidney  lead  to  it  besides 
I  Bright's  disease.  Hydronephrosis  with  atrophy  of  the  kidney  tissue 
L  has  repeatedly  been  observed  to  lead  to  it.  Dickinson  records  a  case 
i:  in  which  a  stone  in  the  pelvis  of  the  kidney  produced  contraction  of  the 

kidney  and  led  to  hypertrophy  of  the  left  ventricle.  It  may  result  from 
[partial  atrophy  of  the  kidney  from  arterio-sclerosis,  as  in  two  cases 

■  observed  by  the  author.  Again,  it  has  been  produced  in  animals  by 
inducing  in  them  an  indurative  nephritis,  which  was  done  by  ligaturing 

■  the  renal  artery  for  an  hour  and  a  half  to  two  hours  and  then  letting 
1  it  go. 

It  is  obvious  from  these  observations  that  the  hypertrophy  of  the 
heart  is  related  in  its  causation  to  the  lesions  in  the  kidney,  and  it  may 
'  be  said  generally  that  whenever  there  is  considerable  vascular  obstruc- 
:  tion  in  the  kidneys  hypertrophy  of  the  heart  is  liable  to  occur,  unless 
t  the  health  of  the  patient  be  too  low  to  allow  of  such  a  formative  pro- 
(  cess.  It  is  not  usually  marked  in  amyloid  disease  of  the  kidney,  as  the 
;  amyloid  condition  frequently  depends  on  lesions  which  seriously  injure 
'  the  health,  and  it  is  not  nearly  so  common  in  parenchymatous  as  in 
i  interstitial  nephritis,  for  the  double  reason  that  the  vascular  disturbance 
i  is  much  less,  and  the  interference  "with  the  general  health  greater  in  the 

■  former  than  in  the  latter. 

The  changes  in  the  arteries  throughout  the  body  consist  in  thickenings 
of  their  coats.   This  has  been  variously  described  as  a  thickening  of  the 


(iftyCftj^e^bie)  /80  dt'a^is. 

Fiff.       — Arteries  of  the  pia  miitor  in  ease  of  granular  kidney  and  in  health.    In  the 
former  the  middle  coat  and,  to  some  extent,  the  external  are  thickened.  (Uickinson.) 

'  external  coat  mainly,  an  Arterio-capillary  fibrosis,  or  a  thickening  of  the 
'  xniddle  coat,  but  it  really  consists  for  the  most  part  of  a  general  thicken- 
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ing,  as  shown  in  Fig.  311,  involving  both  coats.  It  is  detectable  most 
readily  in  the  arteries  of  the  pia  mater,  which  are  easily  examined  by 
spreading  out  a  small  part  of  this  fine  membrane.  Besides  these  thicken- 
ings, we  have  frequently  atheroma  in  Bright's  disease  in  people  advanced 
in  life. 

These  thickenings  of  the  arteries  are  the  natural  result  of  the  hyper- 
trophy of  the  heart  and  the  increased  blood-pressure  in  the  general 
vascular  system.  The  blood  entering  the  arteries  with  increased  force 
requires  greater  resistance  in  the  walls  of  the  arteries  in  order  to  prevent 
dilatation,  and  may  require  also  an  energetic  contraction  to  prevent  an 
excess  of  blood  from  passing  through  the  arteries  if  they  remained  of 
their  ordinary  calibre.  The  arteries  subjected  to  increased  blood-pres- 
sure are  probably  more  liable  to  secondary  changes  such  as  atheroma. 

The  theory  of  these  vascular  changes  is  more  difficult.  The  immediate  cause  of  the 
increased  blood-pressure  is  an  increase  in  the  force  of  the  cardiac  contractions, 
which  results  in  hypertrophy  of  the  muscle.  Such  hypertrophy  is  compensatory, 
and  implies  some  obstruction  to  the  circulation.  According  to  GuU  and  Sutton, 
Mahomed,  and  others,  the  obstruction  is  a  general  one,  and  they  regard  the  changes 
in  the  arteries  as  primary  and  as  expressing  a  general  disease,  of  which  the  kidney 
changes  are  only  a  part.  They  even  suggest  that  the  lesions,  including  cardiac 
hypertrophy,  may  exist  without  any  kidney  disease.  The  facts  cited  above,  however, 
seem  to  afford  sufficient  evidence  that  the  cardiac  and  vascular  changes  result  from 
primary  lesions  of  the  kidney. 

It  seems  difficult  to  believe  that  the  obstruction  in  the  vessels  of  the  kidneys  is  by 
itself  sufficient  to  induce  such  a  cardiac  hypertrophy  as  we  frequently  find,  especially 
as  excision  of  one  kidney,  implying  great  obstruction,  does  not  usually  lead  to  it. 
Hence  a  cause  of  obstruction  has  been  sought  for  elsewhere.  It  has  been  supposed, 
for  example,  that  the  blood,  containing  retained  urinary  constituents,  finds  more 
difficulty  than  ordinary  blood  in  traversing  the  capillaries,  and  again  that  the 
arteries  contract  excessively  in  order  to  prevent  the  impure  blood  from  reaching  the 
tissues  too  abundantly,  and  so  produce  obstruction  (Johnson's  "  stop-cock  "  action). 
But  these  views  imply  two  unwarranted  assumptions,  namely,  that  blood  containing 
such  impurities  flows  less  freely  through  the  capillaries  than  normal,  and  that  the 
blood  in  all  such  cases  is  impure. 

The  changes  seem  inexplicable  on  a  purely  mechanical  theory,  and  the  explan- 
ations of  Cohnheim  as  amplified  by  Pagge  seem  the  most  probable.  In  all  the 
cases  in  which  the  cardiac  and  vascular  changes  occur  there  is  obstruction  to  the 
vessels  in  the  kidney,  chiefly  the  arteries  and  the  capillaries  of  the  tufts.  In  order  to 
the  secretion  of  the  proper  amount  of  urine  the  blood  must  circulate  much  more 
quickly  through  the  remaining  vessels.  This  can  only  be  effected  by  a  rise  in  the 
blood-pressure  in  the  vessels  concerned,  which  may  be  brought  about  by  a  relax- 
ation of  the  larger  renal  arteries.  The  activity  of  the  renal  secretion  seems  to  be 
largely  determined  by  the  amount  of  urea  and  other  constituents  in  the  blood,  the 
condition  of  the  arteries  as  to  contraction  being  regulated  through  the  nervous 
system  (Cohnheim  and  Eoy).  But  if  the  local  dilatation  of  the  arteries  be  inadequate 
to  cause  a  sufficient  flow  of  blood,  and  the  urinary  constituents  still  tend  to 
accumulate,  then  there  can  only  be  a  relief  by  a  general  rise  in  the  blood-pressure 
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brought  about  by  increase  in  the  force  of  the  cardiac  contractions.  In  this  view  of 
it  the  cardiac  hypertrophy  is  compensatory,  and  is  brought  about  in  order  to  prevent 
the  undue  accumulation  of  urea  in  the  system. 

Literature. — Eichabd  Beight,  Eeports  of  medical  cases  selected  with  a  view  of 
illustrating  the  symptoms  and  cure  of  disease,  by  a  reference  to  morbid  anatomy, 
Tol.  i.,  1827;  Rayeb,  Traits  des  malad.  des  reins,  1840  ;  Fbebichs,  Die  Bright'sche 
Kranliheit,  1851 ;  Rosenstein,  Nierenkrankheiten,  2nd  ed.,  1870 ;  Johnson,  Lect.  on 
Brigbt's  dis.,  1873,  and  Med.  lect.  and  essays,  1887;  Grainger  Stewart,  Prac. 
treatise  on  Bright's  dis.,  1868,  and  Clin.  lect.  on  important  symptoms.  Albuminuria, 
1888;  Chaecot,  Lect.  on  Bright's  dis.  (transl.),  1879;  Aupeecht,  Die  diffuse  ne- 
phritis, 1879 ;  Weigert,  in  Volkmann's  Sammlung,  No.  162, 1879 ;  Rebbebt,  Nephritis 
and  albuminuria,  1881 :  Dickinson,  Dis.  of  kidney,  part  ii..  Albuminuria,  1877  ; 
Eaife,  Dis.  of  kidneys,  1885.  (Jlomerulo-nephrilis  and  Scarlatina— 'Kimbs,  Handb. 
■d.  path,  anat.,  i.  644,  1870;  Klein,  Path,  trans.,  xxviii.,  1877;  Coats,  Brit.  Med. 
Jour.,  1874,  ii.;  Feiedlandee,  Fortschritte  der  Med.,  1883;  Langhans,  Virch.  Arch., 
Ixxvi.  and  xcix. ;  Lttten,  Charite-Annalen.,  iv.  ;  Cbooke,  Birmingham  Med.  Eev., 
1886-87.  Interstitial  nephritis — Tbaube,  Gesammelte  Beitriige,  ii.,  1871 ;  Leyden, 
Zeitschr.  f.  klin.  Med.,  ii.  and  iii. ;  Zieglee,  D.  Arch.  f.  klin.  Med.,  xxv. ;  Ebstein, 
{Gout)  ibid.,  xxvii. ;  Pedell,  (Lead)  D.  med.  Wochenschr.,  1884;  Jacob,  ibid.,  1886  i 
Saundbt,  Path,  trans.,  xxxi.,  1880;  Geebnfield,  ibid.  Albuminuria— G-rm^g-er 
Stewaet,  1.  c;  Heidenhain,  in  Hermann's  phys.,  v.,  1880;  Senatob,  Die  Albuminurie, 
1882;  Discussion  on  albuminuria  (by  Newman,  Eobeets,  Hamilton,  Gaiednee, 
Greenfield,  Coats,  etc.),  Glasg.  Med.  Jour.,  1884.  Cardiac  and  Vascular  changes— 
Traube,  Zusammenhang  v.  Herz-  und  Nierenkrankheiten,  1856  ;  Gull  and  Sutton, 
Med.  chir.  trans.,  Iv.,  1872,  and  Path,  trans.,  xxviii.,  1877  ;  Sotnischewsky,  Virch. 
Arch.,  Ixxxii. ;  Lemcke,  D.  Arch.  f.  klin.  Med.,  xxxv. ;  Holsti,  ibid,  xxxviii. ; 
Mahomed,  Guy's  Hosp.  Reports,  1885 ;  Cohnheim,  Allg.  Path.,  ii.  349,  1882  ;  Fagge, 
Prin.  and  Prac.  of  Med.,  ii.  447,  1886;  Cohnheim  and  Egy,  Virch.  Arch.,  xcii  , 
1883. 

v.— SEPTIC  OR  SUPPUEATIVE  INFLAMMATIONS  OF  THE  KIDNEY 

AND  ITS  PELVIS. 

These  are  induced  by  the  presence  in  the  organ  of  septic  microbes, 
namely,  pyogenic  micrococci.  There  are  two  important  classes  of 
cases;  in  one  the  source  of  the  organisms  is  outside  the  urinary 
organs,  the  septic  material  being  brought  by  the  blood ;  in  the  other 
the  source  of  the  microbes  is  decomposition  of  the  urine  in  the  bladder, 
and  they  are  propagated  up  from  the  latter.  The  former  may  be  des- 
ignated embolic  or  metastatic  nephritis ;  the  latter,  being  associated 
with  inflammation  of  the  pelvis,  is  included  under  the  terms  Pyelitis 
and  Pyelonephritis. 

1.  Embolic  or  Metastatic  forms. — In  Pysemia  and  Ulcerative  endo- 
carditis pieces  of  fibrine  or  other  material  may  be  carried  to  the  kidneys 
and  produce  embolism  there.  In  this  way  arise  Metastatic  abscesses. 
For  the  most  part  the  emboli  are  small  and  are  carried  to  the  ascending 
arteries  or  the  glomeruli  before  they  stick.    Hence  the  abscesses  are 
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mostly  in  the  cortical  substance,  although  they  are  not  infrequentlj^ 
seen  in  the  pyramids  along  the  course  of  the  arteriae  rectse,  and  there 
may  even  be  large  ones  taking  in  portions  both  of  pyramids  and  cortex. 
The  abscesses  are  usually  elongated  in  the  direction  of  the  arteries,  and 
they  often  project  slightly  from  the  surface  when  the  capsule  is  re- 
moved. They  are  frequently  present  in  considerable  numbers  in  both 
kidneys. 

Under  the  microscope  it  can  be  seen  that  the  abscesses  arise  by  ob- 
struction of  the  arteries  (see  Fig.  312).    Where  the  embolism  has  been 


Pig.  312. — From  a  section  of  Hie  kidney  in  ulcerative  endocarditis.  An 
artery  is  plugfred  with  darls  material  which  contains  micrococci.  In  the 
neighbourhood  of  the  plug  the  wall  of  the  artery  is  necrosed.  Leucocytes 
are  infiltrating  the  tissue  around,  and  e.'ctending  through  the  vessel  wall. 
X  90. 


recent  the  wall  of  the  vessel  and  the  tissue  in  the  immediate  neighbour- 
hood of  the  embolus  present  evidences  of  necrosis,  while  around  there 
are  multitudes  of  leucocytes  occupying  the  interstitial  tissue.  In  the 
embolus  there  are  colonies  of  bacteria  in  the  midst  of  remains  of  the 
transported  fibrine.  When  the  abscess  has  fully  formed,  these  characters 
may  be  lost  in  the  great  multiplication  of  leucocytes.    Besides  in  the 
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Fig.  313. — Micrococci  iu  a  capillary  (6)  of  tlie  kidney 
from  a  case  of  pyremia.  There  is  a  tubule  on  either 
side,  the  nuclei  of  whose  epithelium  (a,  a)  are  visible 
except  in  the  neighbourhood  of  the  micrococci,  where 
necrosis  has  occun-ed.    x  650. 


arteries  colonies  of  bacteria  are  to  bo  found  in  the  A^cssels  of  the  glom- 
eruli, sometimes  fillingmany 
of  them  out  with  a  dark 
granular  mass,  and  also  in 
the  capillaries.  It  is  some- 
times to  be  seen  that  these 
colonies  are  present  in  the 
glomeruli  and  capillaries 
without  signs  of  inflamma- 
tion around.  In  such  cases 
they  are  of  recent  growth 
and  have  not  had  time  to 
produce  inflammation  by 
giving  ofi"  irritating  pro- 
ducts. They  may,  however, 
have  produced  necrosis  of 
the  epithelium  in  the  neigh- 
bomrhood,  as  shown  by  the 
failure  of  the  nuclei  to  be- 
come stained  (Fig.  313). 
To  some  extent  the  bacteria 
may  multiply  in  the  glom- 
eruli and  capillaries  after 
death. 

In  scarlet  fever  there  is 
rarely  a  true  suppurative 
nephritis,  but  in  some  cases 
the  Iddneys  are  greatly  en- 
larged and  infiltrated  with 
leucocytes.  These  cases  are  probably  due  to  the  presence  of  sejDtic 
microbes,  absorbed  from  the  lesion  in  the  fauces  (see  above,  p.  814). 
Microbes  are  not  infrequently  found  in  the  capillaries  of  the  kidney  iu 
scarlet  fever  and  diphtheria  (Fig.  314),  and  they  may  also  pass  into  the 
tubules. 

2.  Pyelitis.  Pyelonephritis.  Suppurative  nephritis. — These  various 
terms  refer  to  inflammations  which  generally  arise  by  extension  from 
the  bladder  up  the  ureter  to  the  kidney.  Pyelitis  is  an  inflammation 
of  the  pelvis  of  the  kidney,  while  pyelonephritis  is  a  supjDurative  inflam- 
mation involving  the  pelvis  and  the  substance  of  the  kidney.  Pyelitis 
may  occur  independently,  but  pyelonephritis  scarcely  occurs  without 
the  ureter  and  pelvis  being  also  aff'ectcd. 

(a)  Pyelitis. — Inflammation  of  the  pelvis  of  the  kidney  is  not  always 


-5) 
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Fig.  314. — Bacteria  distending  a  capillary  blood-vessel 
in  a  case  of  scarlet  fever,    x  350. 
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suppurative,  as  it  may  be  produced  by  other  causes  besides  the  septic  ! 
agents.  A  catarrhal  pyelitis  occurs  in  the  course  of  some  fevers,  or  it  I 
may  be  present  to  some  extent  in  acute  Bright's  disease.  ' 

Calculi,  by  their  mechanical  irritation,  will  induce  an  inflammation  of  \ 
the  pelvis,  often  spoken  of  as  Calculous  pyelitis.  It  is  sometimes  said  I 
that  calculi  produce  suppurative  inflammations,  but  this  can  scarcely  | 
occur  unless  there  be  an  extension  of  the  septic  process  from  the  bladder  i 
upwards.  The  irritation,  however,  may  lead  to  such  inflammation  as  to  i 
cause  a  considerable  abundance  of  leucocytes  in  the  urine,  but  not  a  true  i 
pus.  On  the  other  hand,  septic  inflammations,  being  accompanied  by  i 
decomposition  of  the  urine,  often  result  in  the  formation  of  calculi. 

Suppurative  pyelitis  is  the  result  of  the  propagation  of  septic  pro-  i 
cesses  from  the  bladder  by  the  ureter.  It  usually  occurs  in  cases  where  i 
there  is  some  obstruction  in  the  bladder  or  urethra,  and  a  cystitis  with 
decomposition  of  the  urine  has  occurred.  There  is  frequently  some  I 
coincident  dilatation  of  the  pelvis,  and  there  may  be  a  proper  pyo-  i 
nephrosis.  i 

The  mucous  membrane  is  thickened  and  frequently  of  a  bluish  colour. 
It  is  not  infrequently  incrusted  with  phosphates.  The  contained  matter 
is  a  thick  brownish  ill-smelling  pus. 

(b)  Pyelonephritis,  Suppurative  nephritis.  —This  connects  itself  with 
the  condition  just  described.  There  is  an  extension  of  the  inflammation 
from  the  pelvis  to  the  kidney  substance. 

There  are  two  modes  in  which  the  condition  may  be  brought  about,  i 
The  irritating  chemical  products  from  the  pelvis  may  be  carried  into  the  • 
kidney,  being  absorbed  either  by  the  tubules  or  the  lymphatics,  or  the  • 
microbes  may  propagate  themselves  into  the  kidney.  This  latter  method  1; 
is  not  infrequent.  Colonies  of  micrococci  have  been  observed  in  the  ■ 
uriniferous  tubules  as  well  as  in  the  lymphatics. 

The  lymphatics  of  the  Iddneys,  according  to  Steven  and  Newman,  are  in  com- 
mmiication  with  those  of  the  ureter.    When  an  injection  is  thrown  with  some  force  ; 
into  the  ureter,  it  passes  into  the  adventitia  of  this  canal,  and  thence  to  the  capsule  •. 
of  the  kidney.   The  lymphatics  of  the  capsule  communicate  with  those  of  the  kidney, 
so  that  stellate  vessels  are  visible,  in  these  injections,  on  the  surface  of  the  kidney 
and  are  found  to  penetrate  deeply  into  the  cortex. 

The  resulting  nephritis  may  be  diff'used  so  that  the  entire  organ  may  .1 
be  infiltrated,  especially  in  the  cortex,  with  leucocytes,  and  the  appear-  . 
ances  presented  be  those  of  an  acute  interstitial  nephritis.    This  may  .1 
jjerhaps  be  the  case  when  the  irritant  is  diff'used  from  the  pelvis  in 
solution. 

More  frequently,  with  a  certain  diff'used  inflammation,  there  are  actual 
abscesses,  each  abscess  having  a  colony  of  micrococci  as  its  focus.    The  f 
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abscesses  exist  both  in  pyramids  and  cortex.     They  are  scattered  over 

the  Iddney  so  that  the  appearances  may  resemble  those  of  pyaemia,  but 
!  they  are  frequently  in  groups,  occupying  certain  areas  with  a  number  of 
j  purulent  centres.  They  are  small  in  size  but  by  coalescence  may  reach 
:  larger  dimensions. 

When  the  propagation  is  by  the  lymphatics  the  abscesses  will  be 
(  chiefly  on  the  surface  of  the  kidney,  partly  involving  the  capsule.  It  is 
i  not  uncommon  to  open  abscesses  in  the  process  of  stripping  the  capsule. 

It  may  happen  that  abscesses  form  by  this  mode  of  extension  without 
;  the  pelvis  being  affected,  the  propagation  occurring  by  the  wall  of  the 
1  ureter  to  the  surface  of  the  Iddney,  but  generally  both  modes  of  exten- 
!  sion  co-exist,  and  there  are  abscesses  in  the  substance  as  well  as  at  the 
i  surface  of  the  organ. 

When  the  suppuration  is  one-sided,  healing-  may  take  place.  The 

kidney  is  then  the  seat  of  numerous  cicatrices,  a  condition  which  Moxon 

has  named  the  Cicatricial  kidney. 

Literature.— Beck,  Eeynolds'  Syst.  of  Med.,  v.,  1879;  Dickinson,  1.  c;  Newman, 
1.  c;  Steven,  Glasg.  Med.  Jour.,  sxii.,  1884;  Moxon,  Path,  trans.,  xxiii.,  1882. 

VI.— HYDEONEPHEOSIS  AND  PYONEPHEOSIS. 

1.  Hydronephrosis.— In  this  condition  there  is  a  dilatation  of  the 
i  pelvis  and  calices  of  the  kidney,  as  a  result  of  obstruction  of  the 
1  ureter  or  urethra. 

Obstruction  of  the  urethra  may  be  congenital  or  acquired.  In  the 
1  latter  case  there  is  first  dilatation  and  hypertroj^hy  of  the  bladder,  which 
!  may  afterwards  be  reflected  to  the  ureters  and  pelvis.  In  all  such  cases 
I  the  hydronephrosis  will  be  double,  -although  it  is  not  always  equal  on 
'  the  two  sides. 

Obstruction  of  the  ureters  may  occur  in  any  part  of  their  course. 
Tumours  or  inflammatory  swellings  in  the  pelvic  organs  Avill  obstruct  the 
;  lower  ends,  and  usually  both  ureters  will  be  affected.  Calculi  descending 
I  from  the  pelvis  of  the  kidney  occasionally  cause  obstruction.  A  peculiar 
'  form  of  obstruction  is  that  in  which  the  ureter  does  not,  as  in  the  normal 
'  condition,  form  a  continuation  of  the  pelvis  of  the  kidney,  but  starts  from 
.  it  at  an  acute  angle,  passing  obliquely  through  its  wall.  This  is  probably 

■  a  congenital  malformation.  Of  similar  origin  is  probably  the  occurrence 
of  valves  in  the  course  of  the  ureter.  More  unusual  causes  are,  pressure 
from  without  by  a  renal  artery  taking  an  unusual  course  so  as  to  cross 

'  the  ureter;  abrupt  bends  in  the  ureter,  which  maybe  congenital,  or  may 
be  from  the  ureter  making  an  unusually  abrupt  turn  over  the  brim  of 

■  the  pelvis  when  the  edge  has  been  rendered  sharper  than  usual  by 
emaciation. 
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It  appears  from  the  last  instance  that  a  comparatively  small  external 
pressure  may  obstruct  the  ureter,  and  that  the  urine  in  the  pelvis  and 
ureter  is  at  such  a  low  pressure  as  to  be  incapable  of  overcoming  a  com- 
paratively slight  resistance. 

The  existence  of  some  of  these  causes  has  been  doubted,  chiefly  the  existence  of  a 
valved  aperture  by  the  ureter  arising  from  the  pelvis  at  an  acute  angle,  and  the 
occurrence  of  valves  in  the  course  of  the  canal.  The  author  has  two  specimens  of 
the  former  kind  in  the  Western  Infirmary  Museum  (see  Catalogue),  and  Dr.  Gains- 
bury  has  published  an  apparently  undoubted  case  of  the  latter  form. 

According  to  statistics  collected  by  Newman,  the  obstruction  arises,  in  the  large 
majority  of  cases,  either  from  obstruction  of  the  urethra  or  from  tumours  of  the  pelvic 
organs,  which  may  involve  the  ureters.  These  causes  jproduced  hydronephrosis  in 
400  out  of  448  cases  of  double,  and  in  133  out  of  215  cases  of  single  hydronephrosis. 
Eenal  calculi  form  the  most  frequent  cause  of  single  hydronephrosis. 

The  result  of  the  obstruction  is  dilatation  of  the  pelvis  and  calices 
(see  Fig.  81,  p.  249,  and  Fig.  320,  p.  839),  but  in  addition  there  is  fre- 
quently a  considerable  destruction  of  renal  tissue.  That  is  to  say,  the 
calices  in  dilating  cause  atrophy,  first  of  the  papillae  which  project 
into  them,  and  then  of  the  pyramidal  portion  of  the  kidney,  advancing 
into  the  deeper  parts  of  the  organ.  We  thus  sometimes  find  the  pyra- 
mids as  if  cut  abruptly  across  transversely.  But  the  condition  frequently 
advances  still  further.  The  dilated  calices  increase  in  volume  till,  in  the 
most  extreme  case,  the  kidney  is  replaced  by  a  Cyst  which  represents 
dilated  pelvis  and  calices,  partitions  existing  in  it  corresponding  to  the 
divisions  between  the  calices.  When  this  has  occurred,  the  cyst  may  go 
on  enlarging  so  as  to  form  a  tumour  of  great  bulk.  The  ureter  is  also 
dilated,  often  so  greatly  as  to  look  like  a  j)iece  of  small  intestine.  It 
generally  becomes  convoluted  in  its  course  as  well. 

It  is  not  in  every  case  quite  apparent  what  circumstances  determine 
the  degree  of  hydronephrosis.  Complete  obstruction  leads  usually  to  a 
comparatively  slight  hydronephrosis,  the  most  extreme  degree  being 
reached  in  cases  where  on  one  side  there  is  either  an  incomplete  obstruc- 
tion or  one  which  gives  way  at  intervals,  such  as  a  valved  condition  of 
the  upper  orifice  of  the  ureter. 

The  ureter  has  been  ligatured  in  animals  and  the  processes  observed.  The  first 
result  is  dilatation  of  the  pelvis  and  of  the  ureter  above  the  ligature.  The  tension  of 
the  urine  in  the  ureter  also  rises  up  to  a  certain  point,  which,  however,  is  far  below  ^ 
the  blood-pressure.  When  this  point  is  reached  the  full  extent  of  the  distensile  force 
derived  from  the  secretion  of  the  urine  is  attained.  The  secretion  of  the  water  of 
the  urine,  consisting  in  a  transudation  through  the  vessels  of  the  glomeruli,  is 
directly  proportionate  to  the  difference  in  pressure  between  the  blood  in  the  tufts  and 
the  fluid  in  the  tubules,  and  when  the  pressure  in  the  tubules  is  raised  the  secretion 
of  urine  ceases  as  soon  as  a  state  of  equilibrium  is  brought  about. 
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There  are,  however,  two  elements  in  the  problem  still  to  be  considered.  In  cases 
where  the  ureter  has  been  ligatured  in  animals  the  actual  dilatation  of  the  pelvis  and 
calices  has  been  comparatively  slight,  the  state  of  ' equilibrium  of  tension  being  easily 
reached.  And  so  in  the  human  subject,  when  the  obstruction  is  complete  the 
pressure  of  the  fluid  in  the  dilated  pelvis  soon  causes  considerable  obstruction  of  the 
renal  vessels,  and  the  power  of  secretion  is  reduced.  But  if  at  times  an  outlet  is 
found  for  the  urine  and  the  pressure  is  suddenly  reduced,  there  will  be  a  relief  of  the 
vessels  m  the  kidney  and  a  violent  hyperjemia  leading  to  an  excessive  secretion  of 
urme.  As  a  matter  of  fact  the  sudden  relief  of  an  obstruction  of  the  ureter  has  been 
found  to  be  followed  by  an  excessive  secretion  of  urine  which  contained  albumen 
Where  then  there  are  such  repeated  sudden  collapses  and  dilatations  the  advance  of 
the  hydronephrosis  is  most  complete. 

The  fluid  contained  in  the  cavity  is  at  first  urine,  but  as  the  condition 
gets  fully  established  the  urinary  constituents  become  absorbed  and  a 
watery  albuminous  fluid  is  found.  In  rare  cases  a  colloid  matter  or  a 
fatty  milky  fluid  has  been  observed. 

It  sometimes  hapjaens  that  where  a  prolonged  obstruction  has  existed 
the  external  fatty  capsule  of  the  kidney  is  greatly  thickened,  while  only 
a  moderate  hydronephrosis  exists,  the  external  outline  of  the  organ  not 
being  greatly  increased.  It  is  not  unlikely  that  an  ojdema  of  the  capsule 
following  the  obstruction  of  the  ureter  may  be  the  cause  of  this  great 
accumulation  of  fat  by  aff'ording  an  extra  supply  of  nourishing  fluid,  or 
perhaps  by  acting  as  a  prolonged  irritant. 

We  sometimes  meet  with  cases  resembling  hydronephrosis,  but  in- 
which  some  of  the  cysts,  representing  dilated  calices,  do  not  communi- 
cate with  the  pelvis,  but  form  Independent  cysts.  This  occurs  when 
from  inflammation  there  has  been  partial  or  complete  obliteration  of  the 
pelvis  (see  below). 

Literature.— EoKiTANSKY,  Lehrb.,  iii. ;  Coats,  Catal.  of  Western  Inf.  Museum,  p.  119 
1885;  Gmnsbuey,  Path,  trans.,  xxxvii.,  1886;  Newman,  Lect.  on  Surg.  dis.  of' kidney 
1888. 

2.  Pyonephrosis.— This  term  is  used  when,  along  with  or  following 
the  hydronephrosis,  suppuration  occurs  in  the  dilated  structures.  This 
is  usually  the  result  of  an  extension  upwards  of  decomiDosition  and  in 
flammation  from  the  bladder,  such  as  has  been  referred  to  in  relation  to 
pyelitis.  It  may  be  followed  by  suppurative  inflammation  of  the  kidney, 
and  in  that  case  is  usually  fatal. 

Such  extension  upwards  will  usually  occur  in  cases  where  the  primary 
condition  and  probably  the  seat  of  obstruction  are  in  the  bladder  or 
urethra,  hence  it  may  be  bi-lateral,  and  in  that  case  is  almost  certainly 
fatal.  However,  it  is  not  uncommonly  unilateral,  the  extension  having 
only  occurred  up  one  ureter.  In  that  case  there  may  be  an  abscess- 
like cavity  formed,  the  dilated  pelvis  and  calices  being  filled  with  pus. 
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If  the  affection  of  the  lower  urinary  tract  is  recovered  from,  healing- 
may  take  ijlace  in  the  kidney.   One  of  the  most  constant  results  in  this 

case  is  obliteration  of  the  pelvis  or  upper  part  of 
the  ureter,  so  that  the  kidney  is  shut  off  from 
the  latter.  By  the  obliteration  of  the  pelvis  the 
kidney  is  converted  into  a  series  of  cysts,  each 
independent  of  the  other,  and  representing 
dilated  calices  (see  Fig.  315).  In  these  cysts  pus 
is  at  first  present,  but  as  the  corpuscles  die  and 
the  fluid  is  absorbed,  the  pus  dries-in  and  leaves 
p-^^ai,  a  pultaceous  matter  in  which  lime  salts  are  abun- 
dantly  present  (a  in  figure).  It  is  not  uncom- 
=~\  Qjon  to  meet  with  a  kidney  thus  converted 
into  cysts  filled  with  putty-like  matter,  and  it  is 
remarkable  that  along  with  these  there  may 
be  some  in  which  clear  serous  fluid  is  present. 
Compensatory  hypertrophy  of  the  other  kidney 
„     ,  may  complete  the  cure. 

Fig.    315.  —  Healed  pyone- 
t'ZX  c'avules'mie/tlth      The  above  is  beUeved  by  the  author  to  be  the  course 

pultaceous  matter  There  are  of  gyents  in  cases  of  the  kind  referred  to.  The  descrip - 
other  cavities  which  contained  -  ,  .  ,  ,  j  i,- 

serous  fluid.  tion  is  based  chiefly  on  cases  which  have  come  under  His 

own  observation.  In  one  such  case  there  was  obstruction  in  the  urethra  in  a  female, 
with  hypertrophy  of  the  bladder.  One  kidney  was  found  in  the  healed  condition 
described  above,  while  the  other  showed  compensatory  hypertrophy.  This  patient 
died  from  bronchitis  without,  latterly,  any  renal  symptoms.  In  another  case  one 
kidney  showed  pultaceous  masses,  while  the  other  presented  a  recent  suppurative 
inflammation  which  had  proved  fatal.  There  was  a  prolonged  affection  of  the 
bladder,  with,  apparently,  an  extension  first  to  one  kidney,  producing  a  pyonephrosis 
partly  recovered  from,  and  then  to  the  other,  leading  to  a  fatal  result. 


VII.— EETEOGBADE  CHANGES  IN  THE  KIDNEYS. 

Eetrograde  changes  are  of  frequent  occurrence  in  the  various  forms  of 
Bright's  disease,  but  we  have  here  to  do  with  such  as  are  met  ^vith  more 
independently. 

1.  Amyloid  degeneration  of  the  kidneys.— Amyloid  disease  is  of 
more  importance  in  the  kidneys  than  in  other  organs,  both  because  of 
itself  it  leads  to  albuminuria  and  because  its  presence  induces  fui-ther 
structural  changes  in  the  organ.  These  facts  induce  some  authors  to 
include  it  as  a  form  of  Bright's  disease.  It  exists  along  vnth  amyloid 
disease  in  other  organs,  and  is  secondary  to  some  disease  which 
affects  the  body  generally,  chiefly  phthisis  pulmonalis  and  syphilis.  In 
syphilis  it  not  infrequently  assumes  more  of  an  independent  character, 
and  the  case,  as  a  whole,  may  assume  the  aspect  of  one  of  kidney  disease. 
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The  lesion  in  the  kidneys  as  in  other  organs  affects  primarily  the 
walls  of  the  blood-vessels.    Even  in  very  early  cases,  in  which  the 
amount  of  amyloid  disease  is  slight,  we  usually  find  it  in  two  distinct 
and  separate  structures,  namely  the  Malpighian  tufts  and  the  arteri^ 
recta;  of  the  pyramids.    The  Vessels  of  the  glomeruli,  generally  along 
with  the  arteries  leading  to  them,  are  swelled  up  and  hyaline  The 
rose  colour  developed  with  methylviolet  is  so  striking  that  in  sections 
stamed  with  this  dye  it  often  looks  as  if  the  tufts  were  injected.  They 
are  also  considerably  enlarged,  and  even  without  the  addition  of  iodine 
or  methylviolet  they  form  very  prominent,  transparent,  and  glancing 
clumps  in  the  cortex.    The  Arteriae  recta  run,  as  we  have  seen,  in 
bimches,  and  their  appearance  with  methylviolet  is  that  of  a  series  of 
rose-coloured  tubes.    They  are  also  sufficiently  pronounced  as  a  rule 
without  any  reagent,  appearing  as  pearly  glancing  tubes. 

While  these  structures  are  first  and  chiefly  involved,  others  usually 
1  follow.  There  is  amyloid  disease  extensively  present  in  the  Aretries 
of  the  cortex,  the  ascending  and  afferent  arteries.  In  these  the  lesion 
I  can  often  be  seen  to  begin  in  the  muscular  coat,  a  distinct  transverse 
T  marking  being  visible  from  the  muscular  fibre  '  cells  being  mapped 
■  out  by  the  staining  agent.    Very  often  there  is  here  and  there  a 


f  ig.  31(..—,Vmyloirl  defeneration  of  tlie  biisemuiit  raembi-iino 
of  unniforous  tubules.  Tiio  thickened  and  translucent  basement 
membrane  is  shown  with  the  renal  epithelium  Inside,    x  350. 

capillary  of  the  cortex  affected,  and  sometimes  these  are  extensively  so, 
3veri  in  comparatively  slight  cases.  The  Basement  membrane  of  the 
oubules  frequently  becomes  amyloid  in  advanced  cases,  chiefly  that  of  the 
cubules  in  the  cortical  substance  (sec  Fig.  316.) 

3  G 
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Along  with  the  amyloid  disease  of  the  vessels  there  is  usually  Patty 
degeneration  of  the  epithelium  of  the  tubules,  apparently  the  result  of 
antemia  from  the  obstruction  of  the  vessels. 

Interstitial  inflammation  nearly  always  accompanies  the  amyloid 
disease,  and  it  may  be  so  great  as  to  produce  a  combination  of  chronic 
interstitial  nephritis  and  amyloid  disease,  as  in  Fig.  317,  where  the 


Fiff  317  —Amyloid  and  contracted  kidney.  The  highly  amy- 
.  loid  and  therefore  greatly  enlarged  Malpighian  tufts  are  show  ; 
theii-  capsules  are  somewhat  thickened.  The  tufts  are  very 
unduly  close  together,  owing  to  contraction  of  the  intervening 
tissue.  Between  them  there  is  rouud-ceU  tissue  with  remains  ot 
tubules.    X  85. 

glomeruli  are  brought  close  together  by  atrophy  of  the  tubules  from 
interstitial  inflammation. 

The  mere  existence  of  amyloid  disease  probably  gives  rise  to  inter- 
stitial inflammation,  but  it  is  not  improbable  that  the  primary  disease 
which  led  to  the  amyloid  condition  may  also  induce  nephritis.  Thus  ■ 
in  syphilis  the  virus  aff'ecting  the  Iddney  directly  may  cause  interstitial 
inflammation,  while  less  directly  it  produces  a  general  amyloid 
condition.  Again,  in  phthisis  pulmonalis,  and  in  extensive  suppurations  ■ 
from  diseased  bone,  there  may  readily  occur  an  absorption  of  irritating 
materials  which  are  capable  of  setting  up  inflammation. 

The  contracted  amyloid  kidney  is  not  generally  accompanied  by 
hypertrophy  of  the  heart,  the  reason  apparently  being  that,  as  the  blood  is 
deteriorated,  the  compensatory  growth  of  muscular  tissue  can  scarcely 

occur,  1  •  J  1  -J 

In  regard  to  the  Naked-eye  appearances,  the  simple  amyloid  ladney 
is  enlarged,  sometimes  greatly  enlarged,  so  that  the  organ  weighs 
nine  or  ten  ounces.    The  surface  is  pale  and  the  capsule  comes  offS 
easily.    On  section  the  cortex  is  seen  to  be  thickened  and  pale  in  colour. 
The  general  appearance  therefore  resembles  that  of  the  large  white  kid- 
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ney,  and  doubtless  many  cases  have  been  mistaken  for  that.  But  the  organ 
in  amyloid  disease  has  a  firm  elastic  feeling  and  a  transparent  bacony 
appearance  on  section,  which  is  distinctive  enough.  The  thick  pale 
transparent  cortex  usually  contrasts  with  the  redder  but  still  tolerably 
firm  pyramidal  substance,  and  the  appearance  has  been  somewhat  aptly 
compared  to  the  section  of  bacon  ham.  The  name  Lardaceous  kidney 
is  often  applied  from  the  transparent  appearance  of  the  tissue.  In  the 
midst  of  the  transparent  basis  opaque  yellow  streaks  are  often  visible, 
from  the  fatty  degeneration  of  the  epithelium.  The  addition  of  a 
solution  of  iodine  to  the  cut  surface  of  such  a  kidney  brings  out  the 
affected  glomeruli  as  brown  dots  and  the  arterise  rectse  as  brown 
streaks.  If  the  kidney  be  contracted,  the  granulations  on  the  surface 
show  the  usual  transparent  waxy  appearance  of  the  amyloid  kidney, 
and  on  section  the  cortex,  though  greatly  thinned,  shows  a  similar 
condition. 

The  amyloid  substance  apparently  allows  fluid  to  pass  through  it 
more  readily  than  ordinary  albuminous  structures.  Injection  of  the 
amyloid  kidney  shows  that  the  vessels  of  the  glomeruli  and  the  arteries 
of  the  cortex  are  largely  obstructed.    It  may  well  be  that  this  leads  to 


Fig.  318.—  Local  atrophy  from  endarteritis,  a,  hiltim  of  kidney;  6,  normal  pyramid ;  c,  normal  cor- 
tex showing  glomeruli,  medullary  rays,  etc.;  </,atrophy  bejfinniug,  the  convoluted  tubules  atrophied 
while  glomeruli  remain.  On  approaching  n  tlie  glomeruli  become  gi-catly  contracted  and  close 
together,    x  o. 


increased  blood-pressure  in  the  remaining  arteries,  but  with  the  general 
narrowing  of  the  smaller  arteries  this  can  hardly  tell  with  much  force 
on  the  glomeruli  which  remain  pervious.    This  excessive  secretion  of 
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iirine,  like  the  diarrhoea  which  is  a  prominent  symptom  in  amyloid 
disease  of  the  intestine,  is  probably  to  be  accounted  for  by  a  greatly 
increased  transud ability  of  the  vessels. 

2.  Atrophy. — A  local  atrophy  sometimes  occurs  from  Endarteritis 
(see  Fig.  318).  There  are  flat  depressions  on  the  surface  which  may 
give  the  kidney  a  somewhat  coarsely  granular  appearance,  but  some- 
times these  are  extensive,  involving  considerable  areas  of  the  kidney. 
In  this  latter  case  the  larger  arteries  running  between  cortex  and 
pyramids  are  affected  with  endarteritis,  which  may  be  an  Atheroma 
associated  with  a  similar  condition  in  other  arteries.  The  thickening  of 
the  internal  coat  is  very  extreme  (see  above  e  in  Fig.  318),  and  in  the 
smaller  branches  amounts  to  absolute  occlusion. 

The  atrophy  has  considerable  resemblance  in  its  details  to  that  in 
chronic  interstitial  nephritis,  but  also  presents  considerable  differences. 
It  is  not  limited  to  the  cortex,  but  involves  the  pyramids  as  well,  and 
there  is  much  less  distortion  but  more  of  a  simple  diminution  or  dis- 
appearance of  the  tubules.  The  affected  areas  are  very  strikingly  re- 
duced in  volume  so  that  the  hilum  of  the  kidney  comes  close  to  the 
surface  (see  between  a  and  e  in  figure).  This  contrasts  greatly  with  the 
neighbouring  unaffected  parts  in  which  the  cortex  is  even  more 
voluminous  than  normal. 

By  the  Atrophy  of  the  tubules  the  glomeruli  are  brought  close 
together,  so  close  in  many  cases  as  to  show  that  the  tubiiles  have 
virtually  disappeared.  In  the  pyramidal  portion  the  atrophy  of  the 
tubules  causes  the  intertubular  substance  to  become  very  prominent  as 
a  clear  translucent  matrix  interrupted  by  small  round  areas.  The 
Glomeruli  are  themselves  in  a  state  of  sclerosis.  At  the  marginal  parts  • 
of  the  affected  areas  this  condition  is  seen  to  begin  by  a  thickening  of  the 
capsule  which  is  less  fibrous  than  in  the  sclerosis  of  interstitial  nephritis, 
but  has  rather  a  hyaline  appearance.  The  occlusion  of  the  vessels  in  the 
tuft  and  the  solidification  of  the  glomerulus  follow.  In  many  parts  the 
remaining  tissue  consists  of  little  more  than  closely  aggregated  and 
solidified  glomeruli,  these  being,  apparently,  in  their  altered  state  very  • 
persistent. 

In  addition  to  these  evidences  of  atrophy  there  is  some  infiltration 
of  round  cells,  but  not  any  considerable  newformation  of  fibrous  tissue. 

The  description  given  above  of  local  atrophy  from  endarteritis  is  based  on  the 
observation  of  two  well-marked  cases  in  which  nearly  half  the  kidney  tissue  was 
atrophied,  the  locality  of  the  atrophy  being  chiefly  in  the  neighbourhood  of  the 
hilum,  and  generally  continuous,  altliough  also  with  isolated  patches.  An  interest- 
ing feature  in  both  these  cases  was  the  co-existence  of  hyiDertrophy  of  the  left 
ventricle.  The  importance  of  the  fact  that  local  atrophy  of  the  kidneys  may  have 
such  a  result  has  already  been  referred  to. 
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In  Senile  atrophy  the  whole  structures  of  the  kidneys  undergo 
.  diminution  in  size,  but  very  often  this  affects  especially  the  secreting 
.  epithelium  of  the  convoluted  tu- 
I  bules.  If  this  be  the  case  there 
!  may  be  a  special  shrinking  of  the 
,  cortex,  and  the  kidneys  may  be 
1  like  those  of  chronic  Brio-ht's 
,  disease.  Sometimes  also  the  sur- 
iface  is  granular  and  the  capsule 

adherent. 
3.  Parenchymatous  infiltration, 

or  Cloudy  swelling,  besides  form- 
I'.ing  one  of  the  lesions  in  acute 
ilBright's    disease,    is    liable  to 

occur  in  acute  febrile  diseases. 

There  is  a  general  enlargement  of  _ 

:  the  renal  epithelium  with  infiltra-     Fig- 319..—Clourly  sweUing  of  renal  epithelium 

'tionof  fine  granules  in  the  midst  Slirt^S 
of  which   minute  fat  drops  are 

-scattered  (Fig.  319).     The  pyramidal  tubules  as  well  as  those  of 
the  cortex  are  involved,  the  affection  being  usually  homogeneously  dis- 
tributed.   It  is  important  to  note  that  this  condition  may  produce  con- 
siderable enlargement  of  the  kidney  without  obvious  change  in  its 
■structure  to  the  naked  eye. 

Fatty  degeneration  of  the  renal  epithelium  is  not  infrequently 
■present  in  cachectic  conditions  such  as  advanced  phthisis  jiulmonalis,  in 
"Which,  however,  it  is  often  associated  with  amyloid  disease  or  interstitial 
•nephritis.  In  severe  anaemias  it  is  also  met  with  along  with  fatty 
I  degeneration  of  the  muscular  substance  of  the  heart.  It  occurs,  too,  in 
■acute  yellow  atrophy  of  the  liver. 

VIII.— CONCEETIONS  AND  CALCULI  IN  THE  KIDNEY. 

Two  very  interesting  forms  of  Deposition  in  the  tubules  are  met 
with  in  new-born  children.  In  the  common  icterus  of  the  new-born 
^the  Biliary  colouring  matter  (bilirubin)  is  excreted,  as  in  the  adult,  by 
the  kidneys,  but  in  the  new-born  it  very  readily  passes  into  the  Crystal- 
line form,  so  that  round  or  rhombic  orange-coloured  crystals  are  found 
in  the  ijyratnidal  tubules,  sometimes  in  such  numbers  as  to  warrant  the 
designation  bilirubin-infarction.  Similar  crystals  are  found  in  the  blood 
and  tissues  of  the  body. 

Uric  acid  salts  are  found  in  the  tubules  of  new-born  children,  in  about 
half  the  cases  of  those  who  die  within  the  first  few  weeks.    It  is  mostly 
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in  children  who  have  breathed  that  they  are  met  with,  but  they 
have  been  observed  in  still-born  children,  although  very  rarely.  The 
concretions  consist  of  salts  of  uric  acid  (mostly  urate  of  ammonia). 
They  are  deposited  mainly  in  the  tubules  near  the  apices  of  the  pyramids, 
giving  the  appearance  of  opaque  yellow  or  reddish  streaks,  converging 
to  the  apex  of  the  pyramid.  Under  the  microscope  amorphous  urates 
are  seen  in  the  tubules,  and  when  acetic  acid  is  applied  these  dissolve 
and  form  crystals  of  uric  acid. 

In  adults,  icterus  is  also  accompanied  by  deposition  of  pigment  in  the 
tubules,  but  it  is  in  the  form  of  brown  or  yellowish  granules  which  are 
found  in  the  epithelium  or  forming  casts  of  the  tubules. 

Urates  are  also  deposited  in  the  substance  of  the  kidney  in  Gout. 
They  are  visible  to  the  naked  eye  in  the  pyramidal  portions  of  the 
kidney,  especially  towards  the  apices,  as  white  streaks.  With  the 
microscope  they  are  seen  to  occupy  the  tubules,  which  are  dilated. 
There  is  usually  a  co-existing  interstitial  nephritis. 

Lime  salts  are  sometimes  deposited  in  the  straight  tubules  of  the 
pyramids,  especially  in  cases  where  from  disease  of  bone  there  is  exces- 
sive absorption  of  lime  salts  and  excretion  of  them  by  the  urine.  The 
appearance  presented  is  that  of  white  streaks  usually  near  the  apices  of 
the  pyramids.  It  is  to  be  observed,  however,  that  a  deposition  of 
urates  occurring  after  death  in  the  straight  tubules  may  produce  a 
somewhat  similar  aj^pearance. 

Calculi  in  the  pelvis  of  the  kidney  are  of  frequent  occui'rence.  As 
we  have  seen,  they  may  originate  from  chronic  pyelitis,  especially  "^^^th 
stagnation  of  urine,  but  they  may  apparentlj^  originate  in  the  urini- 
ferous  tubules,  and  having  passed  into  the  pelvis  grow  larger  there. 
The  calculi  may  be  composed  of  uric  acid,  of  phosphates,  of  oxalate  of 
lime,  or  of  cystine.  The  character  of  each  of  these  is  described  in  the 
section  on  Calculi  in  the  Bladder. 

The  calculi  sometimes  attain  to  very  large  dimensions,  moulding 
themselves  into  the  shape  of  the  pelvis  and  calices,  so  that  we  may 
have  branches  extending  out  into  elongated  recesses  formed  by  dilated 
calices.  By  obstructing  the  flow  of  urine  these  calculi  may  lead  to  the 
occurrence  of  hydronephrosis,  and  as  the  cavity  of  the  pelvis  and  calices 
enlarges  so  may  the  calculus.  A  small  calculus  vnW  often  pass  into 
the  ureter  and  obstruct  it,  in  this  way  leading  to  hydronephrosis. 

IX.— SYPHILIS  AND  TUBEECULOSIS  OF  KIDNEY. 

1.  Syphilis  is  sometimes  the  cause  of  diffiisc  Interstitial  nephritis. 
It  is  undoubtedly  a  frequent  cause  of  Amyloid  disease  and  may  by 
this  means  lead  on  to  chronic  nei)hritis.     It  is  probable  that  many 
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cases  of  contracted  amyloid  kidney  have  this  origin.  Hereditary 
syphilis  is  also  believed  to  give  I'ise  to  a  difiuse  interstitial  nephritis. 

Gummata  are  very  rare  in  the  Iddnej'.  They  are  found  in  the 
midst  of  cicatrices  as  in  the  case  of  the  liver. 

2.  Local  tuberculosis  or  Renal  phthisis. — This  condition  is  usually 
associated  with  tuberculosis  elsewhere.  Thus  there  is  commonly 
tuberculosis  of  the  ureter  and  bladder  and  also,  in  the  male,  of  the 
vesiculse  seminales,  vas  deferens,  and  testicle.  It  seems  probable  that 
in  most  cases  the  tuberculosis  originates  in  the  testicle  and  travels  to 
the  other  parts  (Weigert),  but  an  origin  in  the  kidney  itself  is  not  to  be 
excluded.  The  fact  that  the  disease  is  rare  in  females  would  indicate 
that  the  propagation  is  usually  from  the  testicle.  Renal  phthisis  is 
frequently  associated  ^vith  pulmonary  phthisis,  which  is  probably  in 
most  cases  the  primary  affection. 

The  disease  is  usually  very  advanced  in  one  kidney  and  absent  or 
slight  in  the  other.  In  the  advanced 
cases  the  kidney  is  converted  inter- 
nally into  a  sac  with  irregularly  ulcer- 
ated walls,  and  divided  partly  into 
compartments  by  the  remains  of 
septa.  The  ulcerated  surface  presents 
some  adhering  caseous  matter  and 
the  wall  is  infiltrated  (see  Fig.  320). 
The  capsule  of  the  kidney  is  ad- 
herent. 

In  an  early  stage  we  find,  it  may 
be,  the  apex  of  a  pyramid  the  seat  of 
a  small  ulcer  with  yellow  caseous 
walls,  and  with  grey  tubercles  at  the 
periphery  in  the  substance  of  the 
pyramid.  The  lesion  begins  usually 
in  the  calices,  frequently  in  those 
situated  inferiorly,  and  eats  its  way 

in,   attacking   and    destroyinc;   the  ?f '"ft 'V*" 

'  o  J     n  Two  smiulisoliited  tubercular  .nroas  below.  In 

kidney  tissue  in  its  advance.    There  "PP9i\P"Vt  diiijted  caiice.s  (hydronephrosis). 

To  right  dilated  ui-eter. 

is  a  very  irregular  extension  of  the 

ulceration,  but  usually  there  is  some  indication  of  the  calices  pre- 
served. 

The  Pelvis  and  Ureter  partake  in  the  tuberculosis,  and  the  latter  is 
often  infiltrated  either  in  patches  or  throughout.  Its  wall  is  greatly 
thickened,  and  its  internal  surface  often  presents  an  almost  continuous 
layer  of  caseous  matter. 


Fig.  320. — Tuberculosis  of  kidney  with 
hydronephrosis.     At  lower  part  a  ragged 
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There  is  sometimes  a  partial  Hydronephrosis  (as  in  figure)  along  with 
the  tuberculosis,  from  the  caseous  matter  obstructing  the  ureter.  It 
also  happens  sometimes  that  tuberculosis  in  one  kidney  is  associated 
■with  hydronephrosis  in  the  other.  In  such  cases  the  tuberculosis  of 
the  bladder,  affecting  the  orifice  of  the  ureter,  has  caused  obstruction  of, 
it  and  hj'^dronephrosis  has  ensued. 

The  tuberculosis  sometimes  attacks  a  pervious  branch  of  the  Renal  i 
artery,  and  the  tubercular  virus  is  disseminated  over  the  area  of 
distribution  of  the  artery.  Hence  it  is  not  uncommon  to  find  a  larger 
or  smaller  wedge-shaped  piece  of  kidney  occupied  by  closely  aggregated 
tubercles,  while  there  is  a  comparatively  slight  tuberculosis  of  the 
j)elvic  portions. 

3.  General  tuberculosis. — A  Chronic  general  tuberculosis  is  not 
uncommon  in  children,  in  the  form  of  yellow  masses,  usually  softened 
in  the  central  parts.  This  is  associated  with  tuberculosis  in  other  parts, 
usually  in  the  lungs.  In  adults,  phthisis  pulmonalis  is  frequently  as- 
sociated with  a  few  tubercles  in  the  kidneys  as  well  as  in  the  liver,  but 
they  are  of  comparatively  small  size. 

In  Acute  general  tuberculosis  there  are  numerous  tubercles  in  the 
kidneys,  mostly  in  the  cortex.  They  are  usually  elongated  in  shape  and 
visible  to  the  naked  eye  as  small  -pale  areas.  Under  the  microscope 
they  are  found  to  be  caseous  in  their  central  parts  while  peripherally 
their  cells  infiltrate  between  the  tubules. 

Literature. — Negel,  De  la  syph.  r6nale,  1880;  Seller,  D.  Arch.  f.  klin.  Med., 
xxix. ;  CuBT  Jani  unci  Weigeet,  Vircli.  Arch.,  eiii.  522, 1886 ;  ILlnan,  ibid.,  ciii.  221, 
1887  ;  Nasse,  ibid.,  cv.  173,  1886  ;  Baumgaeten,  Tuberculose,  1885. 

X.— TUMOUES  OP  THE  KIDNEY. 

Fibromas  are  frequently  met  vidth  in  the  kidneys  in  the  form  of  small 
white  tumours  of  no  practical  significance,  but  they  have  also  been 
found  of  large  size.  Lipomas  are  very  rare  in  the  kidney,  but  the 
fatty  external  capsule  sometimes  forms  a  bulky  tumour  {Lipoma 
capsulare). 

Cysts. — Cysts  of  various  kinds  are  of  peculiarly  frequent  occurrence  in 
the  kidneys,  and  they  probably  all  arise  as  Retention  cysts  by  obstruc- 
tion of  tubules. 

In  the  contracted  kidney  it  is  common  to  meet  with  small  cysts 
which  are  the  result  of  dilatation  of  the  uriniferous  tubules  and 
Malpighian  capsules  from  obstruction  of  the  tubules. 

Simple  cysts  are  frequently  met  with  in  kidneys  which  are  other- 
wise perfectly  normal,  and  the  cysts  themselves  do  not,  as  a  rule, 
seriously  interfere  with  the  functions  of  the  organ.    They  are  larger  or 
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jiinaller  well-formed  cysts,  which  not  infrequently  project  from  the  sur- 
face of  the  organ.  They  contain  usually 
a  clear  fluid,  but  the  contents  are  some- 
times colloid  in  character.  The  wall  of 
the  cyst  is  composed  of  connective 
tissue  lined  with  a  proper  tesselated 
epithelium.  These  cysts  sometimes 
grow  to  a  large  size  and  may  push 
aside  the  renal  tissue  to  a  large  extent. 
It  is  probable  that  they  are  of  con- 

j,  genital   origin,   arising  by  foetal  ob- 

I  struction  of  one  or  more  uriniferous 

I  tubules. 

Cystic  transformation  of  the  kidneys 

is  also  a  condition  of  congenital  origin, 
.  at  least  in  many  cases  and  probably  in 
.  all.     The  whole  kidney  is  converted 

into  a  congeries  of  cysts  of  larger  and 
:  smaller  size.    The  cysts  form  rounded 

prominences  from  the  surface,  and  on     Fig.  aoi.-cystic  transfoi-mation  of  kid- 

SPPtinn    ^W^a■      ^•')^\    fVi/iTT  „„„       i      "'^y-    The  organ  is  shown  in  section,  and 

bection    {^t!lg.    dZL)    they    are    seen    to   is  made  up  of  a  congeries  of  cysts  of 

1  replace  the  renal  tissue.  The  wall  of  '^"""^  ^i^'^^-  0'i«chovv.) 
.  «ach  cyst  is  composed  of  a  tunica  propria  with  well-formed  tesselated 
<  epithelium  lining  it.  It  contains  usually  a  clear  fluid,  but  the  fluid 
imay  be  brownish  or  even  hsemorrhagic,  and  it  is  noteworthy  that 
•It  contains  the  constituents  of  the  urine,  often  with  albumen,  and 
^  sometimes  throws  down  a  granular  precipitate  of  uric  acid.  Between 
t  the  cysts  there  is  very  little  space,  but  there  are  traces  of  remaining 
renal  tissue,  and  the  pelvis  and  ureter  are  present.  The  outline  of 
•the  organ  is  greatly  enlarged,  measuring  sometimes  in  the  new-born 
child  as  much  as  eight  inches  by  four. 

Kidneys  of  this  kind  have  been  frequently  met  with  in  new-born 
children,  and  from  their  size  they  may  seriously  interfere  with  parturi- 
tion, even  requiring  evisceration  before  delivery  can  be  effected.  It  is 
of  importance  to  note  that  this  condition  often  co-oxists  with  other 
congenital  defects  such  as  hydrocephalus,  defective  urinary  bladder, 
«  and  horse-shoe  kidney. 

But  cystic  degeneration  is  also  met  with  in  the  adult,  and  it  is 
remarkable  that  the  functions  of  the  organs  may  be  preserved  for  a  long 
time,  although  both  kidneys  are  composed  of  a  congeries  of  cysts. 
The  author  met  with  a  case  in  which  the  patient  died  at  the  ago  of 
forty-three.     For  eighteen  years  before  his  death  there  had  been 
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recurring  attacks  of  hajmaturia,  and  he  at  last  died  with  uraeniit- 
symptoms.  The  kidneys  were  much  enlarged  and  cystic,  but  with 
some  renal  tissue  remaining  between  the  cysts. 

The  cystic  degeneration  in  all  probability  arises  by  obstruction 
of  the  uriniferous  tubules.  Virchow  has  found  in  some  congenital 
cases  an  obstruction  of  the  papillae  apparently  from  a  foetal  inflamma- 
tion. The  fact  that  these  cysts  contain  the  urinarj'-  constituents  is  also 
much  in  favour  of  the  view  that  they  arise  by  obstruction  of  the 
tubules.  Those  met  with  in  the  adult  are  also  most  probably  of 
congenital  origin,  although  they  have  grown  on  into  adult  life.  In  the 
author's  case  there  was  a  congenital  malformation  of  the  aortic  valve, 
indicating  perhaps  a  proclivity  to  malformations. 

.In  a  considerable  number  of  cases  the  cystic  kidney  has  been  found 
along  with  multiple  cysts  in  the  liver.  In  some  cases  there  were  also 
cysts  in  the  pancreas,  in  the  lungs,  etc.  (Pye  Smith). 

Dermoid  cysts  are  also  met  with  in  the  kidneys. 

Adenoma. — This  form  of  tumour  is  described  as  occurring  in  the 
kidneys  in  the  form  of  defined  solitary  growths  of  various  sizes  up  to 
that  of  a  walnut.  They  occur  in  the  cortical  substance,  and  arise  from 
the  convoluted  tubules.  According  to  structure  two  forms  are  de- 
scribed, a  papillary  and  an  alveolar,  these  resembling  the  corresponding 
forms  in  the  ovaries. 

The  true  adenoma  is  rare,  and  usually  forms  a  small  tumour  of  no 
special  significance. 

A  form  of  tumour  has  been  described  as  consisting  of  pieces  of  Dis- 
placed suprarenal  capsule.  The  tumours  lie  immediately  under  the 
capsule  and  are  distinctly  defined  from  the  kidney  tissue.  Under  the 
microscope  they  show  cylindrical  masses  of  cells  which  are  infiltrated 
with  fat. 

Primary  sarcoma. — This  occurs  in  various  forms.  It  is  stated  that 
cases  described  as  cancer  are  frequently  sarcomas  (Dickinson).  The 
early  age  at  which  cancers  of  the  kidney  are  stated  to  occur  lends 
support  to  this  view,  as,  in  general,  children  are  much  more  liable  to' 
sarcomas  than  cancers. 

The  forms  chiefly  met  with  are  round-celled  and  spindle-celled 
sarcoma,  myxosarcoma,  and  myosarcoma.  The  tumours  generally 
grow  rapidly  and  may  assume  large  dimensions.  They  occur  mostly 
in  early  life. 

The  Myosarcoma  is  a  specially  interesting  form.  It  is  composed  of 
round  or  spindle-celled  tissue  with  which  is  mixed  striped  muscle  in  the 
form  either  of  elongated  cells  or  cylinders.  The  tumour  is  probably 
congenital  in  its  origin,  being  only  met  with  in  very  young  children 
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(under  eighteen  months).  It  grows  rapidlj^  and  is  usually  bilateral. 
The  view  of  Cohnheim  is  probably  correct,  that  the  tumours  arise  by 
fcetal  inclusion.  The  first  rudiment  of  the  uro-genital  organs  is  close  to 
the  proto-vertebrse,  and  it  seems  probable  that  some  of  the  germinal 
muscle  cells  from  the  latter  have  been  included  with  the  cells  forming 
the  rudiments  of  the  kidney,  and  have  afterwards  formed  the  tumours. 

Metastasis  has  been  observed,  and  in  one  case  the  secondary  tumours 
contained  muscle. 

Primary  cancer. — This  tumour  is  usuallj'-  unilateral,  although  there 
have  been  cases  of  bilateral  cancer.  The  tumour  is  virtually  a  cancerous 
degeneration  of  the  organ.  The  kidney  may  be  completely  converted 
into  a  tumour  which  sometimes  attains  a  very  large  size,  retaining  the 
general  shape  of  the  organ  and  covered  by  its  capsule.  The  pelvis  is 
also  usually  recognizable  although  the  cancerous  tissue  may  have  grown 
into  it.  But  in  some  cases  only  a  part  of  the  kidney  is  involved, 
and  in  that  case,  while  the  affected  part  retains  the  general  shape  of  the 
organ,  although  enlarged,  the  remaining  piece  of  kidney  has  quite  its 
normal  appearance.  To  the  naked  eye  it  is  as  if  a  portion  of  kidney 
were  transformed,  and  with  the  microscope  it  can  be  seen,  at  the 
margin  of  normal  and  pathological,  that  the  tumour  is  advancing  by  a 
conversion  of  the  proper  kidney  tissue.  The  epithelium  of  the  tubules 
is  multiplying  so  as  to  form  the  cancerous  epithelium,  and  is  becoming 
irregular  in  form  (Fig.  322),  while  the  cancerous  stroma  is  being  formed 
of  the  connective  tissue  of  the  organ. 


Fig.  32'?. — A  uriniferous  tubule  at  the  border  of  advancing  cancer.  The  epi- 
thelium is  undergoing  transformation,    x  :J00. 


In  regard  to  the  form  of  cancer,  there  are  some  cases  in  which  the 
structure  has  been  that  of  the  cylinder-celled  epithelioma,  in  others 
more  that  of  ordinary  cancer.  A  jjartial  colloid  transformation  has 
been  observed  in  a  few  cases.  Whatever  the  form  the  tissue  seems 
to  originate  from  the  kidney  stnictures. 

The  tumour  is  usually  very  soft,  but  it  is  generally  confined  within 
the  capsule  of  the  kidney.  If  it  passes  beyond  the  capsule  it  does  so 
more  readily  into  the  retro-peritoneal  tissue  than  to  the  peritoneum, 
and  it  may  thus  extend  along  the  wall  of  the  trunk  into  the  pleura. 
.  The  growing  tumour  not  infrequently  extends  into  the  pelvis  of  the 
kidney  and  the  renal  veins.    Hence  arise  hrematuria  on  the  one  hand. 
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and  thrombosis  of  the  veins  on  the  other.  The  thrombosis  may  be  very 
extensive,  the  clot  pro^Dagating  itself  in  various  directions. 

In  a  case  observed  by  the  author  there  was  a  very  extensive  thrombosis,  involving 
the  veins  of  both  legs.  In  another  case  cancerous  elements  were  present  in  the 
thrombus,  and  some  of  these  had  been  conveyed  to  the  Ivmgs ;  they  were 
detected  along  with  the  clot  inside  the  pulmonary  artery,  embolism  having 
occurred. 

Secondary  tumours. — Metastatic  tumours  are  not  frequent  in  the 
kidneys.  Cancers  and  Sarcomas  occur.  Melanotic  sarcoma  also 
occurs. 

Malignant  lymphoma  and  Leukaemic  tumours  are  perhaps  the  com- 
monest. As  seen  with  the  naked  eye,  they  form  rounded  tumours 
affecting  the  cortex  chiefly,  and  causing  great  enlargement.  Under  the 
microscope  they  present  round-celled  tissue  infiltrated  between  the 
tubules. 

Literature. — Cysts — Hayek,  Traite  des  malad.  des  reins,  iii. ;  Yiechow,  Ges. 
Abhandl.,  871 ;  Eve,  Path,  trans.,  xxxi.  164,  1880 ;  Pye-Smith,  ibid.,  xxxii.,  1881, 
and  xxxvi.,  1885  ;  Thoen,  Beitr.  zur  Genese  d.  Cysteniere,  1882.  Adenoma — Stubm, 
Archiv.  d.  Heilk.,  1875;  Weichselbaum  u.  Gheenish,  Oest.  Med.  Jahrb.,  1883; 
Geawitz,  Virch.  Arch.,  xciii.,  1883;  Maechand,  ibid.,  xcii.,  1883.  tiarcoina — 
Dickinson,  1.  c. ;  Newman,  1.  c.  Mijosarcoma — Cohnheim,  Virch.  Arch.,  Iv.,  1872, 
and  Ixv.,  1875  ;  Eve,  Path,  trans.,  xxxiii.,  1882 ;  Williams,  ibid. ;  Bibbeet,  Virch. 
Arch.,  cvi.,  1886.  Cancer — Waldeyee,  Virch.  Arch.,  Ixi.  and  Ixiv.,  1875  ;  Peeever- 
SEFF,  ibid.,  lix.,  1874;  Ebstein,  D.  Arch.  f.  klin.  Med.,  xxx.;  Gaiedner  and  Coats, 
Glasg.  Med.  Jour.,  iii.,  1871 ;  Beodedr,  Affections  du  Eein,  1886,  p.  170 ; 
Newman,  1.  c. 


XI.— PAEASITES  IN  THE  KIDNEY. 

The  Echinococcus  is  of  occasional  occurrence,  sometimes  along  with 
a  simultaneous  hydatid  cyst  of  the  liver.    There  is  here,  as  in  the  liver, 


Fisr.  32;!.— Section  of  a  .stratified  oljitiuous  niombraiie  from  an  old  liydatid  cyst  of  kidney,    x  00. 


a  large  mother  cyst  surrounded  by  a  distinct  connective-tissue  capsule, 
and  containing  the  usual  daughter  cysts  and  brood-capsules.    The  cyst 
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not  infrequently  bursts  into  the  pelvis  of  the  kidney,  and  the  daughter 
cysts  and  heads  may  be  evacuated  by  the  urine.  Sometimes  by 
obstructing  the  ureter  they  lead  to  hydronephrosis.  Eupture  also 
occurs  into  the  pleura. 

Sometimes  the  parasite  dies,  and  the  cyst  comes  to  be  occupied  by  a 
pultaceous  material  in  which  the  remains  of  the  chitinous  membrane  are 
found  (Fig.  323).  The  stratified  character  of  this  membrane  is  here,  as 
in  the  case  of  the  liver,  of  assistance  in  distinguishing  the  nature  of  the 
cyst,  especially  as  all  other  trace  of  the  parasite,  even  the  booklets,  may 
have  disappeared.  The  kidney  tissue  may  be  considerably  opened  up 
and  pushed  aside  by  this  parasite. 

The  Filaria  sanguinis  occurs  probably  in  the  adult  form  in  the 
lymphatic  vessels  of  the  kidney.  The  embryoes  have  been  met  with 
in  the  parenchyma  of  the  kidney  and  in  the  Chylous  urine,  which  is 
the  result  of  the  presence  of  the  parasite  (see  p.  344). 

Literature.— EoMESTAu,  Des  Kystes  hydatiques  des  reins,  1881 ;  Babkee,  Cystic 
entozoa  of  human  kidney,  1856  ;  Manson,  Filaria  sang.,  1883  ;  Lewis,  Memoirs,  1888. 


B. — The  Urinary  Bladder  and  Urethra. 

1.  Congenital  malformations.— These  are  chiefly  represented  by 
Extroversion  of  the  bladder,  already  described  at  page  48,  and  Per- 

:  sistance  of  the  urachus,  which  is  a  minor  degree  of  a  similar  mal- 
formation. 

2.  Perforation  and  Eupture  of  the  bladder. —Eupture  may  be 
i  produced  in  various  ways.  It  may  be  by  a  direct  wound,  by  fracture 
•  of  the  pelvis,  by  injuries  during  parturition.  Then  ulceration  not 
1  infrequently  produces  perforation,  ulceration  from  stone  on  i^are  occa- 
■  sions,  but  most  frequently  the  ulceration  of  a  cancer.  Lastly,  the 
I  bladder  may  be  ruptured  by  a  blow,  or  by  a  catheter  being  jaushed 
t  through  its  wall. 

These  conditions  are  important  chiefly  in  their  consequences,  leading, 

as  they  commonly  do,  either  (1)  to  extravasation  of  urine  in  the  sur- 
"  rounding  tissue,  or  (2)  to  the  formation  of  fistulous  communications 

with  the  surface  or  with  ncie;hbouring  canals. 

Simf)le  Extravasation  of  urine  is  not  in  itself  serious.  The  normal 
'  urine  is  a  bland  fluid,  and  it  may  flow  from  a  severed  ureter  or  a 

ruptured  bladder  into  the  peritoneal  cavity  without  producing  anj- 
:  peritonitis,  the  urine  being  absorbed  by  the  peritoneum  and  again 

excreted  by  the  kidney.  It  is  when  the  extra vasted  urine  undergoes 
'  alkaline  decomposition  that  it  acquires  excessively  irritating  characters. 
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The  urine  being  an  exceedingly  decomposable  fluid,  and  being  kept  at 
the  temperature  of  the  body,  rapidly  decomposes  if  the  proper  organ- 
isms find  access  to  it.  The  products  of  decomposition  lead  to  the  usual 
violent  septic  inflammations  associated  vnth  necrosis  and  suppuration. 

Fistulous  openings  from  rupture  of  the  bladder  may  be  into  the 
uterus  or  vagina,  into  the  rectum,  or  on  to  the  surface  of  the  skin. 
From  these  fistulse  the  urine  passes  involuntarily  as  it  reaches  the 
bladder,  there  being  no  sphincter  to  retain  it.  They  occur  also  as  a 
result  of  perforation  of  the  bladder  from  without,  especially  from  the 
uterus  and  vagina,  the  cause  of  perforation  being  sometimes  cancer  of 
these  parts,  sometimes  sloughing  from  injury  during  parturition. 

3.  Dilatation  and  Hypertrophy  of  the  bladder.— A  simple  dila- 
tation may  occur  from  a  sudden  obstruction  to  the  urethra,  or  from 
paralysis  of  the  muscles  concerned  in  emptying  the  bladder.  In  this 
way  a  very  extreme  general  dilatation  may  result. 

Hypertrophy  of  the  muscular  coat  is  of  very  frequent  occurrence  as 
a  result  of  some  obstruction  either  at  the  neck  of  the  bladder  or  in  the 
urethra.  The  commonest  cause  is  enlargement  of  the  prostate  leading 
to  the  prominence  of  the  so-called  middle  lobe  at  the  internal  orifice  of 
the  urethra. 

The  muscular  coat  of  the  bladder  is  in  the  form  of  bundles  of  muscular 
fibre-cells  which  run  in  special  directions.  The  muscular  coat  is  there- 
fore not  a  homogeneous  layer,  but  more  like  a  network  of  interlacing 
bands.  It  is  so  at  least  when  the  bladder  is  distended,  the  bands 
coming  closer  together  as  the  bladder  contracts.  When  hypertrophy 
occurs  these  bundles  increase  greatly  in  size,  and  the  internal  ones  raise 
the  mucous  membrane  into  elongated  prominences.  As  the  bundles 
interlace,  the  result  is  that  the  internal  surface  of  the  bladder  presents 
a  network  of  prominent  trabeculse  which  suggest  the  appearance  of  the 
internal  surface  of  a  ventricle  of  the  heart. 

As  these  trabecular  interlace,  little  spaces  are  left  between  them  in 
the  form  of  small  pouches.  Sometimes  these  pouches  undergo  con- 
siderable enlargement,  and  we  may  have  Diverticula  formed  in  this 
way.  The  diverticulum  is  originally  formed  of  the  mucous  membrane 
pushed  out  between  the  thickened  muscular  trabecular.  When  small  it 
will  be  contained  in  the  thickened  wall  of  the  bladder  and  emptied 
during  micturition.  But  as  it  deepens  and  projects  outside  the  wall  of 
the  bladder  it  becomes  free  of  the  muscular  coat,  and  as  it  possesses  no 
muscular  coat  of  its  own  the  effect  of  contraction  of  the  bladder  diu'ing 
micturition  will  be  to  force  the  urine  into  it,  just  as  it  is  forced  into  the 
urethra.  The  diverticulum  is  liable  in  this  case  to  periodical  dilatation. 
The  urine  also  will  stagnate  in  it,  and  if  decomposition  occurs,  then  there 


DISEASES  OF  BLADDER. 


847 


will  be  inflammatory  disturbances  in  the  wall  of  the  diverticulum. 
Newformation  of  connective  tissue  occurs,  and,  as  this  tissue  is  at  first 
soft,  the  recurring  dilatation  during  micturition  causes  it  to  yield  so  that 
a  continuous  enlargement  goes  on.  In  this  way  we  sometimes  meet 
with  a  large  sac,  usually  behind  the  bladder  and  communicating  with  it 
by  a  narrow  neck  (Fig.  324).    The  sac  may  be  larger  than  the  bladder 


Fig.  324.— Large  diverticulum  of  urinary  bladder ;  a,  bladder  with  gi-eatly 
thickened  wall ;  e,  prostate  and  prostatic  urethra ;  6,  diverticulum  with 
fibrous  wall;  c,  aperture  between  bladder  and  diverticulum;  d,  rectum. 
(From  a  preparation  in  Museum  of  Western  Infirmary.) 


itself,  and  it  presents  a  somewhat  thick  fibrous  wall  with  signs  of  recent 
inflammation  internally. 

In  diverticula  of  moderate  or  large  size  calculi  are  liable  to  form  from 
stagnation  of  the  urine.  Or  a  calculus  may  slip  into  such  a  pouch 
and  escape  detection  with  the  sound. 

4.  Disturbances  of  the  circulation  in  the  bladder. — Passive  hyper- 
semia  occurs  in  consequence  of  obstruction  in  the  veins  by  tumours  in 
the  abdomen  or  otherwise.  Sometimes  in  such  cases  the  veins  of  the 
mucous  membrane  undergo  great  dilatation  and  become  varicose,  espe- 
cially in  the  floor  of  the  bladder,  giving  rise  to  Vesical  hEemorrhoids. 
The  dilated  veins  may  even  obstruct  the  orifice  of  the  urethra,  and 
there  is  sometimes  hsemorrhage  from  them. 

Haemorrhage  from  the  bladder  occurs  also  in  consequence  of  the 
irritation  of  calculi,  from  tubercular  ulcers,  from  papillary  and  cancer- 
ous tumours.  There  may  be  haemorrhages  from  the  mucous  membrane 
in  scurvy,  hfemorrhagic  small-pox,  etc.  There  is  sometimes  a  hajmor- 
rhage  following  catheterization,  and  probably  due  to  the  sudden  relief 
of  pressure  from  the  emptying  of  the  bladder,  without  a  sufiiciont  con- 
traction of  the  muscular  coat.  If  the  bleeding  into  the  bladder  be 
considerable  the  blood  may  coagulate,  and  may  be  discharged  with 
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some  difficulty.  Or  it  may  mix  itself  with  the  urine,  and  no  consistent 
coagulum  be  formed. 

5.  Inflammation  of  the  bladder. — This  occurs  as  a  consequence  of 
various  kinds  of  irritation.  Stone  may  produce  it,  and  the  extension  of 
gonorrhoea,  but  by  far  the  most  frequent  cause  of  it  is  alkaline  decom- 
position of  the  urine. 

The  decomposition  is  due  to  the  introduction  of  microbes  and  their 
propagation  in  the  contents  of  the  bladder.  They  are  usually  intro- 
duced by  the  catheter.  In  a  healthy  bladder  such  introduction  produces 
no  effect,  the  growth  of  the  microbes  being  inhibited  by  the  normal 
mucous  membrane.  In  cases  of  paralysis  of  the  bladder,  or  of  dilatation, 
especially  when  combined  with  a  certain  amount  of  inflammation,  the 
microbes  multiply.  This  is  particularly  the  case  when  there  is  stagna- 
tion of  the  urine,  and  the  bladder  has  to  be  relieved  at  intervals  by 
catheterization.  Besides  being  carried  in  by  the  catheter,  the  bacteria 
may  find  other  means  of  entrance,  as  by  fistulous  openings.  It  is  not 
impossible  that  in  the  case  of  the  short  female  urethra  they  may  propa- 
gate along  that  passage  from  the  vagina. 

The  products  of  decomposition  produce  the  usual  inflammatory 
manifestations  with  various  degrees  of  violence.  In  very  acute  cases 
there  is  great  swelling  of  the  mucous  membrane,  it  may  be  with  super- 
ficial or  deep  sloughing.  In  more  chronic  cases  the  mucous  membrane 
gets  thickened  and  very  frequently  becomes  the  seat  of  ulceration,  so 
that  with  thickening  and  ulceration  there  is  very  great  irregularity  of 
the  surface,  sometimes  with  polypoid  projections.  The  surface  is  occa- 
sionally incrusted  with  phosphates  deposited  by  the  alkaline  urine. 
The  muscular  coat  is  often  thickened,  especially  when  there  is  at  the 
same  time  obstruction  to  the  passage  of  the  urine,  and  there  is  the 
usual  trabecular  appearance,  but  obscured  by  the  thickening  of  the 
mucous  membrane.  The  bladder  may  undergo  great  contraction  in 
consequence  of  this  chronic  inflammation,  the  new-formed  tissue  in  the 
mucous  membrane  shrinking. 

The  urine  contains  the  inflammatory  exudation  as  well  as  the  pro- 
ducts of  decomposition.  In  acute  cases  there  may  be  considerable 
quantities  of  pus.  In  more  chronic  cases  the  urine  is  thick  and  gela- 
tinous like  a  mucous  secretion.  The  toughness  does  not,  however,  de- 
pend on  the  presence  of  mucin,  but  is  occasioned  hy  the  albumen  of  the 
inflammatory  exudation  being  acted  on  by  the  alkaline  salts  in  the  urine. 
It  is  well  known  that  the  presence  of  pus  in  the  urine  may  be  detected 
by  adding  an  alkali ;  the  urine  assumes  a  gelatinous  character.  The 
pus  and  other  inflammatory  products  in  the  bladder  are  similarly  acted 
on  when  the  urine  becomes  alkaline,  and  we  have  the  viscid  character 
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referred  to.  Under  the  microscope  the  urine  presents  abundant  pus 
corpuscles  and  epithelium,  with  immense  numbers  of  bacteria  and 
crystals  of  phosphates. 

6.  Tuberculosis  of  the  bladder.— This  condition  is  usually  only  a 
part  of  much  more  extensive  tuberculosis.  There  is  often  a  coincident 
tuberculosis  of  the  kidney  and  ureter  (see  above).  The  vesiculee  semin- 
ales,  vas  deferens,  and  testicle  are  frequently  affected,  and  the  bladder 
affection  is  often  due  to  propagation  from  the  testicle. 

The  tuberculosis  is  in  the  form  of  ulcers  of  the  mucous  membrane 
which  at  first  are  circular,  but  acquire  various  shapes  by  coalescence 
(Fig.  325).    The  ulcers  are  mostly  superficial  and  their  edges  very 


Fig.  325.— Tuberculosis  of  the  bladder.  Many  round  or  serpiginous 
ulcers  are  shown.  Tlicse  are  superficial,  but  are  defined  by  their  white 
edges  which  represent  recent  tubercles.  There  are  several  white  snots  in- 
dicating tubercles  which  have  not  yet  ulcerated.    (Viucuovv.)  ' 

slightly  raised,  the  latter  having  a  pale  colour  so  that  the  ulcer  is  sur- 
rounded by  a  whitish  zone.  The  disease  begins  by  the  formation  of 
'tubercles  in  the  mucous  membrane.  These  break  down  and  form  ulcers, 
•  which  continuously  extend  by  the  further  tuberculosis  of  their  walls  and 
the  breaking  down  of  the  infiltration.  The  general  appearances  of  these 
ulcers  are  very  well  shown  in  the  annexed  figure  from  Virchow's  work 
on  tumours.  Their  superficial  character  renders  them  liable  to  be  over- 
looked. 

3  H 
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7.  Tumours  of  the  bladder.— A  few  cases  of  Fibroma  and  Myoma 
have  been  described,  but  they  are  rare.  A  much  commoner  tumour  is 
the  Papilloma.  This  is  met  with  for  the  most  part  in  the  inferior 
parts  of  the  bladder,  and  foi^ms  either  a  prominent  mass  with  projecting 
papillae  or  else  a  surface  covered  by  villi.  The  tendency  of  these  villi 
to  bleed  is  an  important  fact.  Sometimes  the  villi  break  down  and  an 
ulcer  forms.  In  any  case  they  discharge  abundant  epithelium,  which  is 
to  be  found  in  the  urine,  and  is  not  to  be  taken  as  evidence  of  the 
existence  of  cancer. 

Cancer  of  the  bladder  is  mostly  met  with  in  the  form  of  villous 
cancer,  the  wall  of  the  bladder  beneath  the  villi  being  infiltrated  with 
the  cancerous  structures.  In  some  cases  the  structure  gives  way  and  a 
cancerous  ulcer  with  raised  edges  is  the  result.  There  are  also  cancers 
without  any  villous  projections  of  the  surface.  The  cancer  may  extend 
to  neighbouring  structures,  but  it  is  much  more  common  for  a  cancer 
orieinatine  in  the  uterus  or  rectum  to  extend  into  the  bladder  than  for 
the  reverse  process  to  occur.  We  have  already  seen  that  fistulous  com- 
munications occur  in  this  way. 

Cj'sts  have  been  found,  esjDecially  in  the  posterior  wall  of  the  bladder. 

8.  Parasites. — If  we  except  the  bacteria  already  referred  to,  parasites 
in  the  bladder  are  of  secondary  importance.  We  have  already  seen  that 
the  echinococcus  may  burst  into  the  pelvis  of  the  kidney,  and  portions 
of  the  parasite  will  pass  into  the  bladder.  Ascarides  and  oxyurides  have 
been  found  to  wander  into  the  bladder.  The  distoma  haematobium,  as 
we  have  seen,  by  the  penetration  of  its  ova  may  produce  considerable 
irritation  and  haemorrhage.  The  filaria  sanguinis  is  also  found  in  the 
bladder  as  in  the  kidney  and  its  pelvis. 

Sarcinse  have  been  occasionally  found  in  the  urine.  From  what  has 
already  been  stated  as  to  their  development  from  the  blood,  their 
occurrence  here  will  be  understood.  They  are  met  with  in  cases  of 
inflammation  of  the  bladder. 

9.  Concretions  and  Calculi  in  the  bladder. — The  most  frequent  con- 
stituents of  urinary  calculi  are  phosphates,  uric  acid  and  oxalate  of 
lime.  Phosphates  are  precipitated  from  alkaline  urine,  uric  acid  and 
oxalate  of  lime  from  acid  urine.  Phosphates  are  deposited  abundantly 
when  urine,  after  being  passed,  undergoes  its  usual  alkaline 
decomposition;  uric  acid  and  oxalates  are  thrown  down  in  crystals 
when  the  urine,  at  the  time  of  evacuation  or  afterwards,  is  luiduly 
iicid,  the  deposition  of  oxalates  occurring  usually  some  time  after  the 
urine  has  been  passed,  so  that  this  precipitate  often,  as  it  were,  powders 
the  surface  of  other  deposits. 

Inside  the  bladder  or  the  pelvis  of  the  kidney,  phosphates  may  be 
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deposited  because  of  undue  alkalinity,  especially  in  the  case  of  alkaline 
decomposition  of  the  urine.  These  often  form  an  external  coating  on 
other  stones  when,  from  decomposition,  the  urine  has  become  alkaline. 
Phosphates  are  also  frequently  deposited  on  foreign  bodies  which  have 
found  their  way  into  the  bladder. 

In  the  case  of  Uric  acid  and  Oxalate  of  lime  it  seems  that  sometimes 
their  precipitation  is  due  to  an  excess  of  them  in  the  urine.  This 
applies  especially  to  the  oxalates,  and  there  are  undoubtedly  cases  in 
which  there  is  almost  continually  an  excess  of  oxalate  of  lime  in  the 
urine  (oxalic  acid  diathesis).  But  in  both  cases  the  substances  are  de- 
posited from  an  acid  urine,  and  in  the  case  of  uric  acid  it  must  be 
strongly  acid.  The  cause  of  this  abnormal  acidity  is  not  always  clear. 
In  some  cases  it  may  be  due  to  excessive  development  of  acid  in  the 
stomach. 

The  formation  of  calculi  of  uric  acid  and  oxalate  seems  always  to  begin 
in  the  kidney,  and  even  in  some  cases  in  the  uriniferous  tubules.  In  these 
and  in  the  pelvis  it  is  very  common  to  find  small  concretions  of  uric 
acid,  forming  the  so-called  Sand  and  gravel,  composed  of  aggregates 
of  uric  acid  crystals,  usually  rounded  in  shape  and  of  a  brownish  red 
colour.  There  may  even  be  large  concretions  of  uric  acid  in  the  pelvis 
of  the  kidney.  In  connection  with  the  formation  of  the  uric  acid  and 
oxalate  calculi  it  is  interesting  to  observe  that  the  two  bodies  are  often 
combined  in  one  calculus,  the  mulberry  stone  especially  having  fre- 
quently a  nucleus  of  lu-ic  acid,  and  perhaps  layers  of  it  alternating  with 
the  oxalate. 

Forms  of  calculi. — We  give  here  a  brief  description  of  the  different 
forms  of  calculi,  with  an  indication  of  the  chemical  methods  for  deter- 
mining their  constitution.  As  a  rule  it  is  convenient  to  have  the 
calculus  sawn  through  the  middle  with  a  lapidary's  saw,  so  that  the 
arrangement  of  its  layers  may  be  seen  and  the  character  of  its  nucleus. 

The  uric  acid  calculus  is  the  most  frequent  form.  It  is  usually  a 
small  oval  stone,  with  rounded  prominences  regularly  distributed 
over  the  surface.  The  colour  varies  from  a  light  fawn  to  a  deep  brick 
red.  It  is  heavy  for  its  size,  and  of  hard  consistence.  Uric  acid  is 
insoluble  in  water  and  dilute  acids,  but  very  soluble  in  caustic 
alkalies  and  weak  solutions  of  alkaline  carbonates.  A  convenient  test 
is  the  murexid  reaction.  A  fragment  of  the  calculus  is  treated  with  a 
drop  of  strong  nitric  acid  and  heated.  EflFervescence  occurs,  and  the 
heat  is  continued  till  a  dry  yellowish  red  residue  remains.  When 
caustic  ammonia  is  added  to  the  residue  a  bright  violet  red  hue  is 
developed. 

Calculi  formed  of  urates  are  rare,  the  salts  being  urates  of  ammonia 
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and  magnesia.  They  are  small  soft  concretions  formed  in  the  kidney, 
and  are  distinguished  by  their  solubility  in  boiling  water.  They 
hardly  deserve  to  be  reckoned  among  the  vesical  calculi. 

The  Oxalate  of  lime  or  Mulberry  calculus  is  a  very  important 
form.  Sometimes  small  stones  are  discharged  as  gravel,  forming 
smooth,  round,  greyish  balls  like  hemp  seeds.  The  calculus  proper  is 
mostly  of  an  irregularly  spherical  shape,  tuberculated  on  the  surface  like 
a  mulberry,  and  of  a  greyish  or  nearly  black  colour.  On  section  it 
is  seen  to  be  in  layers,  some  of  them  generally  composed  of  uric  acid, 
which  usually  forms  the  nucleus.  The  calculus  contains  abundant 
organic  material  which  holds  the  colouring  matter,  so  that  when  the 
oxalate  is  dissolved  out  the  organic  basis  often  retains  the  shape  of  the 
calculus.  Oxalate  of  lime  is  insoluble  in  the  alkaline  carbonates  and 
organic  acids,  but  soluble  in  nitric  and  hydrochloric  acids.  If  a  frag- 
ment be  heated  on  a  piece  of  platinum  before  the  blow-pipe  it  becomes 
black,  swells  up  and  leaves  a  bulky  white  ash  of  caustic  lime  which 
gives  a  strong  alkaline  reaction  with  litmus. 

Calculi  of  Basic  phosphate  of  lime  alone  are  very  rare.  They  form 
comparatively  small  yellowish  or  greyish  white  stones,  rather  hard  and 
smooth  on  the  surface. 

The  Mixed  or  Tribasic  phosphatic  calculus  is  very  common,  at 
least  many  calculi  are  partly  formed  of  phosphates,  although  few  are  so 
entirely.  The  phosphates  are  deposited  from  alkaline  urine  as  a  light, 
bulky,  white  sul)stance,  which  is  commonly  very  brittle.  The  salts  are 
insoluble  in  water  and  alkalies,  but  are  very  soluble  in  acids.  When  a 
fragment  is  heated  in  the  blow-pipe  flame,  the  salts  melt  and  form  a 
hard  enamel ;  hence  this  form  is  often  called  the  Fusible  calculus. 

The  Carbonate  of  lime  calculus  is  rare.  It  forms  small,  round,  soft 
stones.  The  salt  dissolves  with  effervescence  on  adding  an  acid,  leaving 
an  organic  matrix  of  the  shape  of  the  stone. 

Cystine  forms  calculi  in  persons  who  are  subjects  of  Cystinuria. 
It  appears  as  if,  by  a  congenital  derangement  of  the  nutritive  processes, 
such  persons  form  cystine,  to  a  certain  extent  probably  in  place  of  uric 
acid  ;  and  this  peculiarity  occurs  frequently  in  several  members  of  the 
same  family.  The  urine,  continuously  or  frequently,  contains  '  flat 
hexagonal  crystals  of  cystine,  and  these  may  be  already  present  in  the 
urine  at  the  time  of  evacuation,  or  may  be  deposited  after  the  urine  has 
stood  for  a  time.  The  cystine  may  begin  to  be  deposited  in  the  urini- 
ferous  tubules  so  that  calculi  are  formed  in  the  pelvis  of  the  kidney,  or 
it  may  be  deposited  in  the  bladder.  The  stones  are  oval  in  shape  and 
have  a  waxy  consistence.  The  surface  is  brownish  or  greenish  yellow 
in  colour,  and  crystals  can  often  be  separated  from  it.    The  stone  may 
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be  buried  in  a  shell  of  phosphates.  Cystine  is  soluble  in  alkalies, 
mineral  acids,  and  oxalic  acid. 

Xanthine  calculi  are  exceedingly  rare.  The  substance  is  allied  to 
uric  acid,  and  the  stones  are  like  those  of  uric  acid  but  of  a  redder 
colour.  On  applying  the  murexid  test  to  a  fragment  of  such  a  stone,  it 
is  found  to  dissolve  in  nitric  acid  but  without  effervescence;  the 
addition  of  ammonia  gives  an  orange  colour. 

DISEASES  OF  THE  UEETHEA. 

Injuries  to  the  urethra  are  chiefly  important  on  account  of  their 
tendency  to  lead  to  stricture.  Falls  on  the  perinseum  when  sufficiently 
severe  to  fracture  the  pelvis  usually  cause  rupture  of  the  urethra.  This 
is  followed  by  extravasation  of  urine,  which  may  lead  to  serious 
results.  In  case  of  recovery  the  wound  in  healing  draws  together  and 
leads  to  stricture,  which  may  even  amount  to  obliteration  of  the  canal. 

Injiu:ies  are  also  frequently  inflicted  from  within  by  the  passage  of 
bougies  and  catheters. 

Inflammations. — The  most  frequent  form  is  Gonorrhoea  which  we 
have  seen  to  result  from  the  action  of  the  gonococcus  (p.  295).  The 
mucous  membrane  in  the  acute  stage  is  red  and  swollen  and  there  is  a 
purulent  discharge,  mixed  with  blood.  The  inflammation  sometimes 
extends  to  the  surrounding  connective  tissue  or  to  the  spongy  tissue 
of  the  penis.  There  may  be  abscesses  so  formed,  and  in  some  cases  a 
thrombo-phlebitis  occurs,  with  resulting  pyaamia.  It  may  also  extend 
to  the  bladder.  The  acute  stage  passes  off"  and  usually  leaves  a  chronic 
inflammation  which  frequently  results  in  stricture. 

Other  foiTos  of  inflammation  are  rare.  There  may  be  a  simple 
catarrh,  especially  in  the  female  urethra,  propagated  probably  from 
the  vagina. 

Stricture. — Obstruction  of  the  urethra  occurs,  as  wo  have  seen,  in  con- 
sequence of  injuries.  As  it  is  mostly  the  membranous  part  of  the 
urethra  which  is  torn,  the  resulting  stricture  has  its  seat  there. 

Gonnorhcea  is  the  most  frequent  cause.  The  chronic  inflammation, 
which  so  frequently  remains  after  the  acute  stage  of  gonorrhoea, 
commonly  concentrates  itself  in  the  most  dependent  part  of  the  canal, 
which  is  the  point  of  union  between  the  membranous  and  spongy 
portions  or  the  first  part  of  the  spongy  portion.  Here  the  mucous 
membrane  remains  swollen,  and,  as  the  chronic  inflammation  continues, 
connective  tissue  is  formed,  both  in  the  mucous  membrane  and  for  some 
distance  around.  The  new-formed  tissue  is,  as  in  other  cases  of  chronic 
inflammation,  dense,  and  possesses  a  tendency  to  contract.  Its  con- 
traction narrows  the  canal,  which  may  be  found  embedded  in  an  ex- 
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ceedingly  dense,  almost  cartilaginous  tissue.  There  is  seldom  an  actual 
obliteration  of  the  canal,  such  as  occurs  more  readily  in  traumatic 
stricture. 

In  cases  of  stricture  False  passages  are  frequently  formed  by  the 
catheter.  These  have  their  distal  aperture  beyond  the  stricture,  and 
after  burrowing  through  beneath  the  mucouS'  membrane,  either  join 
the  urethra  on  the  proximal  side  or  pass  on  to  the  neck  of  the  bladder 
before  forming  a  communication. 

The  urethra  is  dilated  on  the  proximal  side  of  the  stricture,  and  this 
dilatation  may  be  propagated  to  the  bladder,  and  sometimes  to  the 
ureters  and  pelvis  of  kidney.  Sometimes  the  dilatation  of  the  urethra,  by 
widening  the  neck  of  the  bladder,  causes  paralysis  of  the  sphincter. 
Hypertrophy  of  the  bladder  is  a  common  result  of  stricture. 

Tumours  are  very  rare  in  the  urethra.  Carunculse  are  limited 
polypoid  outgrowths  from  the  mucous  membrane,  of  very  rare  occur- 
rence. Tuberculosis  occurs  in  association  with  the  same  disease  of  the 
bladder,  prostate  and  vesiculse  seminales.  Cancer  is  met  with  chiefly  in 
the  deep  parts  of  the  urethra  by  propagation  froni  prostate  or  bladder, 
and  in  the  distal  parts  by  propagation  from  the  glans  penis. 
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SECTION  IX. 

DISEASES  OF  THE  GENERATIVE  ORGANS. 

Hermaphroditism,  imphjing  co-existence  of  both  aexes,  clwfy  a  Psevdo-herma- 
phrodiiism  in  various  forms. 

Subsection  I. — Diseases  of  Female  Orga>s. 

A.  Uterus,  Vagina,  Tubes,  and  Ovaries.  I.  Malformations— 1.  Defective 
formation.  2.  Duplicity  of  uterus  and  vagina.  II.  Misplacements  of  Uterus 
— 1.  Prolapse  or  descent.  2.  Prolapse  of  vagina.  3.  Inversion  of  uterus.  4. 
Flexions  and  versions.  5.  Other  displacements.  III.  Thrombosis  and  Hemor- 
rhage. IV.  Atrophy,  Hypertrophy,  and  Dilatation  of  Uterus.  V.  In- 
flammations—!. Of  the  7iterus  (a)  Endometritis,  (b)  Metritis;  2.  Around  the 
uterus  (a)  Salpingitis,  (b)  Perimetritis,  (c)  Oophoritis,  (d)  Parametritis.  {Puer- 
peral fever.)  VI.  Extra-uterine  PREGNANCY,  c/mV/?/ teiaZ.  VII.  Syphilis 
AND  Tuberculosis.  VIII.  Tumours  of  uterus.  1.  Myoma,  2.  Cancer,  3. 
Sarcoma,  4.  Polypi  and  adenomata.  IX.  Tumours  of  ovaries  and  broad 
ligament.  Introduction,  1.  Simple  cysts,  2.  Colloid  ovarian  cystoma,  3.  Papil- 
lomatous cysts  of  ovary,  4.  Cysts  of  broad  ligament  and  Parovarium,  Dermoid 
cysts,  6.  Cancer,  1 .  Sarcoma.    (Tubo-ovarian  cysts.) 

B.  Fcetal  membranes  and  placenta.  1.  A J'ections  of  decidva.  2.  Hydatid  mole. 
3.  Diseases  of  placenta. 

C.  Mammary  (iLand.    I.  Mai  formations.  Inflammations,  etc.     II.  Tumours. 

1.  Adenoma  and  Fibroma.,  2.  Myoma,  3.  Sarcoma,  4.  Cancer  in  various 
forms,  0.  Cyst.s.  Parasites. 

Subsection  II. — Diseases  or  Male  Organs. 

A.  Testicle  and  Tunica  vaginalis.    1.  Malformations  and  Misplacements, 

2.  Inflammations,  3.  Syphilis,  4.  Tuberculosis,  5.  Tiimonrs,  including  cysts, 
sarcomas,  enchondromas,  and  others,  6.  Hydrocele,  7.  Spermatocele. 

B.  Penis,  Scrotum,  and  Prostate— ^ZVicfr  raricvs  diseases. 

HEEMAPHRODITISM. 

niHIS  name  implies  the  union  of  the  two  sexes  in  the  same  individual. 
So  far  as  the  internal  organs  are  concerned  such  a  condition  is 

rendered  possible  by  the  fact  that  in  every  foetus  the  crobryoin'c  sti'uc- 
I  tures  for  both  sexes  are  present  at  a  certain  period  of  development ;  the 
^Wolffian  ducts  go  to  form  the  male,  and  the  Miillerian  ducts  the  female 


856 


HERMAPHRODITISM. 


organs.  It  is  by  the  subsequent  retrogression  of  one  of  these  and  -he 
preponderance  of  the  other  that  the  sex  of  the  child  is  determined.  In 
the  adult  female  the  testicle  is  still  represented  by  the  parovarium,  while  in 
the  adult  male  the  ovary  is  represented  by  the  hydatid  of  Morgagni  which 
lies  beside  the  epididymis,  and  the  uterus  by  the  vesicula  prostatica. 

A  True  hermaphroditism,  in  which  ovary  and  testicle  are  both 
represented  in  the  same  individual  is,  therefore,  possible,  and  cases  have 
been  recorded  in  which  on  both  sides  both  of  these  glands  have  been 
present,  one  of  them,  however,  generally  ill-developed.  This  would  form 
a  true  Bilateral  hermaphroditism.  On  the  other  hand  there  may  be  a 
testicle  on  one  side  and  an  ovary  on  the  other,  forming  a  true  Lateral 
hermaphroditism.  It  is  necessary,  however,  in  such  cases  to  be  careful, 
and  not  to  conclude  that  an  organ  is  testis  or  ovary  from  its  mere  posi- 
tion, but  to  subject  it  to  microscopic  examination. 

Pseudo-hermaphroditism  is  more  common.  In  it  the  existence  of 
testicles  or  ovaries  determines  the  sex  to  be  male  or  female,  but  other 
parts  are  developed  so  as  to  resemble  those  of  the  opposite  sex,  and  so 
produce  an  apparent  combination. 

In  Male  pseudo-hermaphroditism  the  testicles  are  present,  but  the 
other  structures,  in  Avhole  or  in  part,  resemble  those  of  the  female. 
Three  combinations  are  distinguished. 

(ft)  Com/plete  male  pseudo-hermaphroditism  is  the  condition  in  which, 
while  the  glands  are  the  testes,  all  the  remaining  organs,  both  internal 
and  external,  resemble  those  of  the  female.  This  arises  by  a  per- 
sistence of  Miiller's  ducts  and  an  imperfect  closure  of  the  urethra.  It 
may  here  be  remarked  that  as  the  external  generative  oi'gans  arise  from 
the  same  foetal  structures  in  both  sexes,  they  cannot  really  represent 
both  the  female  and  the  male  sexes  in  the  same  person.  But  as  the  male 
organs  present  as  it  were  a  further  development,  chiefly  consisting  in  en- 
largement of  the  clitoris  and  closing  in  of  the  urinary  passage  to  form 
a  urethra,  we  may  have,  by  arrest  of  development,  more  or  less  approach 
to  the  condition  of  the  female  organs. 

{h)  Internal  male  pseudo-hermaphroditism  comprises  cases  in  which  the 
external  organs  are  those  of  the  male  and  the  testes  are  present,  but  from 
the  prostatic  urethra  a  canal  arises  which  represents  an  elementarj'-  vagina 
with  a  uterus  at  its  extremity,  sometimes  with  Fallopian  tubes.  The 
uterus  may  be  of  the  regular  form  but  small,  or  it  may  be  two-horned, 
or  with  one  horn  and  a  Fallopian  tube.  "We  have  already  seen  that  the 
vesicula  prostatica  is  the  representative  in  the  male  of  the  vagina  and  uterus, 
and  the  condition  we  are  now  considering  is  an  exaggeration  of  that  jjouch 
due  to  an  uiuisual  persistence  of  the  lower  part  of  Miiller's  ducts.  There 
may  bo  all  degrees  of  this  persistence,  but  the  case  is  not  one  of  pseudo- 
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hermaphroditism  unless  there  is  something  that  can  be  called  a  vagina 
.  and  uterus,  even  if  very  rudimentary. 

(c)  External  male  pseuclo-hermajjhroclitism  is  characterized  by  the  exter- 
nal organs  presenting  the  characters  of  those  of  the  female  while  the 
<  entire  internal  organs  are  those  of  the  male.  The  cases  are  to  be  ex- 
,  eluded  in  which  there  is  simply  an  opening  up  of  the  urethra  (hypo- 
;  spadias)  from  arrest  of  development.  There  must,  in  addition,  be  an 
;  approach  in  the  form  of  the  organs  to  those  of  the  female.  At  the  same 
i  time  the  general  form  of  the  body  is  that  of  the  female.  Several  such 
cases  have  been  married  as  females,  and  the  true  sex  only  discovered  on 
I  post-mortem  examination.  ~ 

Female  pseudo-hermaphroditism  is  of  much  more  rare  occurrence  than 
I  male  and  is  susceptible  of  similar  division.    In  all  these  forms  there 
are  ovaries,  and  the  variations  are  in  the  other  organs. 

(a)  Complete  female  pseudo-hermaphroditism  presents  the  male  form  of 
1  the  external  organs  as  well  as  a  portion  of  the  male  internal  organs, 
'  while  the  ovaries  are  the  glands  present.    In  one  case  the  male  organs 
'  were  complete  as  far  as  the  prostate,  but  from  this  sprang  vagina,  uterus 
and  Fallopian  tubes. 

(6)  Internal  female  pseudo-hermaphroditism  is  that  in  which,  with  well- 
t  developed  female  organs  both  external  and  internal,  there  are  male 
'  organs  present  from  the  persistence  of  the  Wolffian  ducts,  tubes  passing 

•  from  the  parovarium  to  the  uterus  or  vagina.    This  condition  is  exces- 

•  sively  rare,  although  in  ruminating  animals  it  is  a  normal  condition. 

(c)  External  female  pseudo-hermaphroditism  is  the  form  in  which  the  ex- 
t  ternal  parts  have  the  characters  of  the  male  while  the  internal  have  those 
of  the  female.    It  will  be  understood  that  an  elongation  of  the  clitoris 
vfiW  cause  the  parts  to  approach  to  those  of  the  male.    Some  cases  pre- 

•  .sent  nothing  more  than  this,  while  there  are  others  in  which  there  is  a 
distinct  penis,  and  the  opening  of  the  vagina  is  narrow  and  concealed. 

I  The  name  hermaphrodite  can  hardly  be  applied  unless  there  is  as 
>  well  a  type  of  body  approaching  that  of  the  male.    A  case  is  recorded 
!  in  which  the  real  sex  was  only  suspected  when  the  person  became 
pregnant. 

Literature. — Fobstee,  Missbild.  des  Menschen,  1861 ;  Guntheb,  Commentatio  de 
'  Hermaphroditismo,  1846. 

Subsection  I.— DISEASES  OF  THE  FEMALE  GENEEATIVE 

ORGANS. 

Introductory. — The  female  organs  are  specially  liable  to  disease  from 
their  functional  relations.  At  the  times  of  menstruation  and  pregnancy 
■changes  occur,  some  of  which,  although  strictly  physiological,  border  on 
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the  pathological.  The  anatomical  relations  of  the  internal  organs  of 
generation  in  the  female  have  also  to  be  taken  carefully  into  account  in 
connection  with  -the  changes  in  position  to  which  the  uterus  is  especially 
liable. 

A. — Uterus,  Vagina,  Tubes,  and  Ovaries. 

I.— MALFORMATIONS. 

In  treating  of  this  subject  it  is  necessary  to  bear  in  mind  that  the  in- 
ternal and  external  organs  have  separate  origins,  and  that  the  malforma 
tions  of  the  one  may  have  no  connection  with  those  of  the  other. 

1.  Defective  formation  of  the  female  organs. — Defects  of  various 


Fig.  327.— Utonia  iiniconiis.  The  piu-ts  are  viewed  from  behind,  aud  the  dis- 
tended bladder  occupies  tlio  backgi-ouud.  The  right  horn  is  largo,  and  runs  into 
the  Fallopian  tube  whoso  fimbriated  extremity  is  shown.  There  is  no  proper  left 
horn,  the  Fallopian  tube  and  rotmd  ligament  springing  from  the  base  of  the  right 
horn.    (Graily  Hewitt  from  Kussmaul). 


kinds  are  met  with  both  in  the  internal  and  external  parts.  The 
ovaries  may  be  wanting  or  may  remain  rudimentary.  The  uterus  may 
be  wanting,  and  Avith  it  the  Fallopian  tubes;  or  it  may  be  quite 
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rudimentary  (Fig.  326),  presenting  perhaps  a  solid  rudiment,  or  merely 
;  two  diverging  horns.  With  this  the  vagina  is  often  defective.  Then 
:  the  uterus  may  retain  in  the  adult  the  foetal  or  infantile  form.  Again,  the 

uterus  or  vagina  may  be  imperforate,  or  the  hymen  imperforate.  There 
,  are  also  various  defects  of  the  external  organs,  as  absence  of  the  vulva, 
t  the  vagina  and  urethra  opening  by  a  small  aperture  in  the  region  which 
i  the  vulva  should  occupy.  The  hymen  may  be  absent,  or  it  may  present 
i  fimbriated  processes  sometimes  so  large  as  to  project  extei'nally. 

The  Uterus  unicornis  occurs  Avhen  one  Miiller's  duct  is  ill-developed. 
'  The  uterus  is  a  long  thin  structure  which  curves  to  one  side,  while  the 
(  other  horn  is  absent  or  rudimentary  (Fig.  327). 

2.  Duplicity  of  uterus  and  vagina. — The  ducts  of  Miiller  in  the 

embryo  are  destined  to  form  vagina,  uterus,  and  Fallopian  tubes,  and 

■  they  are  at  first  double  from  end  to  end.  The  fusion  of  the  ducts 
occurs  soon  at  their  lower  extremities  so  that  the  vagina  and  lower  part 
of  the  uterus  early  form  a  single  canal.    Up  to  the  end  of  the  third 

I  month,  however,  the  uterus  possesses  two  horns,  the  subsequent  fusion 
;  proceeding  from  below  upwards.     In  many  animals  this  bilateral 

duplicity  persists  during  life  so  that  the  adult  uterus  has  two  horns, 

often  of  great  length.  The  duplicity  persists  in  different  degrees  in  the 
1  human  subject  presenting  various  forms. 

(a)  Uterus  separatus  clidelpliys  is  the  most  extreme  degree  of  duplicity. 
'  The  ducts  have  remained  separate,  so  that  from  the  fimbriated  ex- 
:  tremities  of  the  tubes  to  the  external  orifice  of  the  vagina  there  are  two 

separate  canals.  The  canals  may  be  partially  adherent  externally,  but 
>  their  walls  have  not  coalesced  and  they  ajipear  externally  as  two 
•  separate  tubes.    This  malformation  does  not  occur  except  with  other 

deformities,  most  frequently  with  extensive  fission  of  the  abdomen,  and 

■  the  foetus  does  not  survive. 

(6)  Uterus  duplex  bicornis  (also  uterus  duplex). — In  this,  M^hich  is  not 
an  uncommon  form,  there  is  externally  one  vagina,  which  may  or  may 
r  not  be  divided  by  a  septum,  but  there  are  two  uteri,  which  may,  how- 
ever, be  united  externally  in  their  lower  parts.  Each  uterus  has  a 
distinct  cervix  and  os,  and  each  is  capable  of  utero-gestation.  Even  in 
cases  where  the  bodies  are  completely  separated  (as  in  Fig.  328)  the 
unimpregnated  uterus  enlarges  with  the  other. 

In  the  case  of  which  Fig.  328  is  an  illustration  death  occurred  a  fortnight  after 
delivery.  Both  organs  were  enlarged  and  almost  equally  so,  the  one  which  had 
borne  the  foetus  measuring  4^  inches  from  os  to  fundus  and  the  other  There 
had  been  a  previous  pregnancy  and  this  had  probably  been  in  that  which  had  not 
borne  the  ftetus  on  this  occasion.  This  was  inferred  from  the  fact  that  this  uterus 
had  adhesions  around  it  and  a  hfematocele  on  its  posterior  wall. 
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(c)  Uterus  septus. — In  this  the  parts  appear  single  externally  but  the 
cavity  of  the  uterus  is  divided  by  a  septum  which  may  or  may  not  be  i 
continued  into  the  vagina. 


Kg.  328.— Uterus  duplex  bicoruis.  The  cavities  are  opened  from  behin^ 
FcEtation  had  occm-red  in  the  risht,  but  the  left  had  also  enlarged.  The 
hffimatocele  seen  attached  to  the  left  may  have  been  from  a  former  fajtation. 


(d)  Uterus  bicornis. — There  is  one  cavity  in  the  lower  part  of  the< 
uterus,  but  at  the  fundus  the  parts  diverge.  In  some  cases  there  is  iu 
mere  depression  in  the  middle  of  the  fundus,  so  as  to  give  the  organi 
somewhat  of  a  heart  shape,  in  which  case  the  term  uterus  arcuatvs 
is  used. 

(e)  Uterus  subsej)tus  is  a  form  in  which  the  uterus,  externally  single,! 
is  partially  divided  by  a  septum. 

Literature— Kdsssiaul,  Mangel,  Verkiimmerung  unci  Yerdoppelung  der  Gebax-t 
mutter,  1859 ;  Mayehofeb,  in  Billroth's  Handb.  der  Fraueukrauk.,  vol.  i.,  part  2,: 
1878-82. 

II.— MISPLACEMENTS  OF  THE  UTERUS. 

The  arrangements  by  which  the  uterus  is  supported  are  of  import-i 
ance  to  the  understanding  of  the  misplacements  of  the  organ.  In  tha 
virgin  the  vagina  forms  a  tolerably  solid  column,  on  the  summit  ot 
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which  the  uterus  is  supported  and  so  prevented  from  descending.  The 
vagina  is  also  attached,  by  means  of  the  pelvic  fascia,  to  the  bladder 
lin  front  and  the  peritoneum  behind.  The  uterus  is  further  supported 
.by  its  ligaments,  and  these,  especially  the  round  ligament,  assist  in 
.preventing  its  descent,  although  not  so  directly  as  the  vagina.  As 
;ligaments  pass  oif  from  its  lateral  aspects,  the  uterus  is  kept  from 
liiiclining  to  one  side  or  the  other.  While  capable  of  very  limited 
imovement  from  above  downwards  and  from  side  to  side,  the  body  of 
the  uterus  is  very  moveable,  Anthin  certain  limits,  from  before  back- 
iwards.  When  the  bladder  and  rectum  are  full  the  uterus  will  be 
itolerably  erect.  When  the  bladder  is  empty  it  will  be  inclined  forward, 
land  a  certain  amount  of  anteversion  may  be  regarded  as  the  normal 
^condition  with  an  empty  bladder. 

1.  Descent  and  Prolapse  of  the  uterus.— The  position  of  the  uterus  is 
lowered  for  the  most  part  as  a  result  of  the  loosening  of  the  attach- 
iments  of  the  organ,  combined  frequently  with  increased  weight  from 
:  chronic  inflammation.  Descent  may  also  be  produced  suddenly  by  in- 
■  creased  intra-abdominal  pressure,  as  in  raising  a  heavy  weight.  Besides 
increased  weight  of  the  organ  itself,  a  tumour  by  its  weight  may  assist  in 
.dragging  it  downwards.  As  pregnancy,  with  its  various  circumstances, 
>often  tends  to  loosen  the  attachments  of  the  uterus,  prolapse  is  chiefly 
iinet  with  in  married  women. 

The  degree  of  descent  is  very  various ;  it  may  simply  amount  to  a 
dowering  of  the  position  of  the  uterus  an  inch  or  so,  or  it  may  be 
ito  any  extent  up  to  the  presentation  of  it  in  the  vulva  or  outside. 

The  term  prolapse  is,  by  some,  limited  to  the  condition  in  which  the 
iuterus  is  so  low  as  to  present  at  the  vulva.  When  there  is  a  distinct 
presentation  outside  the  vulva  then  the  term  Procidentia  uteri  is 
employed . 

The  vagina  must  be  inverted  in  proportion  to  the  descent  of  the 
iuterus,  and  in  cases  where  it  is  completely  procident  the  vagina  will 
■form  an  external  covering  continuous  with  the  skin  around.  As  the 
uterus  descends  it  is  held  more  by  its  posterior  than  by  its  anterior 
attachments,  and  there  is  accordingly  a  certain  amount  of  retroversion 
along  with  the  prolapse. 

The  mucous  membrane  of  the  uterus  is  mostly  in  a  state  of  catarrh 
in  prolapse,  with  a  profuse  mucous  discharge,  and  the  organ  itself  is 
enlarged  (see  further  on).  The  mucous  membrane  of  the  inverted 
vagina  is  thickened,  and  its  epithelium,  where  exposed,  acquires 
characters  like  those  of  the  epidermis. 

2.  Prolapse  of  the  vagina. — This  occurs  mostly  in  consequence  of 
pregnancy,  and  seems  to  be  caused  by  the  walls  remaining  hyper- 
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trophied  when  they  ought  to  undergo  the  regular  involution.  The! 
thickened  and  loose  vagina  is  thrown  into  folds,  and  these  may  project  t 
outside  the  vulva.  The  prolapse  is  mostly  of  the  anterior  wall,  and  the : 
urinary  bladder  is  not  infrequently  dragged  downwards  with  it,  forming ; 
a  Hernia  vesicae  or  Cystocele.  Much  less  common  is  protrusion  of  the; 
rectum  or  Rectocele. 

3.  Inversion  of  the  uterus. — This  is  of  very  rare  occurrence.  The; 
uterus,  which  is  generally  somewhat  enlarged,  is  turned  outside  in, 
either  by  its  own  contraction  or  by  the  exercise  of  traction  on  its  fundus.  • 
These  conditions  are  best  fulfilled  during  or  after  parturition,  especially  i 
when  the  umbilical  cord  is  pulled  on  while  the  placenta  is  adherent. 
It  may  also  occur  in  connection  with  a  tumour  growing  inside  the< 
uterus  and  attached  to  its  internal  wall.    The  inverted  uterus  projects, 
from  the  vulva  as  a  bleeding  mass,  the  haemorrhage  being  frequently  sot 
severe  as  rapidly  to  cause  death.    If  the  patient  siu-vives  and  the  organ; 
is  not  restored,  inflammation  results,  and  the  uterus  acquires  attach- 
ments in  its  new  situation,  so  that  resort  has  sometimes  to  be  had  to  > 
amputation. 

4.  Flexions  and  Versions  of  the  uterus. — Flexion  is  the  bending  of  ' 
the  uterus  on  itself,  Avhile  version  is  the  displacement  of  the  entire . 
organ  forwards  or  backwards. 

In  flexions  the  bend  takes  place  at  a  level  corresponding  with  the< 
OS  internum,  so  that  the  cervix  is  in  one  plane  and  the  body  of  the 
uterus  in  another.    The  reason  of  this  is  that  the  uterus  is  specially;^ 
fixed  at  this  level  by  its  peritoneal  attachments,  the  body  of  the  uterus; 
being  specially  moveable.    Flexions  are  often  the  result  of  adhesions 
due  to  perimetritis,  these  adhesions  dragging  the  organ  backwards  or 
forwards,  and  tending  to  fix  it  there.    Abnormal  looseness  of  the  organ,  i 
especially  after  delivery,  renders  it  more  liable  to  bend.    When  the< 
flexion  has  become  habitual  there  is  apt  to  be  atrophy  in  the  concavity, 
which  renders  it  difficult  to  remedy  the  displacement. 

The  flexions  are  divisible  into  the  two  forms — Anteflexion  andi 
Retroflexion. 

In  versions  the  uterus  lies  more  horizontally  than  usual,  the  os  pro- 
jecting in  one  direction  and  the  fundus  in  the  opposite.  They  occur 
from  similar  causes  to  those  which  produce  flexions.  They  are  similarly 
divided  into  Anteversions  and  Retroversions. 

These  flexions  and  versions  sometimes  produce  serious  results  in  the 
uterus  itself    It  has  been  mentioned  above  that,  in  the  concavit}'  of  the 
bend,  the  uterine  tissue  frequently  wastes  and  becomes  less  able  to  retain  ii 
the  uterus  in  the  upright  position.    Then  the  bend,  if  at  all  sudden,  com- 
presses the  vessels,  and  may  lead  to  a  chronic  congestion,  by  and  by 
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resulting  in  hypertrophy.  Again,  the  curve  may  obstruct  the  canal  of 
the  cervix,  thus  leading  to  dysmenorrhoea.  The  flexions  and  versions 
not  infrequently  predispose  to  prolapse.  The  fundus  of  the  uterus 
projected  backwards  or  forwards  is  apt  to  irritate  the  bladder  or 
rectum  and  so  induce  repeated  straining  efforts  which  tend  to  force  the 
uterus  down. 

5.  Other  displacements.— The  uterus  is  liable  to  various  other  dis- 
placements, which,  however,  mostly  stand  in  a  different  position  to 
those  given  above.  There  is  elevation  or  displacement  upwards,  from 
dragging  of  structures  adherent  to  it,  or  by  pressure  from  below  by 
tumours  or  collections  of  fluid  in  the  pelvis.  It  is  also  subject  to  all 
sorts  of  deviations  when  involved  in  tumours  and  inflammations  of  the 
pelvic  organs. 

Literature.— Feitsch,  in  Billroth's  Handb.  der  Prauenkr,  iii.,  1881 ;  Schtotze, 
Displacements  of  uterus  (transl.),  1888. 

in.— THEOMBOSIS  AND  H^MOEEHAGES. 

1.  Thrombosis  of  the  uterine  veins.— This  is  an  occasional  result  of 
the  puerperal  state,  but  sometimes  it  occurs  as  a  result  of  tumours  of 
the  uterus,  and  even  in  affections  of  the  neighbouring  parts.  The 
resulting  condition  is  expressed  by  the  clinical  term  Phlegmasia  dolens. 
In  the  puerperal  form  the  starting  point  of  the  thrombosis  is  the 
placental  surface  of  the  uterus,  and  it  is  most  apt  to  occur  when, 
through  imperfect  contraction  of  the  uterus,  the  veins  are  left  with 
gaping  mouths.  It  may  be  a  question  whether  the  introduction  of 
septic  material  induces  the  coagulation,  but  in  the  usual  absence  of  the 
general  symptoms  of  septic  poisoning  it  may  be  doubted  whether  this 
has  to  do  at  least  with  the  extension  of  the  coagulation.  Starting  at 
the  uterus,  the  thrombosis  readily  extends  to  the  iliac  veins  and 
onwards  to  the  femoral  and  its  branches. 

The  result  is  often  an  extensive  thrombosis  of  the  veins  of  the  legs, 
generally  beginning  in  those  of  the  left  side.  There  is  usually  a  hard 
brawny  oedema  of  the  leg. 

Thrombosis  here,  as  elsewhere,  ijroduces  a  chronic  inflammation  of  the 
wall  of  the  vein  {Phlebitis  and  Feriphlebitis),  so  that  there  is  often  con- 
siderable adhesion  of  the  vein  to  its  sheath  and  of  the  sheath  to  the 
parts  around.  The  lymphatic  vessels  may  be  aff"ected  by  this  adhesion 
and  partially  obstructed. 

2.  Haemorrhages  in  and  around  the  uterus. —Hajmorrhage  is  a  normal 
occurrence  in  menstruation  and  parturition,  but  it  may  assume  patho- 
logical characters  when  in  excess  or  when  the  blood  is  unduly  retained. 

{a)  Menorrhagia  is  excessive  haemorrhage  at  a  menstrual  period.  It 
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is  induced  by  various  constitutional  conditions,  but  also  by  local  lesions 
of  the  uterus,  more  especially  tumours.  Tumours  of  the  uterus  also 
frequently  induce  hajmorrliagcs  apart  from  the  menstrual  periods. 

{b)  Dysmenorrhoea  memhranacea  is  a  condition  in  which  membranous 
structures  are  evacuated  by  the  uterus  along  with  the  blood  in  menstrua- 
tion. These  sometimes  form  a  complete  cast  of  the  interior  of  the  uterus, 
but  more  usually  they  are  in  smaller  pieces.  The  membrane  is  variously 
composed  in  different  cases.  Sometimes  it  is  no  more  than  condensed 
blood-clot  or  fibrine,  perhaps  in  some  cases  left  over  from  a  previous 
menstruation.  In  other  cases,  however,  it  is  composed  of  the  mucous 
membrane  of  the  uterus.  It  is  chiefly  the  superficial  layers  consisting 
of  epithelium  which  are  exfoliated,  but  the  uterine  glands  may  be 
present  in  the  membrane,  and  even  the  submucoixs  tissue. 

This  condition  is  usually  regarded  as  due  to  an  inflammation  of  the 
uterine  mucous  membrane,  to  Avhich  the  name  endometritis  exfoliativa  has 
been  given,  but  this  view  is  not  universally  accepted.  There  is  no  doubt 
some  inflammation,  as  the  men\brane  contains  round  cells. 

During  ordinary  menstruation,  the  superficial  layers  of  the  mucous  membrane  are 
shed,  partly  in  small  shreds  and  partly  after  previous  disintegration.  In  the  inter- 
vals there  is  a  restoration  of  the  epithelium  by  newformation  from  the  remaming 
epithelium  of  the  ducts  and  otherwise. 

(c)  HEematoraa  of  the  uterus  is  of  some  importance,  as  it  may  resemble 
a  tumour.  It  consists  of  a  polypoid  mass  of  blood-clot  attached  to  the 
internal  surface  of  the  uterus  and  hanging  into  its  cavity,  or  even  pro- 
jecting into  the  vagina.  It  is  sometimes  called  the  Fibrinous  uterine  polypus. 
Consisting  of  blood-clot  it  has  originated  in  haemorrhage,  but  there 
must  be  some  cause  for  the  adhesion  of  the  clot  to  the  uterine  wall. 
This  is  mostly  afforded  by  the  placenta  which  has  been  retained  after 
delivery  or  abortion.  The  whole  placenta  may  be  retained  as  in  Fig. 
329,  or  it  may  be  only  a  portion.  On  the  other  hand,  the  rough  surface 
after  removal  of  the  placenta  may  induce  the  coagulation  of  blood, 
which  if  retained  may  grow  by  fresh  coagulation.  As  the  hfematoma 
originates  in  hsemorrhage  it  is  usually  associated  mth  the  latter  through- 
out its  course.  The  blood  mostly  escapes  into  the  vagina,  but  some  of 
it  may  coagulate  and  increase  the  size  of  the  polypus. 

{d)  Pelvic  hssmatocele. — This  name  expresses  an  accumulation  of 
blood  in  the  neighbourhood  of  the  uterus.  Two  forms  have  been  de- 
scribed according  as  the  blood  is  in  the  peritoneal  cavity  or  beneath  the 
peritoneum.  A  convenient  nomenclature  is  to  call  the  intra-peritoncal 
form  Pelvic  hismatocele  and  the  extra-peritoneal  form  Pelvic  ha}ma- 
toma. 

Intra-peritoneal  hsematocele  is  much  more  serious  than  the  other.  It 
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arises  as  a  result  of  any  haemorrhage  inside  the  peritoneum,  such  as 
rupture  of  an  ectopic  pregnancy,  rupture  of  an  aneurysm,  regurgitation 
of  the  blood  during  menstruation  when  there  is  obstruction  to  the  regu- 
lar outflow,  rupture  of  enlarged  veins,  and  of  the  vessels  in  adhesions 
around  the  uterus. 


Fig.  32r).-Polypoid  hFumatoma  of  utenix  attur  uii  abortion  in  tlie  second 
month  ;«  projecting  part  of  maternal  placenta  and  w.aU  of  nte.  ns  °  6 
^^:l^"iv^:^  coagulaaround  the  f.V'fcta: 

The  blood,  whatever  its  source,  accumulates  chiefly  behind  the  uterus 
in  Douglas's  pouch.  Acting  here  as  a  foreign  body  "it  sets  up  a  chronic 
■inflammation  with  the  usual  results  of  newformation  of  connective  tissue 
>which  surrounds  and  causes  partial  absorption  of  the  blood.  There  may 
^be  thus  considerable  perimetritis  brought  about.  In  some  cases  suppura- 
lon  en.sue.s,  and  an  abscess  is  formed,  chiefly  where  a  foetus  is  present 
from  rupture  in  ectopic  pregnancy. 

Extra-peritoneal  haematocele  or  haematoma  also  originates  from  rup- 
ture of  the  cyst  in  ectopic  pregnancy,  but  it  occurs  also  not  infrequently 
^8  a  kmd  of  vicarious  menstruation,  and  may  arise  in  other  ways.  The 
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blood  mostly  accumulates  in  the  broad  ligament  wMch  it  may  distend 
into  a  bulky  tumour.  It  may  also  pass  around  the  uterus  and  rectum, 
sometimes  obstructing  the  latter.  The  accumulated  blood  is  generally 
absorbed,  but  it  may  leave  thickenings  and  adhesions  behind. 

Literature.-BEENUTZ,  Clin,  memoirs  on  dis.  of  women  (Syd.  Soc.  transl.),  1866; 
GussEBOw,  in  Volkmann's  Sammlung,  No.  81;  Priedlander,  Phys.-anat.Untersuch. 
iiber  dem  Uterus,  1870 ;  Leopold,  Die  UterusscWeimhaut.wahrend  Menstruation,  etc., 
1878 ;  Bandl,  in  BiUroth's  Handb.  d.  Frauenkrankh.,  v. ;  Lawson  Tait,  Ectopic 
pregnancy  and  pelvic  haamatocele,  1888. 

IV.-ATEOPHY,  HYPERTROPHY,  AND  DHLATATION  OE  THE  UTERUS. 

1.  Atrophy.— The  uterus  may  retain  in  adult  life  the  undeveloped 
condition  of  that  of  the  child.  There  may  be,  on  the  other  hand,  a 
premature  atrophy,  in  some  cases  ascribed  to  long-continued  catarrh, 
frequent  pregnancies,  pressure  of  tumours,  etc.,  in  which  the  organ  an- 
ticipates the  normal  senile  involution. 

2.  Hypertrophy.— This  sometimes  occurs  as  a  result  of  imperfect  m- 
volution  after  the  physiological  enlargement  of  pregnancy,  and  in  this  , 
case  the  increase  in  size  is  from  excess  in  the  muscular  substance  mainly. 
Hypertrophy  of  a  similar  kind  occurs  from  the  presence  of  tumours  m 
the  wall  of  the  uterus.   There  may  be  hypertrophy  from  congestion  and : 
chronic  inflammation  however  caused. 

A  special  Hypertrophy  of  the  cervix  has  been  observed  in  many  cases. 
It  occurs  as  a  result  of  imperfect  involution  after  pregnancy,  but  also  as  ■ 
a  consequence  of  prolapse  of  the  vagina,  the  cervix  being  dragged  down 
and  greatly  elongated.    With  very  little  descent  of  the  uterus  the  cer- 
vix may  be  so  elongated  as  to  present  externally. 

3.  Dilatation  of  the  cavity.— This  occurs  in  consequence  of  the  re- 
tention and  accumulation  of  material  in  the  uterus.    It  results,  there- 
fore, from  Obstruction  of  the  vagina  or  of  one  of  the  orifices  of  the-uterus. 
There  may  be  congenital  closure  of  the  external  or  internal  os  (generally 
the  external)  or  imperforate  hymen.    When  the  period  of  puberty  is : 
reached  and  menstruation  begins,  the  blood  accumulates  in  the  uterus, ? 
and  there  may  be  enormous  distension,  the  contents  ha^dng  a  tarry  oV'i 
pulpy  character.    This  condition  is  designated  Hsematometra.  The 
uterus  may  assume  the  size  of  the  pregnant  organ,  and  there  is  thicken-i 
ing  of  its  wajls,  which,  however,  are  loose.    If  escape  is  not  provided, 
artificially  the  uterus  may  actually  ruptpre,  not  usually  into  the  pen-- 
toneum,  but,  after  the  formation  of  adhesions,  into  some  neighbouring 
organ.    The  rupture  is  by  a  process  of  ulceration  from  within,  unless^ 
external  violence  bursts  the  distended  organ. 

There  may  be  an  acquired  Obstruction  of  the  os  uteri  as  from  chronici 
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catarrh,  or  even  from  inflammation  occurring  after  delivery  In  such 
cases  also  we  may  have  a  hifimatometra  from  accumulation  of  menstrual 
blood.  It  IS  more  common,  however,  to  have  such  closure  after  men- 
struation has  permanently  ceased,  and  in  that  case  a  catarrhal  secretion 
may  accumulate  and  distend  the  uterus.  After  a  time  the  contents 
which  are  at  first  mucous  in  character,  become  serous,  and  the  condition 
called  Hydrometra  is  brought  about. 

Lastly  the  organ  is  sometimes  distended  Avith  Gas,  a  condition  desig- 
nated Physometra.  This  may  be  the  result  of  decomposition  of  the 
accumulated  fluid  in  hydrometra,  or  from  decomposition  of  retained 
clot^,  etc.;  but  cases  have  occurred  in  which  the  cavity  has  been  dilated 
with  gas  and  assumed  considerable  proportions  without  apparent  cause. 

V.-INFLAMMATIONS  OF  THE  UTEEUS  AND  ITS  APPENDAGES. 
_  These  are  somewhat  various,  and  they  are  difl^erently  named  accord- 
ing to  the  locality  specially  alFected.  In  this  way  we  have  to  consider 
Endometntis,  Metritis,  Salpingitis,  Perimetritis,  Parametritis  and 
Oophoritis.  The  condition  of  the  uterus  and  vagina  after  delivery  lays 
them  open  to  the  occurrence  of  septic  inflammations,  and  many  of  the 
conditions  here  have  this  origin. 

1.  Inflammations  of  the  uterus.-These  are  divided  into  inflamma- 
tions of  the  mucous  membrane  and  of  the  muscular  substance 

(*)  Endometritis.-This  is  an  inflammation  of  the  mucous  lining  of 
the  uterus.  We  may  have  an  Acute  inflammation  set  up  by  the  exten- 
sion of  a  gonorrhoeal  inflammation  from  the  vagina,  or  in  consequence 
of  parturition,  or  in  the  course  of  an  acute  fever.  The  inflammation 
may  go  on  to  suppuration  or  even  to  sloughing  of  the  mucous  membrane 
and  the  formation  of  ulcers.  It  is  apt  to  extend  from  the  uterus  to  the 
-ballopian  tube,  broad  ligament,  etc.  (see  further  on). 

Chronic  endometritis  or  chronic  catarrh  is  a  very  frequent  disease  and 
as  a  whitish  discharge  is  a  characteristic  feature,  the  condition  is  often 
called  Leucorrhoea.  Apart  from  the  excessive  secretion  the  mucous 
membrane  is  apt  to  become  thickened,  and  it  may  be  thrown  into  folds 
or  give  origin  to  Mucous  polypi  and  Cysts.  The  cervix  especially  is 
otten  thickened,  and  the  os  may  present  ulcerations.  During  pre- 
nancy  inflammations  sometimes  arise,  giving  occasion  to  abortions  ad- 
hesions of  the  placenta,  and  other  lesions.  The  catarrh  may  also  have 
Its  origin  in  a  tumour,  a  flexion,  or  a  version  of  the  uterus. 

(^)  Metritis.— This  name  is  given  to  inflammation  of  the  muscular 
substance  of  the  uterus.  Acute  inflammation,  even  with  infiltration  of 
Me  muscular  subsliance  with  blood,  may  follow  gonorrhoea. 

We  have  also  frequently  a  Chronic  inflammation  leading  to  Indura- 
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tion,  it  may  be  with  enlargement  of  the  uterus.  This  is  frequently 
brought  about  by  Imperfect  involution  of  the  uterus  after  parturition, 
.but  also  results  from  the  various  causes  which  bring  about  endometritis. 
The  condition  consists  in  a  newformation  of  connective  tissue,  and  from 
its  correspondence  with  interstitial  inflammation  in  the  liver  and  else- 
where it  is  sometimes  called  Cirrhosis,  especially  when  there  is  great 
induration. 

2.  Inflammations  around  the  uterus.— The  structures  in  the  neigh- 
bourhood of  the  uterus  are  very  frequently  the  seat  of  inflammation. 
This  occurs  by  extension  of  inflammation  from  the  uterus  itself,  chiefly 
in  cases  of  Gonorrhoeal  or  Puerperal  endometritis. 

The  extension  of  the  inflammation  occurs  by  two  different  paths. 
The  most  frequent  is  by  the  Fallopian  tubes,  producing  in  the  first 
instance  an  inflammation  of  them  (Salpingitis),  and  then  passing  on  to  the 
pelvic  peritoneum  and  ovaries  producing  a  Perimetritis.  The  other  mode 
of  extension  is  to  the  subperitoneal  tissue,  and  the  result  is  an  inflam- 
mation in  the  loose  tissue  of  the  pelvis,  a  Pelvic  cellulitis  or  Parametritis. 
It  may  be  said  that  the  one  form  usually  involves  a  salpingitis  and  peri- 
metritis, sometimes  with  oophoritis,  and  the  other  a  parametritis. 

{a)  Salpingitis  is  an  inflammation  of  the  Fallopian  tube,  and  it  varies 
in  character  and  intensity.  There  may  be  a  simple  catarrh  extending 
from  the  uterine  mucous  membrane,  or  an  acute  septic  or  gouorrhreal 
inflammation. 

A  frequent  result  of  salpingitis  is  Adhesion  and  Occlusion  of  the  tube. 
The  fimbriated  extremity  is  frequently  attached  to  the  ovary  or  to  a 
neighbouring  peritoneal  surface,  this  attachment  being  by  connective 
tissue  in  the  usual  fashion  of  inflammations.  The  tube  is  also  frequently 
distorted  greatly  by  the  adhesions,  doubled  on  itself,  or  otherwise  altered 
in  position.  The  uterine  orifice  of  the  tube  is  so  small  that  when  the 
fimbriated  extremity  is  occluded  the  tube  is  virtually  closed,  and  the 
inflammation  may  completely  occlude  the  uterine  orifice  as  well. 

In  this  case  the  tube  frequently  becomes  Distended  yni\i  various  con- 
tents, and  names  are  applied  according  to  the  diff"erent  character  of  the 
contents.  In  simple  inflammations  a  watery  or  serous  fluid  may  collect 
(as  there  are  no  glands  in  the  tube,  the  fluid  is  not  mucous  in  character), 
the  result  being  a  Hydrosalpinx.  In  more  acute  cases  pus  distends  the 
tube,  Pyosalpinx,  or  blood  may  be  extravasatcd,  Hsematosalpinx.  The 
dilatation  of  the  tubes  is  sometimes  very  great,  so  that  a  considerable 
cystic  cavity  may  result.  . 

(S)  Pelvic  peritonitis  or  Perimetritis  frequently  follows  on  salpingitis. 
It  may  also  be  that  an  inflammation  of  the  peritoneum  covering  the 
uterus  may  occur  from  inflammation  of  the  uterine  wall. 
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The  inflammation  may  be  septic,  in  which  case  it  is  suppurative  and 
may  extend  to  the  general  peritoneum.  But  even  when  acute  it  may 
be  limited  by  adhesions,  and  abscesses  may  form  which  remain  confined 
to  the  pelvis.  Such  abscesses  are  sometimes  so  mixed  up  with  adhesions 
that  it  may  be  difiicult  to  distinguish  whether  they  are  in  the  peritoneum 
or  outside  it.  They  may  ultimately  burst  into  the  rectum  or  vagina  or 
at  the  cutaneous  surface. 

Chronic  perimetritis  is  characterized  by  the  formation  of  Adhesions 
and  membranous  newformations  around  the  uterus.  These  are  most 
frequent  behind  the  uterus,  uniting  it  to  the  rectum.  The  adhesions  are 
frequently  drawn  out  so  as  to  form  long  attachments  between  the  parts. 
Displacements  of  the  uterus  and  abnormal  fixations  are  frequent  results 
of  such  adhesions. 

The  complete  picture  of  perimetritis  is  that  in  which  the  uterus  is 
biu-ied  in  adhesions  which  abolish  the  pouch  of  Douglas  behind,  and 
completely  mat  together  the  broad  ligament,  tube,  and  ovary,  so' that 
the  two  latter  structures  are  often  indistinguishable.  The  tube  may  be 
dilated  in  the  manner  mentioned  above. 

Salpingitis  and  Perimetritis  are  of  very  frequent  occurrence.  According  to  the 
observations  in  100  consecutive  cases  of  post-mortem  examination  in  adult 
females  in  the  London  Hospital,  the  tubes  were  affected  17  times.  From  his 
own  experience  the  author  is  satisfied  that  this  percentage  is  not  far  from  the 
usual  average. 

(c)  Oophoritis  mostly  occurs  in  connection  with  perimetritis.  Acute 
inflammation  of  the  ovaries  is  usually  a  sequel  of  the  puerperal  state. 
•  A  septic  inflammation  accompanied  by  pelvic  abscess  may  be  associated 
with  abscesses  in  the  ovaries.  The  pus  at  first  forms  in  elongated 
streaks  from  the  hilum  to  the  periphery,  but  after  a  time  there  are  more 
distinct  abscesses.  The  Graafian  vesicles  also  frequently  become  filled 
with  pus.  The  abscess  in  the  ovary  is  surrounded  and  limited  by 
adhesions  like  that  in  the  peritoneum,  and  it  is  frequently  difiicult  to 
say  what  is  the  actual  seat  of  the  organ. 

Chronic  oophoritis  also  occurs  in  connection  with  perimetritis,  but  it 
has  sometimes  a  more  independent  origin.  As  the  ovary  is  liable  at 
the  menstrual  periods  to  great  vascular  disturbance,  we  may  have,  from 
checking  of  menstruation  and  otherwise,  a  chronic  inflammation  set  up. 

The  condition  has  the  characters  of  interstitial  inflammation,  and  is 
comparable  to  cirrhosis  of  the  liver  or  kidney,  being,  like  these,  accom- 
panied by  shrinking  of  the  organ.  The  capsule  is  thickened,  and  the 
contracting  tissue  in  the  organ  produces  irregular  depressions  of  the 
surface.  The  thickening  is  often  peculiarly  manifest  around  the 
Graafian  vesicles,  and  this,  with  the  thickening  of  the  capsule,  may 
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prevent  the  vesicles  bursting.  Sometimes  a  ripe  vesicle,  instead  of 
bursting  externally,  ruptures  into  the  substance  of  the  ovary,  and  so 
produces  further  inflammatory  disturbance.  With  these  changes  in  the 
ovary  itself  there  is  usually  adhesion  of  the  capsule  to  the  parts  around, 

the  chronic  inflammation  causing  the  formation 
of  vascular  connective  tissue  which  unites 
opposed  surfaces.  In  this  Avay  there  may  be 
displacements  of  the  ovaries. 

If  the  Graafian  vesicles  are  prevented  from 
bursting,  the  fluid  which  naturally  exists  in 
them  may  become  augmented,  and  the  vesicles 
thus  be  converted  into  Cysts  (Fig.  330).  A 
Fig.  330.— Cystic  formation  in  limited  uumber  of  Small  cysts  may  thus  be 

ovary  from  dilatation  of  Graafian 

vesicles.  (Viechow.)  formed,  and  it  is  not  impossible  that  cysts 

having  this  origin  may  grow  to  some  size,  having  always  the  character 
of  simple  cysts  with  serous  contents. 

It  is  to  be  remembered  that  in  old  age  the  ovaries  are  often  shrunk 
and  the  capsules  thickened,  but  this  is  not  to  be  set  down  as  the  result 
of  chronic  inflammation. 

(d)  Pelvic  cellulitis  or  Parametritis. — This  consists  in  a  subacute 
inflammation  of  the  pelvic  connective  tissue,  generally  occurring  after 
delivery,  but  also  sometimes  as  a  result  of  operations  on  the  uterus,  the 
introduction  of  pessaries  or  the  uterine  sound,  etc.    The  inflammation  is 
no  doubt  septic,  being  in  this  respect  comparable  with  erysipelas  and 
phlegmonous  inflammations  generally.    The  inflammation  extends  from 
the  uterus,  finding  its  way  apparently  by  the  lymphatic  spaces.  There 
are  the  usual  results  of  inflammation,  but  the  exudation  is  here  the 
most  important.    The  spaces  of  the  connective  tissue  get  filled  up  vnth 
a  serous  exudation  which  may  be  partly  fibrinous.    There  is  in  this 
way  a  great  tumefaction  of  the  subperitoneal  tissue,  especially  of  the 
broad  ligament,  but  also  that  in  front  of  and  behind  the  uterus  and  in 
the  pelvis  as  a  whole.    The  uterus  is  thus,  as  it  were,  fixed  in  the  midst 
of  tumefied  connective  tissue,  which  may  be  felt  as  a  firm  swelling  on 
examination  per  vaginam. 

Suppuration  generally  ensues,  but  it  may  do  so  very  gradually,  so 
that  it  may  be  long  after  parturition  before  it  occurs.  The  pus  some- 
times extends  a  considerable  distance  from  the  neighbourhood  of  the 
uterus.  The  inflammation  may  extend  and  the  suppuration  follow 
into  the  iliac  or  even  into  the  lumbar  region.  The  abscesses  which 
result  open  in  very  various  localities,  into  the  vagina,  the  rectum  or  the 
bladder,  or  at  the  surface  in  the  iliac  or  inguinal  region.  In  these 
latter  cases  the  condition  may  simulate  lumbar  abscess,  and  mistake 
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is  the  more  likely  as  the  suppuration  has  perhaps  occurred  long  after 
the  originating  cause.  The  pus  discharged  has  usually  the  characters 
of  having  been  long  retained,  the  corpuscles  are  largely  fatty,  and  there 
is  usually  a  faecal  odour  due  to  the  proximity  of  the  abscess  to  the 
rectum. 

Puerperal  fever.— This  term  does  not  express  any  single  definite  morbid  condition, 
but  includes  cases  of  septic  inflammation  connected  with  the  puerperal  state,  in 
which  acute  febrile  symptoms  occur.  The  fact  that  the  disease  occurs  in  a  quasi- 
epidemic  form  and  is  communicable  seems  to  show  that  it  is  due  to  a  specific 
microbe,  but  it  is  probable  that  any  of  the  more  virulent  pyogenic  micrococci,  such 
as  that  of  erysipelas,  may  induce  it.  The  course  of  the  septic  inflammation  and 
the  mode  of  extension  to  the  general  circulation  vary,  but  much  that  has  been 
stated  above  in  regard  to  perimetritis  and  parametritis  applies  here. 

There  is,  to  begin  with,  an  acute  septic  inflammation  of  the  uterine  mucous  mem- 
brane, usually  accompanied  by  sloughing  and  suppuration.  From  this  local  seat 
there  is  an  extension,  in  the  manner  indicated  above,  by  the  Fallopian  tubes  or  by 
the  subperitoneal  tissue.  In  the  former  case  a  General  septic  peritonitis  results. 
The  septic  poison  is  absorbed,  and  we  have  the  regular  fever  of  septicajmia.  In  the 
other  case  a  Septic  thrombophlebitis  may  occur,  and  we  have  the  phenomena  of 
Pyaemia  with  metastatic  abscesses  and  septicasmia. 

Literature. — Beenutz,  1.  c. ;  Matthews  Duncan,  Prac.  treatise  on  perimetritis  and 
parametritis,  1868;  Viechow,  Ges.  Abhandl.,  1856;  Winckel,  Dis.  of  women 
(transl.),  1887;  Bandl,  Handb.  der  Frauenkr.,  ii.,  1886  ;  Heibehg,  Die  puerperalen 
und  py£Emischen  Proc,  1873.  Salpinrjitis,  e^c— Lawson  Taxt,  Brit.  Med.  Jour., 
1887,  i.  825;  Lewees,  Obstet.  trans.,  xxix.,  1887;  Polk,  (also  discussion),  Amer. 
Gynee.  Trans.,  xii.,  1887;  Hennig,  Krankh.  der  Eileiter,  1876. 

VI.— EXTEA-UTEEINE  OE  ECTOPIC  PEEGNAlS'CY. 

By  these  terms  is  meant  the  development  of  the  foetus  in  any  other 
situation  than  the  normal  one  in  the  uterus. 

The  causation  is  somewhat  obscure,  but  if  we  accept  the  views  of 
Lawson  Tait  it  usually  results  from  disease  of  the  Fallopian  tubes, 
which  by  destroying  the  ciliated  epithelium  allows  the  spermatozoa 
to  pass  up  the  tube  and  impregnate  the  ovum  before  it  reaches  the 
uterus. 

According  to  this  author  normal  impregnation  always  occurs  in  the  uterus,  as  the 
ciliated  epithelium  of  the  tubes  prevents  the  ascent  of  the  spermatozoa.  If  the 
ciliated  epithelium  be  destroyed  the  spermatozoa  may  pass  up  as  far  as  the  ovary. 

According  to  the  position  in  which  the  impregnated  ovum  settles 
various  forms  have  been  distinguished,  namely,  Tubal,  Tubo-ovarian, 
Ovarian,  and  Abdominal.  The  existence  of  an  abdominal  pregnancy, 
except  by  rupture  of  a  tubal  one,  is  denied  by  recent  authorities 
(Mayrhofer,  Lawson  Tait),  and  even  ovarian  pregnancy  if  it  occurs  is 
very  rare.  Undoubtedly  tubal  pregnancy  is  by  far  the  commonest. 
An  excessively  rare  ectopic  pregnancy  is  that  in  which,  from  existing 
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perforation  of  the  uterus  (as  from  a  previous  Ctesarian  [section),  the 
ovum  has  escaped  into  the  abdominal  cavity. 

Tubal  pregnancy  occurs  either  in  the  free  part  of  the  tube  or  in  the 
part  surrounded  by  the  uterine  tissue.  In  the  latter  case  the  form  is 
called  interstitial  pregnancy. 

If  an  impregnated  ovum  settles  in  the  tube  the  placenta,  as  it  forms, 
adheres  to  the  wall  of  the  tube  and  forms  vascular  connections.  As  the 
tube  does  not  enlarge  like  the  uterus  the  growing  ovum  thins  its  wa^Il, 
and  rupture  occurs  {primary  rupture).  This  ahvays  takes  place  before 
the  fourteenth  week.  The  rupture  may  be  into  the  peritoneal  ca-\aly 
or  into  the  broad  ligament.  At  the  time  of  rupture  there  is  haemor- 
rhage, which  in  the  case  of  rupture  into  the  peritoneum  is  usually  fatal. 
As  a  result  of  this  primary  rupture  the  foetus  usually  dies,  and  in 
that  case  the  conditions  are  those  of  the  Pelvic  hsematocele,  intra- 
peritoneal or  extraperitoneal.  In  either  case  there  may  be  subsequent 
encapsiding  or  absorption  of  the  dead  foetus  (which  will  be  very  small) 
or  there  may  ensue  a  suppuration  of  the  hsematocele. 

The  foetus  may  survive  and  the  placenta  may  acquire  fresh  con- 
nections, so  as  to  allow  of  the  completion  of  the  full  term  of  utero- 
gestation.  Before  this,  however,  especially  when  the  foetus  is  in  the 
broad  ligament,  there  may  be  a  secondary  rupture,  resulting  in  some 
cases  in  a  fatal  haemorrhage,  but  in  others  merely  in  a  fresh  adhesion 
inside  the  peritoneum. 

If  the  full  term  be  reached  the  foetus  dies  and,  unless  removed  by 
operation,  remains  as  a  foreign  body.  As  a  rule  general  peritonitis 
results,  sometimes  with  the  ultimate  formation  of  an  abscess.  If  the 
death  of  the  mother  does  not  occur  soon  the  abscess  may  come  to  the 
surface  and  the  foetus  may  be  discharged  piece-meal. 

In  some  rare  cases  the  foetus  gives  rise  to  no  active  inflammation  and 
after  its  death  remains  quiescent.  It  becomes  surrounded  by  a  con- 
nective tissue  capsule  inside  which  the  mummified  foetus  may  remain 
for  many  years,  the  condition  usually  designated  Lithopsedion.  The 
capsule  usually  becomes  infiltrated  with  lime  salts  so  that  a  kind 
of  shell  is  formed  around  the  foetus.  The  foetus  itself  may  be  partly 
calcified,  but  its  soft  structures  are  often  little  altered  or  may  be  con- 
verted into  adipocere.  Cases  are  on  record  of  a  diu'ation  of  life 
extending  as  long  as  fifty  years  after  an  ectopic  pregnancy,  and  in 
some  cases  normal  pregnancies  have  occurred  in  the  intei'val. 
Cases  have  been  observed  of  molar  extra-uterine  pregnancy. 

Literature.— Maykiiofek,  Billrotli's  Hanclb.  d.  Frauenkrankh.,  i. ;  Lawsox  Tatt, 
Ectopic  pregnancy,  1888  (gives  full  account  and  collection  of  cases  of  Litbopajdion) ; 
ViiicHOW,  Wiirzb.  Verhandl.  i. ;  Sappey,  Comptes  Eendus,  Aug.  27,  1883. 
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VII.— SYPHILIS  AND  TUBEBCULOSIS. 

Syphilis  manifests  itself  in  the  vagina  and  vulva  in  the  form  of  the 
hard  chancre,  which  may  even  occur  at  the  os  uteri.  It  does  not  pre- 
sent in  these  situations  any  peculiarities  distinguishing  it  from  chancre 
of  the  skin  elsewhere.  Condylomata  of  considerable  size  also  occur  in 
the  vulva  and  vagina,  often  forming  warty  projections. 

Tuberculosis. — This  does  not  occur  by  extension  from  the  urinary 
organs,  but  on  the  contrary  it  frequently  begins  in  the  Fallopian  tubes, 
the  virus  being  absorbed  from  the  peritoneum.  This  takes  place  in 
almost  every  case  of  tubercular  peritonitis,  but  it  also  occurs  sometimes 
in  cases  of  tubercular  ulceration  of  the  intestine.  It  is  stated  by 
Schramm  that  it  occurs  in  three  per  cent,  of  all  females  dying  of 
tubercular  disease. 

Tuberculosis  of  the  Fallopian  tubes  begins  at  the  distal  end,  and  this 
part  is  generally  found  most  affected.  The  mucous  membrane  is 
destroyed  and  replaced  by  caseous  matter  which  accumulates  in  the 
calibre  of  the  tube.  The  wall  is  also  thickened  and  infiltrated  with  the 
tubercular  newformation.  These  two  conditions  lead  to  a  great  dis- 
tension of  the  tube  (Fig.  331)  so  as  to  resemble  some  of  the  conditions 


Fig.  331. — Tuberculosis  of  Fallopian  tubes  seen  from  boliind.  a, uterus ;  b,  b,  fimbriated  extre- 
mities of  the  tubes  ;  c,  left  ovary.  The  ri^-lit  tube  is  seen  to  be  very  greatly  dilated  and'con- 
yoluted.  Tlie  dilatation  disappears  just  before  the  uterine  termination  of  the  tube,  'i'ho  left 
tube  IS  much  leas  affected,  being  most  dilated  at  its  distal  part.  Tliere  was  also  tuberculosis  of 
the  lungs  and  mesenteric  glands. 


resulting  from  salpingitis.  The  condition  is  sometimes  called  Tubercu- 
lar salpingitis.    There  is  not  generally  much  adhesion  to  parts  around, 
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but  there  may  be,  especially  when  the  condition  coincides  with  tubercu- 
losis of  the  peritoneum. 

The  tuberculosis  frequently  extends  to  the  Uterus,  where  ulcers 
form,  and  there  may  be  extensive  destruction  of  the  mucous  membrane ; 
the  whole  internal  surface  is  sometimes  involved. 

Tuberculosis  of  the  Ovaries  is  exceedingly  rare,  but  it  occurs  in  the 
form  of  caseous  masses. 

Literature. — Moslee,  Tuberkulose  der  weibl.  Gesclilechtsorgane,  1883;  Schramm, 
Arch.  f.  Gynacol.,  xix. ;  Steven,  Glasg.  Med.  Jour.,  xix.,  1883. 

Vin.— TUMOUES  OF  THE  UTEEUS  AND  VAGINA. 

1.  Myoma. — The  myoma  is  very  infrequent  in  the  vagina  and  in  the 
cervix  of  the  uterus,  but  is  extremely  frequent  in  the  body  of  the 
uterus.  It  occurs  in  from  10  to  20  per  cent,  of  women  beyond  20 
years  of  age,  and  in  about  40  per  cent,  of  those  above  50. 

The  myoma  presents  great  varieties  in  size,  number,  and  in  the 
details  of  its  structure.  There  may  be  a  single  small  tumour  about  the 
size  of  a  pea,  or  a  large  growth  weighing  more  than  fifty  pounds. 
There  are  frequently  several  tumours  present,  and  there  may  be  fifty 
attached  to  the  same  uterus.  The  tumour  is  usually  hard  and  fibrous 
in  appearance  on  section. 

In  structure  the  chief  variations  are  in  regard  to  the  proportion  of 
muscle,  connective  tissue,  and  vessels.  The  muscle  is  in  bundles  which 
to  the  naked  eye  often  give  a  concentric  arrangement  to  the  cut 
surface  (see  Fig.  333).  There  is,  under  the  microscope,  the  usual 
arrangement  of  the  nuclei  in  the  muscular  bundles,  as  shown  in  Fig. 
69,  p.  237.  The  character  of  these  nuclei  and  their  arrangement  are 
sufiiciently  distinctive  of  the  tumour. 

Connective  tissue  is  present  between  the  muscular  bundles;  some- 
times it  is  dense  and,  by  rendering  the  tumour  comjDact,  gives  it  a  very 
hard  fibrous  character.  In  some  cases  the  connective  tissue  increases 
out  of  proportion  to  the  muscle  and  a  process  of  indiu-ation  akin  to 
cirrhosis  occurs. 

The  vessels  are  usually  rather  spare  in  the  myoma,  but  sometimes 
great  dilatation  of  the  blood-vessels  occurs,  so  as  to  give  a  cavernous 
character  to  parts  of  the  tumour,  a  condition  indicated  by  the  name 
Myoma  telangiectodes.  In  other  cases  there  is  a  dilatation  of  the 
lymphatic  vessels,  leading  to  a  condition  called  Myoma  lymphan- 
giectodes. 

Secondary  changes  arc  very  liable  to  occur  in  the  myomas,  especially 
as  the  tumours  frequently  grow  to  large  dimensions  and  are  liable  to 
changes  in  position  so  as  to  interfere  mth  the  blood-vessels. 
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Cysts  not  infrequently  form  in  them.  These  are  sometimes  from 
Llilated  lymphatics,  but  more  frequently  from  softening  of  the  tumour 
tissue.  Large  cysts  are  thus  formed  in  the  midst  of  large  myomas, 
and  may  even  give  rise  to  a  feeling  of  fluctuation. 

(Edema  and  Haemorrhage  are  not  uncommon,  the  latter  especially, 
iind  more  particularly  in  the  tumours  with  dilated  blood-vessels. 

Calcareous  infiltration  occurs  in  two  diff"erent  forms.    From  obstruc- 
tion of  vessels  a  part  of  a  large  tumour  may  be  cut  oif  from  its  blood 
I  supply  and  become  obsolete.    In  that  case  lime  salts  may  infiltrate 
;it  and  they  are  deposited  in  all  the  constituents,  the  muscle-cells, 
>Tvalls  of  the  blood-vessels,  and  connective  tissue  (see  Fig.  41,  p.  172). 

Separation  and  Transplantation  are  not  uncommon  in  the  myoma. 
The  subserous  myoma,  after  becoming  pedunculated,  may  acquire 
vascular  connections  with  the  omentum  or  other  part  of  the  peritoneum 
and  ultimately  become  detached  from  the  uterus.  In  a  case  observed 
tby  the  author  a  tumour  seven  inches  in  length  was  attached  to  a  very 
ilong  great  omentum  and  was  very  moveable  in  the  abdomen. 

The  submucous  forms  also  sometimes  become  detached  into  the 
cavity  of  the  uterus,  and  may  either 
"be  discharged  or  retained. 

The  detached  or  transplanted 
imyoma  is  apt  to  undergo  calcifica- 
ition. 


In  a  specimen  sent  to  the  author  by 
^Dr.  Chapman,  of  Hereford,  and  depicted 
■in  Fig.  332,  a  myoma  was  found  lying 
loose  in  the  uterus.  It  had  externally  a 
firm  shell  which  had  to  be  sa^vn  through 
in  order  to  divide  the  tumour.  The  cal- 
cification extended  to  intersecting  tra- 
becule, which  divided  the  tissue  into 
loculi.  In  these  loculi  soft  tissue  ex- 
isted which  had  the  microscopic  char- 
acters of  that  of  the  ordinary  myoma. 
■Western  Infirmary. 


Fig.  332.— Calcified  myom.a  of  utoruH  found 
lying  in  the  cavity.    Half  the  natural  size. 


It  is  preserved  in  the  Museum  of  the 


The  myoma  originates  in  the  muscular  substance  of  the  uterus,  and 
fit  may  remain  in  the  wall  or  become  displaced  outwards  or  inwards. 
Hence  three  varieties  are  described. 

The  Subserous  myoma,  originating  in  the  external  layers  of  the  uterus, 
passes  outwards  as  it  grows,  and  pushes  the  peritoneal  coat  before  it. 
In  this  way  it  frequently  becomes  pedunculated.  The  subserous  form 
■ia  often  multiple,  and  as  from  its  situation  it  is  protected,  the  tumour 
may  grow  for  many  years  undisturbed,  and  reach  very  large  dimensions. 
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Such  large  myonias  may  be  mistaken  for  ovarian  tumours  and  excised 
as  such,  and  this  is  the  more  likely  as  cysts  not  infrequently  occur  in 
them. 

The  Interstitial  or  Intraparietal  myoma  in  its  growth  involves  the; 
wall  of  the  uterus,  and  may  cause  enormous  enlargement  of  the  organ 

(see  Fig.  333).  This  form  de- 
velops mostly  at  the  fundus,  and 
usually  occupies  the  posterior: 
wall.  The  tumour  and  greatly, 
enlarged  uterus  may  form  to- 
gether a  very  bulky  mass,  which , 
as  a  whole  is  liable  to  be  mistaken 
for  an  ovarian  or  other  tumour. 
The  author  has  met  with  several 
cases  in  which  the  tumour  and 
uterus  Avere  excised  under  this: 
belief.  Inoneofthesethetumoiu-s: 
seemed  to  be  multiple  and  the 
uterine  wall  could  not  be  dis- 
tinguished from  tumours,  the. 
greatly  enlarged  cavity  of  thei 
uterus  being  surrounded  by  ir-' 
regularly  lobulated  masses  of  mus- 
cular tissue.  In  this  case  it  looked 
as  if  the  uterus  as  a  whole  had 
undergone  an  irregular  hyper-' 
trophy,  or  had  grown  into  a  mas- 
sive tumour. 

^  ^ ,         ,  ^  The  Submucous  myoma  is  the; 

Fig.  333. -  -Gigantic  mtrapanetal  myoma  of  uterus.  _  " 
It  occupies  the  posterior  wall  and  somewhat  distends  foi'mwhich  mOSt  frequently  COmeS! 
the  OS  uteri,  whose  lips  were  almost  of  papery  thick- 
ness.   It  partly  projected  into  the  vagina  (a).    The  under  the  notico  of  tbc  pi'actl- 
greatly  dilated  cavity  of  uterus  (6)  lay  in  front,    c,  .                a    •  •        •       i            n  j? 
Urinary  bladder,    d,  Rectum.  tlOUCr.     Arising  111  thc  Wall  OI- 

the  uterjis,  it  passes  inwards,  pushing  the  mucous  membrane  before  it, 
and  from  the  action  of  gravity  it  tends  to  become  pendulous.  The  sub-' 
mucous  myoma,  therefore,  very  often  presents  itself  as  a  poly23US  (theo 
so-called  Fibroid  polypus),  and  it  may  have  a  very  narrow  neck.  It  very; 
often  arises  at  the  fundus,  and  may  grow  to  such  dimensions  as  to  fill 
the  uterus,  and  hang  down  through  the  cervix  into  the  vagina.  Thei 
mucous  membrane  covering  the  tumour  is  subject  to  irritation,  and. 
there  is  frequently  Hasmorrhage  and  Ulceration,  even  with  sloughing  im 
some  cases. 

2,  Cancers  of  the  uterus  and  vagina. — In  the  great  majority  of  cases: 
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the  cancer  begins  just  about  the  junction  of  the  uterus  and  vagina,  and 
involves  both  as  it  extends.  The  disease  scarcely  occurs  before  the  age 
i  of  thirty,  and  is  most  prevalent  between  forty  and  fifty.  It  appears 
:  also  from  the  statistics  of  West  that,  contrary  to  what  is  sometimes 
■  stated,  it  occurs  much  more  frequently  in  women  who  have  borne 
I  children  than  in  those  who  have  not,  and  most  frequently  in  those  who 
I  have  had  more  than  the  usual  number  of  pregnancies  ;  it  is  as  if  the  dis- 
1  ease  developed  most  readily  when  the  uterus  is  deteriorated  by  repeated 
conceptions. 

The  cancer  mostly  consists  of  large  flat  epithelial  cells,  and  in  most 
I  cases  these  insinuate  themselves  amongst  the  constituents  of  the  uterine 
■wall,  while  in  some  cases  the  growth  is  more  superficial.  Hence  it  is 
possible  to  distinguish  an  infiltrating  from  a  superficial  form,  the  latter 
being  frequently  designated  Epithelioma. 

Infiltrating  cancer  begins  as  an  infiltration  of  a  limited  part  of  the 


Fig.  334. — Section  of  cancor  of  utcnis  under  .a  very  low  power,  showine;  mode  of 
advance  into  wall  of  uterii.s ;  «,  muscular  substance  of  uterus,  interrupted  fre- 
quently (ns  at  b)  by  masses  of  cancerous  structure.  At  lower  part  of  figrure  (at  c) 
tlie  muscular  substance  is  still  more  frequently  interrupted  and  the  tissue  has 
quite  an  alveolar  appearance,  the  muscle  partly  forming  the  stroma,    x  22. 


portio  vaginalis,  and  extends  more  or  less  round  the  external  os.  By 
and  by  the  whole  portio  vaginalis  is  converted  into  a  hard,  irregularly 
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prominent  tumour.  At  first  the  infiltration  is  confined  to  the  mucous 
membrane  and  submucous  tissue,  but  by  degrees  it  spreads  both  deeplj' 
and  laterally.  It  insinuates  itself  into  the  muscular  substance  of  the 
uterus,  separating  and  breaking  up  the  muscular  trabeculte,  which  conic 
to  form  a  kind  of  rough  stroma  for  it  (see  Fig.  334).  It  also  passes  into 
the  vagina,  infiltrating  its  wall.  Very  soon  ulceration  of  the  surface 
sets  in,  and  in  its  subsequent  course  there  is  a  progressive  ulceration 
and  infiltration,  the  former  following  the  latter.  The  infiltration  passes 
into  the  body  of  the  uterus,  but  does  not  usually  reach  the  fundus  before 

the  death  of  the  patient.  If  the  parts 
be  examined  post  mortem  (Fig.  335), 
it  will  be  seen  than  an  irregularly 
excavated  ulcer  occupies  the  adjacent 
parts  of  the  uterus  and  vagina,  rendering 
their  respective  limits  inappreciable. 
Then  outside  this  there  is  the  whitish 
cancerous  tissue,  which  extends  into  the 
uterine  substance  some  lines  beyond  the 
ulcer. 

This  disease  aff'ects  neighbouring 
structures.  There  are  cancerous  masses 
usually  in  the  ligaments  and  under  the 
peritoneum.  The  bladder  is  frequently 
adherent  to  the  uterine  cancer  and  its 
mucous  membrane  red  and  irregular,  or 
else  it  presents  cancerous  nodules.  The 
ulceration  even  extends  sometimes  into  the  bladder,  which  forms  thiis  a 
communication  with  the  vagina.  The  rectum  is  much  less  closely  related 
to  the  cervix  uteri  than  the  bladder,  and  it  is  less  frequently  involved. 
Those  parts  of  the  uterus  which  are  not  engaged  in  the  cancerous  disease 
are  inflamed,  and  adhesions  are  formed  to  the  rectum  and  urinary 
bladder.  Although  thus  extending  locally,  the  cancer  has  little  tendency 
to  form  secondary  tumours  in  the  lymphatic  glands,  and  still  more 
seldom  does  it  become  generalized. 

It  sometimes  happens  that  the  newformation  of  cancerous  tissue  is  -: 
more  vigorous  than  the  ulceration,  and  in  that  case  we  may  have  pro-  i 
minent  ragged  masses  hanging  into  the  vagina. 

The  microscojjic  examination  of  this  form  of  cancer  shoAvs  masses  of  t 
epithelial  cells,  usually  of  considerable  size,  arranged  irregularly  in  i 
alveoli,  the  stroma  being  largely  formed  by  the  remains  of  the  structures 
into  which  it  has  infiltrated. 

Epithelial  cancer  or  Cancroid  is  hardly  to  be  distinctly  delimited 


Fig.  335. — Cancer  of  uterus,  the  parts 
shown  in  section.  To  the  right  is  the 
urinary  bladder.  To  the  left  are  vagina 
and  uterus,  both  of  them  to  a  large  extent 
converted  into  iiTegular  cancerous  masses. 
(Graily  Hewitt  from  Martin.) 
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from  the  former,  but  is  characterized  by  a  more  superficial  outgrowth  of 
prominent  Avarty  projections,  while  the  deeper  infiltration  is  slower  and 
less  in  degree.  The  disease  begins,  as  in  the  other  case,  in  the  portio 
vaginalis,  and  at  first  there  is  little  more  than  a  prominent  Avarty  out- 


Figr.  336. — Cauliflower  cancer  of  posterior  lip  of  os  uteri.  A  probe  is 
passed  through  the  os,  and  the  anterior  lip  in  front  of  it  is  seen  to  be 
normal,  while  a  cauliflower  growth  projects  from  tlie  posterior. 
(Simpson.) 


growth.  But  the  warty  growth  increases  while  the  base  becomes  infil- 
trated till  a  bulky  prominence  results,  whose  surface,  consisting  of 
masses  of  papilliform  projections,  gives  the  character  of  the  Cauliflower 
excrescence  (Fig.  336). 

This  form  of  tumour  is  also  liable  to  ulceration,  and  there  may  be  a 
combination  of  ulceration  with  papilliform  projections,  although,  after  a 
time,  the  papillsE  may  be  destroyed  and  the  appearances  approximate  to 
those  of  the  other  form  of  cancer. 

Under  the  microscope  the  structure  here  is  more  that  of  flat-celled 
epithelioma.  The  prominent  papillae  are  covered  with  pavement  epi- 
thelium, and  the  deeper  infiltration  consists  of  masses  of  flat  cells. 

A  few  cases  have  been  observed  in  which  Colloid  cancer  has  been  the 
form  occurring  in  the  uterus,  the  situation  being  the  same  as  in  the  other 
more  common  forms.  In  rare  cases  also  a  cancer  may  arise  from  the 
fundus  uteri. 

3.  Sarcoma  of  the  uterus  and  vagina. — This  form  of  tumour  is  very 
rare.   It  originates  mostly  in  the  substance  of  the  uterus,  and  may  form 
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an  extensive  infiltration  or  a  limited  tumour.  The  commonest  form  is  the 
spindle-celled  sarcoma,  but  the  round-celled  form  also  occurs.  Some- 
times, but  very  rarely,  a  myoma  assumes  the  characters  of  a  sarcoma, 
becoming  soft  and  loose  in  its  structure,  and  its  cells  more  detached 
from  each  other.   We  thus  have  a  Myosarcoma. 

4.  Mucous  polypi  and  Adenomata  of  the  uterus. — These  are  met 
with  mainly  as  the  result  of  chronic  inflammation  of  the  mucous  mem- 
brane, and  may  spring  from  the  body  of  the  uterus  or  cervix.  Some- 
times there  is  a  general  irregular  prominence  from  hypertrophy  of 
the  mucous  membrane,  but  usually  there  are  definite  polypoid  out- 
growths. 

The  mucous  polypus  may  consist  of  a  limited  hypertrophy  of  the 
mucous  membrane,  the  tumour  being  a  tolerably  firm  one  unless,  as 
sometimes  happens,  it  becomes  soft  by  oedema  or  by  the  excessive 
development  of  its  vessels.  In  this  latter  case  we  may  have  a  tumour 
approaching  to  cavernous  in  character.  Or  polypi  may  consist  largely 
of  Glandular  structures,  mucous  glands  being  apparently  new-formed  so 
as  to  provide  the  tissue  of  the  tumour.  These  polypi  are  comparatively 
soft,  and  may  grow  to  a  considerable  size,  especially  when  they  become 
Cystic.  We  have  already  seen  that  tumours  consisting  of  glandular 
tissue  are  peculiarly  apt  to  become  cystic,  and  these  form  no  exceptions. 
The  larger  polypi  may  somewhat  distend  the  uterus. 

Parasites  are  rare  in  the  uterus  and  vagina.  Thread  worms  maj'' 
pass  over  from  the  rectum.  Bacteria  are  met  mth  in  the  vaginal 
secretion,  and  the  fibres  of  leptothrix  also  occur  frequently.  In 
gonorrhoea  the  gonococcus  is  present.  The  oidium  albicans  is  found  in 
connection  with  thrush.  The  cysticercus  cellulosae  has  been  doubtfully 
seen  in  the  uterus,  and  the  echinococcus  with  exceeding  rarity. 

Literature. — Myoma — ^Vibchow,  Geschwiilste,  iii. ;  Leopold,  (M.  telangiectodes) 
Arch,  der  Heilk.,  1873 ;  Winckel,  in  Volkmann's  Samml.,  No.  98.  Cancer — Ecge 
u.  Veit,  Der  Krebs  der  Gebiirmutter,  1881 ;  Willlvms,  Cane,  of  uterus,  1888.  Sar- 
coma— Winckel,  Dis.  of  women  (transl.),  1887;  Beeumann,  Ueber  Sarkoma ' uteri, 
1876. 

IX.— TUMOURS  OF  THE  OVARY,  PAROVARIUM  AND  BROAD 

LIGAMENT. 

Introduction. — The  ovary  and  broad  ligament  are  very  frequently  the 
seats  of  cystic  tumours,  Avhich  sometimes  attain  vast  dimensions.  The 
origin  and  mutual  relations  of  the  various  forms  are  not  completelj^ 
disentangled,  but  a  knowledge  of  the  anatomical  conditions  is  necessary 
as  a  preliminary. 

The  ovary  lies  at  the  back  of  the  broad  ligament.   It  is  free  on  its  two 
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I sides  and  along  its  convex  posterior  border.  It  is  attached  by  its 
anterior  border,  which  presents  a  deep  groove  or  hilwm  by  which  the 
vessels  enter.  The  ovary  is  attached  to  the  uterus  by  a  dense  Ligament 
I  (see  Fig.  337)  and  to  the  Fallopian  tube  by  the  Ovarian  fimbria  of  that 
tube  (see  figure). 


Fig.  337. — Diagrammatic  view  of  uterus  and  appeudajfes.  jjo,  parovarium;  oil,  Fallopian 
tube;  fi.  its  fimbriated  extremity;  n,  ovary,  with  the  ovarian  fimbria  to  tha  riglit  proceed- 
ing to  tlie  fimbriated  extremity,  and  a  ligament  to  the  left  attaching  it  to  the  uterus  near 
the  origin  of  the  Fallopian  tube.  (Quaix.) 


The  parovarium,  which  is  the  remains  of  the  Wolffian  body,  is 
usually  easily  made  out.    It  lies  between  the  two  folds  of  peritoneum 
which  constitute  the  broad  ligament,  and  under  the  arch  of  the  Fallo- 
:  plan  tube,  between  the  latter  and  the  ovary.    It  is  readily  seen  in  most 
I  normal  subjects,  by  holding  the  parts  up  against  the  light.  It  then  appears, 
.  as  in  Fig.  337,  that  the  organ  is  composed  of  a  transverse  tube  or  duct, 
:  and  of  a  immber  of  vertical  tubes,  usually  8  or  10  well-developed.  The 
transverse  tube  is  the  duct  of  Giirtner,  and  it  has  been  traced  inwards  to 
•  the  wall  of  the  uterus  and  onwards  so  to  end  in  the  urethra.   This  tube 
1  frequently  ends  distally  in  a  small  pedunculated  cyst  as  in  figure.  The 
'  vertical  tubes  of  the  parovarium  pass  towards  the  hilum  of  the  ovary,  and 
■  they  partly  enter  into  the  formation  of  the  ovary,  so  that  some 
authors  describe  a  medullary  part  next  the  hilum  and  containing 
t  these  AVolffian  structures,  and  a  peripheral  or  cortical  portion  contain- 
i  ing  the  ova. 

It  follows  from  these  anatomical  relations  that  a  tumour  of  the  ovary 
;  proper  will  generally  grow  into  the  peritoneum,  hanging  free  with  a 
'  narrow  pedicle.     On  the  other  hand,  one  arising  in  the  jDarovarium 
or  in  the  substance  of  the  broad  ligament,  being  sub-peritoneal  in  its 
'  origin,  will  expand  the  broad  ligament  £tnd  be  seldom  pedunculated. 

1.  Simple  cysts  occur  which  are  in  many  respects  comparable  with 
the  simple  cysts  which  are  so  frequent  in  the  kidney,  and  like  them 
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have  no  very  special  significance  (see  Fig.  330).  They  are  produced  by 
Dropsy  of  the  Graafian  vesicles,  as  was  proved  by  the  discovery  by 
Rokitansky  of  an  ovum  in  such  a  cyst. 

Simple  cysts  may  be  of  congenital  origin,  having  been  observed  in 
new-born  children. 

As  a  general  rule  there  are  several  cysts  simultaneously  developed, 
usually  from  ten  to  twenty,  but  one  or  a  few  may  attain  a  prepon- 
derating size.  The  cysts  have  a  distinct  smooth  lining  membrane,  with 
a  single  layer  of  epithelium.  The  contents  are  mostly  clear  serum,  but 
they  may  be  dark  from  haemorrhage,  or  turbid  from  inflammation.  The 
enlargement  of  the  ovary  is  not  generally  great  in  this  form  of  cystic 
disease  ;  it  rarely  reaches  the  size  of  the  fist,  and  still  more  rarely  that 
of  the  head.  If  there  are  several  cysts,  they  take  shape  by  mutual 
pressure. 

2.  Colloid  ovarian  cystoma. — This  form  is  of  much  more  frequent 
occurrence  and  vastly  more  important.  To  this  class  of  cysts  the  name 
Cystoma  is  jaroporly  applied,  because  they  arise  by  a  distinct  newforma- 
tion,  there  being  first  produced  a  preparatory  tissue,  which  goes  on  to 
the  formation  of  the  cysts.  The  preparatory  tissue  is  glandular  in 
character,  and  hence  the  names  Adenoma  and  Adenocystoma  are  some- 
times applied.  This  group  includes  the  characteristic  Multilocular 
cysts  of  the  ovary. 

These  cysts  form  bulky  tumours,  and  while  the  tumour  itself  is  formed 
of  a  number  of  larger  and  smaller  cysts,  there  is  nearly  always,  in  the 
walls  of  these,  more  or  less  solid  material  which  shows  various  stages 
in  the  process  of  cystic  formation.  The  tumour,  sometimes  of  enormous 
size,  represents  the  Ovary  as  a  whole,  and  is  not  merely  something 
added  to  it,  the  external  covering  of  the  cyst  corresponding  strictly 
with  the  surface  of  the  ovary. 


Fig.  338. — Section  of  tissue  in  wall  of  an  ovarian  cyst.  There  is  a  Congeries  of  glandular  struc- 
tures lined  witli  cylindrical  epitboliuni.    x  150. 


The  solid  tissue  in  the  wall  of  the  cysts  shows  the  various  stages  in 
the  process  of  development.  It  shows,  microscopically,  a  glandular 
structure  (see  Fig.  338)  in  the  form  of  tubular  canals  lined  Avith  cylin- 
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drical  epithelium.  These '  gland-like  structures  often  project  into  cysts, 
land  altogether  they  show  a  very  striking  power  of  newformation.  The 
: transformation  of  the  gland-like  tissue  into  cysts  is  readily  seen  in  many 
.cases.  The  cylindrical  epitheliuni  presents  very  markedly  the  goblet 
fform  seen  in  mucous  glands  (Fig.  339),  and  it  secretes  a  mucous 


Fig.  339. — Portion  of  wall  of  colloid  ovai'ian  cyst.    The  lining  epithelium  is  mostly  in 
the  form  of  goblet  cells,    x  350. 

■  or  colloid  material,  which  accumulates  in  the  cavity  and  distends  it  more 
;and  more  into  a  globular  cyst.  We  have  therefore,  in  the  walls  of  the 
'  cysts,  very  commonly  large  numbers  of  smaller  cysts  which  take  their 
-shape  by  mutual  pressure,  as  in  Fig.  340.  Cysts  formed  in  this  way 
[project  into  the  already  existing  cysts  as  they  grow,  and  may  after- 
1  wards  burst  and  become  flattened  out  on  the  wall  of  the  older  cyst.  As 
^all  the  cysts  have  had  a  similar  origin,  they  are  lined  with  epithelium^ 

•  whose  function  it  is  to  secrete  a  colloid  or  mucoid  fluid,  and  so  the  cysts, 

•  once  formed,  have  an  almost  continuous  tendency  to  increase. 

As  regards  the  Origin  and  Significance  of  the  glandular  tissue, 
:  authors  are  generally  agreed  that,  as  we  have  here  essentially  to  do  with 
-.  glandular  epithelium,  its  origin  is  to  be  referred  to  the  primordial  epi- 

■  thelial  structures  of  the  ovary.   The  primordial  ovary  consists  of  a  layer  of 

•  epithelium  on  the  surface  of  a  coimective  tissue  projection.    The  ova 

■  form  by  the  penetration  or  reduplication  inwards  of  this  superficial 

•  epithelium,  which  at  first  forms  a  series  of  communicating  channels  or 

■  follicles  which  Waldeyer  compares  to  a  cavernous  tissue.    By  the  con- 

■  striction  of  these  canals  the  ova  are  formed,  it  being  doubtful  whether 
;  the  cells  of  the  membrana  granulosa  which  lines  the  Graafian  vesicle  are 
<  derived  from  this  epithelium  or  from  the  connective-tissue  stroma.  The 
.  glandular  formation  in  ovarian  cystoma  may  be  regarded  as  a  patho- 
'  logical  and  exaggerated  recurrence  of  the  foetal  condition. 
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The  Naked-eye  appearances  of  the  colloid  cystoma  are  generally  quite 
characteristic.  The  tumour  represents  an  ovary,  and  its  outer 
covering  is  the  outer  covering  of  the  ovary  with  its  layer  of  endothelium. 


Fig.  340.-Sectiou  of  portion  of  a  projection  on  internal  surface  of  ovarian  cyst.  It  consists  of  a  i 
congeries  of  variously  sized  smaller  cysts,    x  20. 

The  surface  is  usually  smooth  and  very  often  free  from  adhesion  to 
neighbouring  structures.    In  shape  the  tumour  is  generally  more  or  less  = 
globular,  but  not  infrequently  it  is  lobulated  on  the  surface  and  evidently 
composed  of  several  cysts.    Although  the  cyst  is  for  the  most  part 
obviously  multiloculax,  yet  one  of  the  cysts  sometimes  attains  such  a 
preponderating  size  that  the  tumour  is  apparently  unilocular.    In  these 
cases  examination  will  show  the  existence  of  other  cysts  flattened  outim 
the  wall,  or  collected  here  and  there  in  clusters.    Towards  the  base  of  ^ 
the  tumour,  but  also  in  many  cases  at  various  places,  there  are  solid  on 
semi-solid  masses  in  which  cysts  are  in  process  of  development  in  thei 
way  already  described.    The  size  of  the  tumour  is  frequently  very  great, 
much  larger  than  that  of  the  uterus  at  the  full  time.    On  cutting  into  it 
there  escapes  from  the  cysts  a  sticky  brownish  or  yellowish  fluid,  which! 
is  tolerably  clear  unless  some  of  the  secondary  changes  to  be  presently: 
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described  have  occurred  in  it.  If,  as  is  usually  the  case,  there  are  many 
cysts,  they  take  shape  by  mutual  pressure  against  each  other,  while  the 
general  globular  outline  of  the  tumour  as  a  whole  is  preserved. 

As  the  ovary  hangs  free  in  the  peritoneum  the  tumour  also  generally 
expands  outwards  freely,  and  preserves  a  comparatively  narrow  attach- 
ment, called  the  Pedicle.  The  expansion  is  very  rarely  upwards  from 
the  ovary  into  the  broad  ligament,  but  sometimes  it  is,  at  least  partially, 
in  that  direction.  If  it  be  so,  then  the  tumour  Avill  be  more  sessile  and 
the  Fallopian  tube  will  probably  be  stretched  over  its  summit. 

Secondary  changes  occur  in  the  cysts  which  concern  chiefly  their 
contents.  It  seems  almost  a  normal  condition  in  large  cysts  that  the 
internal  wall  should  present  collections  of  cells  in  a  state  of  Fatty 
degeneration,  these  cells  being  often  in  many  layers.  Cells  also 
pass  into  the  fluid,  so  that  in  all  ovarian  fluids  cells  are  to  be  found  of 
round  shape  and  with  oil  drops  in  them.  In  addition  to  small  cells 
having  a  few  minute  oil  granules  in  them  (Drysdale's  cells),  there  are 
usually  larger  ones  with  more  oil  drops,  up  to  large  cells  having  the 
regular  characters  of  compound  granular  corpuscles.  Many  of  these 
cells  are  doubtless  leucocytes  which  have  emigrated  into  the  cysts. 

The  number  of  these  fatty  cells  may  be  greatly  increased,  and,  as 
many  of  them  in  that  case  break  down,  we  may  have  a  fluid  which  is 
turbid  from  the  presence  of  numerous  fatty  cells  and  free  oil.  The 
fluid  is  also  pale  like  a  fatty  emulsion,  and  in  many  cases  it  resembles 
pus  in  its  physical  characters.  This  change  is  most  likely  to  occur  in 
old  and  large  cysts,  but  it  is  not  infrequent  in  younger  and  smaller 
ones. 

The  free  fat,  if  long  retained,  forms  Crystals  of  cholestearine,  and  in 
fact  these  crystals  are  frequently  found  in  the  fluid  of  cysts  which  other- 
wise arc  not  strikingly  altered. 

Haemorrhage  occasionally  occurs  into  the  cysts,  and  this  will  cause 
the  fluid  to  be  turbid  and  deep  brown  or  red  in  colour.  There  may  also 
be  masses  of  softened  fibrine  in  the  cavity.  Sometimes,  however,  the 
fluid  has  a  dark  brown  colour  without  htemorrhage. 

Inflammation  of  the  cyst-wall  is  not  of  very  frequent  occurrence. 
There  may  l)e  an  acute  supjourative  inflammation,  so  that  the  contents 
become  mixed  with  pus  and  assume  more  and  more  of  the  purulent 
character.  With  this  there  is  generally  an  acute  inflammation  of  the 
surface,  with  fibrinous  exudation  and  adhesion  to  neighbouring  struc- 
tures. If  the  supjjuration  continues  there  is  apt  to  be  perforation  of 
the  pus  into  the  abdominal  cavity  with  resulting  fatal  peritonitis.  A 
chronic  inflammation  is  more  common,  causing  adhesion  of  the  cyst  to 
neighbouring  parts,  and  these  adhesions  may  lie  very  extensive  and  firm. 
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Perforation  or  Rupture  of  the  cyst-wall  is  not  of  infrequent  occur- 
rence. It  has  been  already  stated  that  coalescence  of  cysts  by  rupture 
of  their  adjacent  walls  is  a  regular  process  in  the  course  of  growth.  A 
rupture  externally  is  much  less  frequent.  It  occurs  by  mechanical 
violence,  by  necrosis  of  parts  of  the  wall  from  interference  with  the  cir- 
culation, from  inflaiumation,  or  from  penetration  of  the  wall  by  the 
growth  of  the  secondary  cysts. 

The  rupture  occurs  usually  into  the  peritoneum,  but  it  may  be  into 
the  rectum  or  bladder,  inflammatory  adhesions  having  previously 
formed.  The  colloid  matter  in  the  peritoneal  cavity  sets  up  inflam- 
mation which  may  be  somewhat  acute.  If  it  lasts  for  some  time  there 
is  great  thickening,  especially  of  the  omentum,  which  contains  colloid 
masses,  and  looks  like  a  mass  of  boiled  sago  (Doran  and  Olshausen). 

3.  Papillomatous  cysts  of  the  ovary. — Cysts  of  this  kind  are 
usually  regarded  as  originating  in  the  hilum  of  the  ovary,  and  therefore 
as  springing  from  the  remains  of  the  Wolffian  body.  They  form  large 
multilocular  tumours  with  glairy  colloid  contents  like  those  already 
described.  Instead  of  a  glandular  tissue  in  their  walls  from  which  the 
cysts  form,  there  is  a  papillary  growth  into  the  cavities  of  the  cysts. 
The  intra-cystic  growth  consists  of  dendritic  papilla;  covered  with 
cylindrical  epithelium  which  does  not  take  the  goblet  characters. 

This  form  of  cystoma  is  sometimes  combined  with  the  other,  as  if  the 
newformation  had  originated  from  both  parts  of  the  ovary. 

The  papillomatous  cyst  has  much  more  malignant  characters  than 
the  ordinary  colloid.  The  growing  papillae  not  infrequently  pierce  the 
wall  of  the  cyst  and  present  themselves  externally.  There  may  be  thizs 
a  considerable  shaggy  growth  outside  the  tumour.  Then  there  may  be 
in  addition  transplantation  to  other  parts  of  the  peritoneum,  and  the 
papillae  grow  where  they  are  planted.  We  may  in  this  way  have 
shaggy  papillomatous  growths  surrounding  the  uterus  and  other  struc- 
tures in  the  pelvis  and  even  on  the  general  peritoneum.  The  rupture 
of  the  cysts  by  scattering  the  papillae-  produces  serious  results. 

This  form  of  tumour  is  likely  to  be  less  pedunculated  than  the  former 
kind.  Originating  at  the  hilum,  it  may  grow  specially  into  the  broad 
ligament,  distending  it  and  stretching  the  Fallopian  tube,  somewhat  in 
the  fashion  of  the  cysts  of  the  broad  ligament.  There  are,  indeed,  cases 
in  which  it  is  difficult  to  say  whether  the  cyst  has  originated  in  the 
ovary  or  broad  ligament. 

4.  Cysts  of  the  broad  ligament.  Parovarian  cysts.— The  cysts  of 
the  broad  ligament  occur  almost  uniformly  in  that  part  which  lies  above 
the  ovary,  and  contains  the  parovarium.  It  is  natural  to  infer  that  they 
originate  in  this  organ,  but  recently  doubts  have  been  raised  as  to  this 
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as  the  origin  of  all  these  cysts.  Hence  the  general  term  cysts  of  the 
broad  ligament  is  now  more  frequently  in  use.  It  is  acknowledged  that 
some  of  them  originate  in  the  parovarium,  and,  according  to  Doran,  it 
is  chiefly  those  which  show  papillomatous  ingrowths  which  do  so.  At 
the  same  time,  the  genei^al  characters  of  all  these  cysts  are  otherwise  so 
similar  that  one  is  led  to  infer  a  common  origin. 

The  cysts  of  the  broad  ligament  are  nearly  always  unilocular.  They 
frequently  grow  to  large  dimensions,  and  they  have  a  perfectly  simple 
connective-tissue  wall,  without  any  trace  of  partitions. 

Growing  between  the  two  folds  of  the  broad  ligament  they  distend 
the  peritoneum  over  them,  and  this  peritoneal  covering,  being  loosely 
attached  to  the  proper  cyst-wall,  can  be  readily  separated.  As  it  has 
attained  to  considerable  thickness  the  peritoneal  coat  itself  makes  a 
distinct  cyst,  like  the  outer  skin  of  a  football.  In  this  respect  the  cyst 
differs  from  the  ovarian  forms,  in  which  no  such  layer  of  peritoneum  is 
distinguishable. 

From  the  position  of  these  tumours,  lying  between  ovary  and  Fal- 
lopian tube  (see  Fig.  337,  p.  881),  they  stretch  these  structures  greatly. 
The  figure  shows  that  a  girdle  is  formed  round  this  part  of  the  broad 
ligament,  by  Fallopian  tube,  ovarian  fimbria,  ovary  and  ovarian  liga- 
ment. This  girdle  remains  around  the  cyst  but  greatly  elongated.  The 
rallopian  tube  is  enlarged  and  elongated  till  it  may  measure  fourteen 
or  fifteen  inches.  The  fimbriated  extremity  is  flattened  out  and  exag- 
gerated, while  the  ovarian  fimbria  is  stretched  and  thickened.  The 
Ovary  generally  hangs  from  the  lower  part  of  the  cyst,  elongated  and 
condensed.  The  ovarian  ligament  completes  the  girdle.  There  is  thus 
no  proper  pedicle  such  as  ovarian  tumours  usually  have. 

The  contents  of  the  cyst  are  usually  a  clear,  colourless  fluid,  of  a 
specific  gravity  not  greatly  exceeding  1008. 

In  most  cases  the  internal  surface  of  the  cyst  is  smooth,  but  some- 
times intra-cystic  papillary  growth  occurs,  this  form  being  supposed  to 
be  specially  parovarian.  The  papillomatous  cysts,  like  the  similar  ones 
of  the  ovary,  show  malignant  characters. 

Rupture  of  these  cysts  is  not  accompanied  by  the  inflammatory 
manifestations  produced  by  the  ovarian  cysts.  The  papillomatous 
forms,  however,  may  lead  to  secondary  growths  by  rupture.  The 
ruptured  cyst  may  lie  for  years  in  the  abdomen  producing  little  or  no 
disturbance,  and  without  any  tendency  to  refill.  This  was  so  in  a  case 
observed  by  Gairdner  and  the  author,  and  preserved  in  the  Western 
Infirmary  Museum. 

5.  Dermoid  cysts  of  the  ovary. — These  are  sometimes  regarded  as 
belonging  to  the  class  of  Teratoma.    They  a,ro  of  comparatively  fre- 
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(juent  occurrence  in  the  ovary,  and  may  be  bilateral.    The  cyst  has  a 


Fiff.  341. — Section  of  -wall  of  dermoid  cyst  of  ovary.  A  conpei-ies  of  sebaceous  glands  with 
open  months  («,  a.,  a)  occupy  tlie  wall.  The  cyst  contained  lai-ge  masses  of  buttery  material  with 
hairs,    x  20. 

thick  connective  tissue  wall,  and  is  generally  filled  with  yellow  masses 

of  buttery  material  in  which  numerous  long 
hairs  are  entangled.  Large  quantities  of 
this  material  may  be  present. 

The  cyst  has  an  internal  lining  of 
epithelium  or  epidermis,  but  in  certain 
areas  a  more  complex  structure  is  de- 
veloped. Thus  sebaceous  glands  (Fig. 
341),  hairs  (Fig.  342),  bones,  and  even 
teeth  may  enter  into  the  constitution  of  the 
wall. 

The  sebaceous  glands  secrete  oil  which 
is  fluid  at  the  temperature  of  the  body,  but 
on  cooling  forms  the  butterj^  mass.  Hairs 
are  shed  as  from  the  ordinary  hairy  parts 
I'-is.  342.— Hair  in  its  follicle  with  of  the  skin,  and  thcse  accumulate  amongst 

sebaceous  gland,  from  wall  of  same  .,        „   .  ^        .  ,  .  i 

cyst  as  the  lonuor  figure,  x  20.       the  Oil.     Lpidemiic  cells  are  also  mixed 
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with  it.  Teeth  are  sometimes  present,  not  onlj'  in  the  M-alls,  but  in 
the  contents,  sometimes  to  the  number  of  a  hundred. 

These  cysts  not  infrequently  inflame  and  may  rupture,  most  fre- 
quently into  the  bladder  or  rectum,  their  peculiar  contents  being 
discharged,  and  so  revealing  the  nature  of  the  case. 

6.  Cancer  of  the  ovary  occurs  mostly  as  a  Cyst  with  cancerous 
growths  in  its  walls.  There  may  be  a  combination  of  the  colloid 
or  papillomatous  cyst  with  cancer,  or  a  partial  transformation  of  the 
former  into  the  latter.  In  the  ordinary  ovarian  cyst  the  epithelium  has 
a  regular  and  normal  arrangement,  and  we  may  call  the  tumour  in  that 
aspect  an  adenoma  ;  in  the  cancer  the  epithelium  is  distinctly  abnormal 
in  its  arrangement,  being  aggregated  into  indefinite  masses.  It  may 
happen  that  in  the  midst  of  the  cancer  the  epithelium  is  under- 
going metamorphosis,  so  that  cysts  arc  developing  from  it  as  from  the 
more  regular  glandular  tissue. 

Besides  these  cancerous  cysts  we  may  have  a  Solid  cancerous  tumour 
in  the  ovary,  presenting  the  usual  characters,  but,  like  the  ovarian 
tumours,  showing  a  very  excessive  growth. 

7.  Sarcoma  is  a  rare  tumour  in  the  ovary.  Spindle-celled  sarcoma  is 
the  more  usual  form,  but  round-celled  sarcomas  also  occur.  These 
tumours  may  also  assume  very  large  proportions,  reaching  the  size  of 
the  head  sometimes,  and  they  are  not  infrequently  bilateral.  Cysts  are 
frequently  present  in  the  midst  of  them,  and  these  may  be  simple 
serous  cysts  or  they  may  have  colloid  contents.  These  latter  may 
arise  from  glandular  structures,  and  the  disease  may  form  a  combin- 
ation of  the  colloid  cystoma  and  the  sarcoma,  or  they  may  originate  in 
a  softening  of  the  sarcomatous  tissue. 

Myoma  of  the  ovary  forms  a  hard  fibrous-looking  tumour. 
Fibroma  and  Chondroma  have  also  been  met  with,  forming  dense 
tumours. 

Tumours  of  the  Fallopian  tubes  are  excessively  rare,  but  a  few  cases 
of  papilloma  and  of  cancer  have  been  recorded. 

Tubo-ovarian  cyst  is  a  name  given  to  a  condition  occasionally  met  with  in  which 
the  end  of  the  Fallopian  tube  is  adherent  to  and  communicates  with  an  ovarian 
cyst.  The  tube  is  itself  dilated  in  some  cases,  and  in  some  the  ovarian  cyst  dis- 
charges into  the  tube. 

The  origin  of  this  condition  is  not  always  clear.  In  some  cases  it  is  evident  that 
a  salpingitis  and  perimetritis  have  caused  adhesion  of  the  tube  to  the  ovary  and 
occlusion  of  its  orifice,  with  resulting  dilatation.  A  chronic  inflammation  of  the 
ovary  coinciding  may  lead  to  cystic  formation  in  it,  by  dilatation  of  the  Graafian 
follicles,  and  coalescence  may  result.  A  colloid  cystoma  may  coincide,  but  this  is  a 
rare  accident.  According  to  some  authors  a  congenital  adhesion  of  the  tubes  to  the 
ovaries  leads  to  the  tubo-ovarian  cyst  in  some  cases. 
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B.— The  Fcetal  Membranes  and  Placenta. 

The  piithological  changes  in  these  structures  have  been  very  imper- 
fectly investigated,  and  there  are  many  of  the  lesions  whose  nature  is 
not  clearly  understood. 

1.  Affections  of  the  decidua. — It  is  generally  believed  that  diseases 
of  the  decidua  are  common  causes  of  premature  discharge  of  the  ovimi, 
but  little  is  known  as  to  their  nature.  Atrophy  and  hypertrophy  are 
stated  to  occur,  the  latter  perhaps  as  the  result  of  inflammation. 

Inflammation  of  the  decidua  {Deciduitis  or  Endometritis  decidual  is) 
apparently  leads  to  various  local  thickenings  and  irregularities  of  the 
decidua.  It  occurs  when,  before  pregnancy,  there  has  been  a  chronic  in- 
flammation of  the  mucous  membrane  of  the  uterus.  The  changes  are 
observed  in  the  membrane  discharged  along  with  the  aborted  foetus. 

Haemorrhag-e.  The  Sanguineous  or  Fleshy  mole. — Ha3morrhage  from 
the  decidua  is  frequent  in  the  course  of  pregnancy,  and  may  be  the 
cause  of  abortion. 

In  some  cases  the  foetus  is  retained  and  the  blood  may  accumulate  in 
the  chorion  and  the  surface  of  the  amnion.  The  blood  coagulates,  and,  the 
fibrine  condensing  the  structures,  a  fleshy  mass  is  produced,  in  the  midst 
of  which  the  dead  foetus  may  be  no  longer  discoverable.  This  mass  may 
remain  long  in  the  uterus,  to  be  discharged  afterwards  as  a  fleshy  mole. 
Sometimes  it  is  retained  so  long  as  to  become  infiltrated  with  lime  salts, 
a  stony  mole  being  ultimately  discharged. 

2.  Hydatid  mole. — This  is  an  aff'ection  of  the  chorion,  arising  by  a 
great  newformation  of  the  mucous  tissue  which  normally  exists  in  the 
villi. 

The  hydatid  mole  is  formed  of  a  mass  consisting  of  the  foetal  mem- 
branes OH  the  surface  of  which  are  myriads  of  oval  or  round  cyst-like 
bodies  which  hang  like  grapes  on  stalks,  and  often  hang  on  one  another 
(see  Fig.  34-3).  Thus  a  bulky  mass  is  formed  consisting  of  a  multitude 
of  these  berry-like  cysts.    When  the  altered  membranes  are  opened,  a 
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dead  and  blighted  foetus  is  revealed,  generally  in  an  earl}'^  stage  of  de- 
velopment. 


Fijr.  343.— Portion  of  a  hydatid  mole  showing  the  berry -like 
masses.   Natural  size.  (Vmcuow.) 

The  villi  of  the  chorion  are  branching  oftshoots  consisting  of  an  ex- 
ternal layer  of  epidermis,  and  an  internal  basis  of  mucous  tissue.  It  is 
by  increase  of  the  latter  that  the  cyst-like  bodies  are  formed.  In  an 
early  stage  of  development  the  villi  are  present  all  over  the  chorion, 
while  later  on  they  are  limited  to  a  certain  area  forming  the  foetal  part 
of  the  placenta.  If  the  disease  begins  early  the  hydatids  are  present  all 
over  the  chorion,  whereas  in  later  periods  they  occupy  only  the  placental 
surface. 

The  altered  chorionic  villi  adhere  to  the  wall  of  the  uterus,  and  some- 
times are  even  embedded  in  its  substance,  so  that  when  removed  the 
internal  surface  may  be  like  that  of  the  heart,  showing  prominent  trabe- 
culae.  There  may  even  be  a  destructive  encroachment  on  the  uterine 
wall. 
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The  hydatid  mole  grows  quickly,  so  that  the  enlargement  of  the 
uterus  goes  on  more  rapidly  than  in  a  normal  pregnancy.  The  mole  is 
detached  at  first  in  pieces,  along  with  haemorrhage,  and  even  when  the 
bulk  of  it  is  discharged,  it  may  be  so  mixed  with  blood  as  to  be  Avith 
difficulty  distinguished.  The  clear  grape-like  bodies  afford  the  means  of 
distinction. 

3.  Diseases  of  the  placenta. — The  placenta,  being  rapidly- formed 
and  being  composed  of  a  tissue  intended  for  temporary  purposes, 
is  specially  liable  to  various  degenerations  and  to  disorders  of  the 
circulation. 

Haemorrhage  occurs  in  the  placenta  not  infrequently,  producing 
localized  collections  of  blood,  the  condition  being  called  Apoplexy  of 
the  placenta.  The  placental  villi  will  be  embedded  in  the  coagulum  and 
somewhat  concealed. 

The  White  infarction  is  a  somewhat  frequent  lesion  in  the  placenta. 
It  is  found  in  cases  where  the  child  has  been  still-born,  and  it  imijlies 
grave  disturbance  of  the  circulation  in  the  placenta.  The  infarction 
forms  a  solid  Avhite  mass,  usually  Avedge-shaped,  and  generally  multiple. 
In  it  the  villi  are  dead,  and  fibrine  or  blood  lies  in  the  spaces.  The 
lesion  has  arisen  by  a  process  of  Coagulation-necrosis  like  the  pale  em- 
bolic infarctions  of  the  kidney  and  spleen. 

The  cause  of  this  localized  necrosis  is  not  clear.  There  is  probably 
an  arterial  obstruction,  which  Ackermann  has  ascribed  to  a  periarteritis 
nodosa.  According  to  Kustner  serious  nutritive  disturbances  dui'ing 
pregnancy  are  regularly  followed  by  the  formation  of  numerous  white 
infarctions  of  the  placenta. 

Inflammations  of  the  placenta  are  described  as  leading  to  fibrous 
thickenings.  The  inflammation  originates  in  the  decidua  and  extends 
to  the  placental  tissue. 

A  Periarteritis  nodosa  has  been  mentioned  above  as  having  to  do 
with  the  formation  of  the  Avhifce  infarctions.  It  appears  indeed  that 
these  infarctions  are  often  regarded  as  due  to  inflammations.  The  Avholc 
subject  is  in  need  of  further  elucidation. 

Syphilis  leads  in  the  placenta  to  ncAvformation  of  granvdation  tissue 
and  gummata,  causing  the  placenta  to  increase  in  bulk  and  AA^eight. 
From  the  pressure  of  the  new-formed  tissue  on  the  vessels,  there  is  apt 
to  be  degeneration  of  the  placental  structures. 

Retrograde  changes  are  frequent  in  the  placenta.  Fatty  degeneration 
and  calcareous  infiltration  occiu-  in  the  various  structxu'es.  The  placentii 
is  sometimes  speckled  all  over  Avith  small  Avhitish  spots,  Avhich  are  areas 
in  which  calcareous  deposition  has  occurred.  Along  with  this  the 
microscope  will  reveal  fatty  dcgenoi'ation. 
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Literature. — Spiegelberg,  Text-book  of  Midwifery  (Sycl.  Soc.  transL),  1887. 
Hydatid  mole — Virchow,  Gescliwiilste,  i.  409 ;  VouiMANN,  (Destructive  mole)  Virch. 
Arch.,  xli.;  J.uiotzky  and  Waldei'er,  (do.)  ibid.,  xliv.  Placenta — Maieb,  (Inflam- 
mations) Virch.  Arch.,  xiv.;  Ackebiunn,  ibid.,  xevi.;  Ktjstnek,  ibid.,  cvi.;  Virchow, 
(Syphilis)  Geschwiilste,  ii.  480;  Frankel,  TJeber  Placentalsyphilis,  1873. 

C. — The  Mammary  Gland. 

The  mammary  gland  is  very  frequently  the  seat  of  tumours.  It  is 
also  very  liable  to  inflammations,  especially  during  lactation. 

I.— malfoemations,  inflammations,  etc. 

1.  Malformations  of  the  breast.— One  '.  or  both  mammas  may  be 
absent.  It  is  more  frequent,  however,  to  have  supernumerary  breasts  or 
nipples,  sometimes  three,  four,  or  even  five,  instead  of  two.  The  super- 
numerary breasts  are  usually  situated  near  the  axillae,  or  under  the 
normal  ones.  But  there  are  cases  in  which  they  have  had  a  very 
abnormal  situation,  as  in  the  inguinal  region,  on  the  thigh,  or  even  on 
the  back.  They  are  usually  small  in  size,  but  in  some  cases  they  have 
produced  milk  during  lactation.  Supernumerary  breasts  are  more  fre- 
quent in  males  than  females,  and  they  occur  preponderatingly  on  the 
left  side.  The  occurrence  of  additional  mammae  is  not  altogether  ex- 
traordinary, considering  that  in  the  lower  animals  the  mammge  are 
usually  more  in  number  than  in  man. 

2.  Inflammation  of  the  mamma. — This  occurs  not  infrequently  about 
the  period  of  puberty  or  in  connection  with  menstruation,  but  in  the 
majority  of  cases  it  is  related  to  lactation.  In  connection  with  lactation, 
and  especially  at  its  commencement,  the  structures  in  the  mamma  are 
the  scat  of  very  active  processes ;  there  is  hyperaemia  and  an  active 
secretion  of  milk.  Under  these  circumstances  inflammation  is  more 
readily  induced  than  usual.  It  may  happen  that  contraction  of  the 
arteries  from  accidental  circumstances,  such  as  exposure  to  cold,  may 
induce  inflammation.  Even  a  general  irritation  of  the  vaso-motor 
centre,  when  the  skin  is  exposed  to  cold,  may,  by  reflex  action 
on  the  highly  excited  vascular  system  of  the  mamma  at  the  com- 
mencement of  lactation,  induce  inflammation.  Again,  disease  of  the 
nipples,  such  as  cracks  and  ulcers,  often  induce  inflammation  in  the 
breasts.  The  irritant  which  has  caused  the  lesion  in  the  nipple  may 
extend  along  the  tubes  and  cause  inflammation  in  the  mamma. 

The  inflammation  is  usually  an  acute  one,  and  is  accompanied  by 
exudation,  the  interstitial  tissue  being  packed  with  leucocytes  and 
the  breast  hardened.  This  hardening  is  often  local,  as  the  inflammation 
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is  usually  to  some  extent  limited  to  certain  parts  of  the  breast.  But 
very  often  the  exudation  of  leucocytes  goes  on  to  actual  suppuration 
and  the  formation  of  Abscess,  sometimes  with  .sloughing  of  the  tissue. 
The  abscess  so  formed  may  have  extensive  ramifications  in  the  mamma, 
especially  if  the  pus  does  not  get  vent  externally.  After  evacuation 
the  cavity  fills  with  granulation  cells,  and  finally  closes,  and  a  cicatrix 
is  formed. 

A  Chronic  inflammation  resulting,  after  the  usual  manner  of  inter- 
stitial inflammations,  in  induration  of  the  organ,  has  been  described,  but 
is  not  of  frequent  occurrence. 

3.  Hypertrophy  of  the  mamma. — In  some  cases  the  mammae  undergo 
a  progressive  enlargement  from  the  newformation  of  proper  mammary 
tissiie.  In  this  way  the  gland  may  come  to  weigh  as  much  as  thirteen 
pounds.  It  is.  to  be  remembered  that  a  simple  enlargement  of  the  fat 
around  the  mamma  {lipoma  capsulare)  may  imitate  hypertrophy,  which 
may  also  be  simulated  by  diff"use  tumours  of  the  gland.  1 

4.  Tuberculosis  of  the  mamma. — This,  although  probably  rather 
frequent,  has  only  recently  been  fully  recognized  although  scrofulous 
conditions  of  the  breast  have  been  long  known.  There  may  be  isolated 
caseous  masses  or  they  may  be  more  confluent.  The  caseous  matter 
undergoes  softening  and  opens  spontaneously  on  the  surface  or  is  punc- 
tured.   The  result  is  usually  the  establishment  of  a  fistulous  opening. 

The  tuberculosis  of  the  mamma  may  be  secondary  to  that  of  the  lungs 
•or  other  organs,  but  it  may  be  primary.  According  to  Verneuil  the 
baccilli  may  find  entrance  by  the  milk  ducts,  and  multiply  in  the 
glandular  structures. 

Tuberculosis  of  the  mamma  occurs  not  infrequently  in  cows  which  are  the  sub- 
jects of  tuberculosis  of  other  parts.  This  fact  is  of  importance  because  the  bacilli 
frequently  find  their  way  into  the  milk  in  such  cases. 

5.  Syphilis  of  the  mamma. — This  is  very  uncommon,  but  cases  of 
^umma  in  the  breast  have  been  recorded. 

II.— TUMOUES  OF  THE  MAMMA. 

The  female  breast  is  one  of  the  most  frequent  seats  of  tumours,  and 
they  present  considerable  variety  in  form. 

As  the  two  constituents  of  the  breast  are  the  proper  glandular 
structures  and  the  connective  tissue  stroma,  so  tumours  are  derived 
from  one  or  other  of  these,  and  belong  to  the  connective  tissue  or  epi- 
thelial forms.  But  the  connective  tissue  tumours  do  not  originate  in  a 
particular  small  piece  of  tissue,  and  grow  so  as  to  displace  the  remaining 
iStructures  ;  on  the  contrary,  they  usually  involve  a  considerable  portion 
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of  the  gland  and  sometimes  its  whole  extent.  Hence  they  enclose  more 
or  less  the  glandular  elements,  and  it  may  be  impossible  to  say  whether 
these  are  increased  so  as  to  form  an  integral  part  of  the  tumour.  More- 
over, these  glandular  elements  are  subject  to  great  alterations,  consist- 
ing of  contortions  and  dilatations,  which  also  give  their  character  to  the 
tumours,  producing  fissures  and  cysts  in  them.  Again,  the  tumour 
tissue  frequently  grows  into  the  cysts,  producing  the  so-called  intracystic 
growths,  which  sometimes  assume  a  papillomatous  character. 

It  will  be  inferred  that  the  distinction  between  connectiA'-e  tissue  and 
glandular  tumours  is  frequen  tly  difficult,  and  that  dilatation  of  the  gland 
structures,  implying,  as  it  does,  newformation  of  these,  gives  a  partly 
glandular  character  to  a  large  proportion  of  the  tumours. 

The  atypical  mammary  tumours  show  a  great  preponderance  in  fre- 
quency, especially  the  cancers.  According  to  statistics  collected  by  Gross, 
there  were  in  973  tumours,  832  cancers  (85-5  per  cent.),  77  sarcomas,  61 
fibromas,  3  adenomas,  and  22  cysts. 

Amongst  the  typical  tumours,  the  lipoma,  chondroma,  and  myoma  are 
excessively  rare,  and  require  little  notice. 

Lipoma  occurs  doubtfully  as  a  solid  tumour  in  the  midst  of  the  gland.  The  Lipoma 
capsulars  is  also  rare.  In  it  the  adipose  tissue  around  the  gland  undergoes  great 
increase,  while  the  gland  itself  atrophies.  Such  tumours  may  assume  enormous 
dimensions,  weighing  up  to  100  pounds. 

Chondroma  rarely  occurs  as  an  independent  tumour,  but  cartilage  is  sometimes 
found  in  sarcomas  and  cancers.  Bone  sometimes  exists  in  fibromas,  causing  a  partial 
conversion  of  them. 

Myoma  (leiomyoma)  sometimes  develops  in  connection  with  the  nipple.  Billroth 
observed  a  ease  in  which  striated  muscle  existed  in  an  adeno-sarcoma. 

1.  Adenoma  and  Fibroma.  Adeno-fibroma.— The  boundaries  between 
the  adenoma  and  fibroma  are  not  well-marked.  They  are  both  slow- 
growing,  non-malignant  tumours,  generally  of  hard  consistence,  distinctly 
encapsuled,  and  not  infrequently  multiple.  Many  tumours  which  are 
regarded  as  glandular  by  some  authors  are  described  as  fibromas  by 
others. 

The  Adenoma  is  a  purely  glandular  tumour.  It  occurs  either  in  the 
substance  of,  or  in  the  neighbourhood  of  the  gland.  It  has  a  fleshy  feel 
and  a  lobulated  outline.  On  section  it  is  white  in  colour  and  frequently 
shows  cysts  but  without  intracystic  growth. 

There  i.s  preserved  in  the  Museum  of  the  Western  Infirmary  a  glandular  tumour 
whose  situation  was  behind  the  gland,  which  had  to  be  cut  through  in  order  to 
remove  it.  The  tumour  was  almost  like  a  supernumerary  mamma,  and  had  to  the 
naked  eye  and  microscopically  very  much  the  structure  of  an  inactive  mannna  (see 
Pig.  344).  The  tumour  was  removed  from  a  young  lady  aged  21,  and  liad  been 
observed  for  two  years,  growing  latterly  more  rapidly. 
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Under  the  microscope  the  adenoma  presents  elongated  and  enlarged 
acini  and  ducts  (Fig.  344),  and  those  commonly  show  dilatation,  so  that 
cysts  arc  present  in  the  majority  of  cases. 


Pig.  Mi. — Section  of  an  adenoma  of  mamma.  Glandular  struc- 
tures of  well-formed  outline  are  shown  in  the  midst  of  fibrous 
tissue.    X  90. 

The  Fibroma  or  Adeno-flbroma  is  a  hard  fibrous  tumour,  generally 
with  a  lobulatcd  outline,  and  distinctly  encapsuled.  On  section  it  shows 
a  glistening,  fibrous  appearance,  but  this  is  rarely  homogeneous.  There 
are  usually,  even  to  the  naked  eye,  indications  of  the  presence  of  glandu- 
lar structures,  and  these  are  often  dilated  into  cysts.  The  whole  tumour 
may  be  a  congeries  of  cavities,  which  only  jDartly  contain  fluid,  but  are 
largely  filled  up  with  foliaceous  or  dendritic  structures  composed  of 
tumour  tissue  projecting  into  them. 

These  tumours  are  sometimes  the  seat  of  calcareous  deposition  and  of 
osseous  formation.  There  may  be  a  partial  myxomatous  transformation 
leading  in  this  way  to  cysts. 

Under  the  microscope  wavy  fibrous  tissue  predominates.  There  are 
also  glandular  structures  visible,  which  are  either  ill-developed  or  con- 
torted and  dilated  as  in  Fig.  346. 

2.  Myxoma. — In  this  rare  form  of  mammary  tumour,  the  mucous  tissue 
develops  from  the  stroma  of  the  gland,  and  it  may  involve  one  or  more 
lobules,  or  the  whole  gland,  which  is  then  converted  into  a  bulky  tumour. 
Sometimes  the  mucous  tissue  grows  into  the  milk  ducts,  forming  the 
Myxoma  intracanalkulare  arborescens  of  Virchow. 

The  tissue  may  be  pure  mucous  tissue,  but  it  is  subject  to  various 
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modifications.  It  may  be  unduly  cellular  so  as  to  approach  to  the  sar- 
coma, or  it  may  be  mixed  with  fat  or  fibrous  tissue.  It  also  contains 
glandular  tissue,  which  may  be  dilated  into  cysts. 

This  form  is  more  malignant  than  the  adeno-fibroma,  being  more  liable 
to  recur  after  removal. 

3.  Sarcoma.  Adeno-sarcoma.  Cysto-sarcoma.— The  two  last-men- 
tioned names  imply  that  the  glandular  structures  take  an  important 
part  in  giving  character  to  sarcomas  of  the  mamma,  although  here  it 
may  be  admitted  that  the  connective  tissue  structures  are  those  essentially 
engaged. 

The  line  of  demarcation  between  the  sarcoma  and  the  fibroma  is  not 
absolutely  distinct,  and  there  seems  no  doubt  that  the  latter  may  de- 
velop into  the  former  by  an  atypical  process  of  growth  supervening. 

The  spindle-celled  sarcoma  is  the  commonest  form.  The  cells  are 
usually  small  and  there  may  be  a  considerable  amount  of  fibrous  inter- 
cellular substance.  The  tumour  is  usually  hard  and  variously  modi- 
fied by  the  presence  of  gland  tissue.  The  round-celled  sarcoma  is 
unusual,  and  generally  forms  a  soft  tumour.  The  cells  may  be  small  so 
as  to  be  like  lymphoid  cells,  or  larger.  The  giant-celled  sarcoma  is  very 
rare;  there  are  smaller  cells  and  gigantic  ones.  The  pigmented  sar- 
coma is  also  rare;  the  cells  are  usually  round,  but  sometimes  spindle- 
shaped. 


Fig.  345.— .Section  of  an  arleno-sarcdni.i  of  tlio  mamma.  Glandular 
structuros  aru  shown  with  K[)iiidle-collod  tis.quo  between,    x  90. 


The  sarcoma  is  generally  solitary.  It  may  be  distinctly  demarcated, 
occupying  a  small  part  of  the  breast,  but  it  not  infrequently  extends  so 
as  to  involve  the  Avhole  mamma.  It  may  grow  slowly,  but  is  apt,  after 
a  period  of  slow  growth,  suddenly  to  enlarge  rapidl3^ 
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The  Adeno-sarcoma  is  a  tumour  in  which  the  glandular  structures  are 
specially  abundant.  It  is  usually  a  small,  comparatively  isolated  tumour, 
somewhat  resembling  the  adcno-fibroma,  and,  like  this  tumour,  it  is 
not  infrequently  multiple.  Under  the  microscope  it  usually  shows 
abundant  glandular  structures  somewhat  contorted,  with  a  spindle- 
celled  tissue  between  (Fig.  345). 

The  Cysto-sarcoma  shows  many  gradations.  There  may  be  such 
simj)le  dilatations  as  those  indicated  in  Fig.  346,  or  there  may  be  large 
cavities.  Great  complication  is  sometimes  produced  by  intracystic 
growth  of  the  sarcomatous  tissue,  as  in  the  cystic-fibroma. 


Fig.  346.  — Semidiagraraniatic  view  of  dilated  glandular  spaces  in  a  cysto-sarcoma  of  the 
-mamma.  The  spaces  are  lined  with  cyliudrieal  epithelium.  The  tendency  to  intra-cystic 
growth  is  shown,  especially  in  the  upper  one.  These  were  di-awn  under  the  camera  lucida 
so  that  the  outlines  are  correct,    x  02. 


Besides  these  variations  due  to  the  mixture  with  glandular  tissue,  the 
sarcoma  is  subject  to  other  modifications.  It  may  contain  Cartilage,  as 
in  the  case  from  which  Fig.  347  was  taken.  In  this  case  the  tumour 
contained  well-formed  fibrous  tissue  and  cartilage,  but  also,  apparently 
as  a  more  recent  development,  spindle-celled  tissue,  and  a  tissue  consist- 
ing of  closely  aggregated  cartilage  cells  -\vith  little  hyaline  matrix.  Bone 
also  occurs  occasionally. 

Mucous  transformation  sometimes  occurs,  and  cysts  may  arise  in  this 
Avay.  There  is  also  fatty  degeneration,  calcareous  infiltration,  and 
hc-emorrhage,  especially  in  the  quickly  growing  and  softer  forms. 

Sarcomas  are  very  malignant.    On  removal  they  are  even  more  apt 
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to  return  than  cancers,  and  they  also  tend  by  metastasis  to  give  rise  to 
secondary  tumours  in  internal  organs,  the  metastasis  occurring  by  the 
blood. 


Fijf.  347.— Section  of  c.irtilaginous  part  of  a  tumour  of  mamma 
which  contained  besides  spindle-celled  and  fibrous  tissue,    x  200. 


4.  Cancer  of  the  mamma.— According  to  what  has  been  stated  in  the 
general  section  of  this  work,  we  have,  in  cancer,  an  aberrant  growth  of 
epithelium  as  the  foundation  process.  In  the  more  ordinary  cancers  of 
the  breast  the  process  begins  in  the  glandular  acini.  At  the  growing 
margin  of  the  tumour  the  epithelium  of  the  acini  is  seen  to  be  -pvo- 
liferating,  so  that  the  acini  are  distended  and  enlarged.  Along  with 
the  newformation  of  epithelium  in  the  acini  there  is  a  formation  of 
round  cells  in  the  connective  tissue  around.  The  epithelium  of  the 
acini  next  grows  through  the  basement  membrane,  forming  penetrating 
processes,  and  the  round  cells  develop  connective  tissue  which  fre- 
quently causes  great  contraction  of  the  tumour  (Scirrhus).  It  is  as  if 
the  epithelium,  growing  outwards,  acted  as  an  irritant,  causing  inflam- 
matory newformation  in  the  interstitial  tissue  of  the  gland.  Where  the 
case  is  very  chronic  the  connective-tissue  formation  may  be  very  joro- 
nounced,  but  when  more  acute  the  epithelial  elements  preponderate. 
Cancers  which  thus  take  origin  in  the  glandular  acini  may  be  called 
Parenchymatous  cancers. 

But  cancers  may  take  origin  rather  in  the  ducts  of  the  gland,  forming 
a  class  called  Duct  cancers  (Thin).  These  begin  in  the  large  ducts  in 
or  near  the  nipple.  The  growing  epithelium  distends  the  ducts,  form- 
ing cavities  which  are  sometimes  lined  with  cylindrical  epithelium,  with 
more  irregular  epithelium  inside.  This  process  in  the  ducts  is  also 
associated  with  irritation  of  the  surrounding  connective  tissue,  so  that 
there  are  round  cells  and  new-formed  connective  tissue.  The  special 
characters  of  duct  cancer  are  usually  most  manifest  in  the  parts  near 
■the  nipple,  where  it  generally  begins.  But  the  cancer  extends  into  the 
substance  of  the  gland,  where  the  appearances  are  more  like  those  of 
the  other  form. 
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Duct  cancer  is  sometimes  associated  with  the  condition  known  as 
Paget's  disease  or  Eczema  of  the  nipple.  Eczema,  as  indicated  in  the 
section  on  Diseases  of  the  Skin,  is  an  inflammation  of  the  skin,  in  which 
both  the  epidermis  and  the  superficial  layers  of  the  cutis  are  engaged. 
In  the  case  of  duct  cancer  the  cancerous  affection  of  the  ducts,  which  is 
the  primary  lesion,  induces  an  inflammation  of  the  skin  of  the  nipple 
and  parts  around,  characterized  by  the  usual  formation  of  round-cell 
tissue.  The  superficial  or  papillary  region  of  the  skin  may  then  be  re- 
placed almost  entirely  by  round  cells  with  nests  of  epithelium  in  their 
midst,  and  the  condition  is  somewhat  like  that  of  a  granulating  wound. 
The  epithelium  of  the  surface  takes  little  part  in  the  process,  and  it  may 
be  lost,  so  that  the  granulation  tissue  is  exposed.  As  the  cancerous 
process  begins  commonly  in  the  nipple,  this  condition  of  eczema  may  be 
a  very  early  one,  and  may  precede,  it  may  be  for  many  months,  the 
actual  appearance  of  a  tumour  in  the  mamma. 

It  has  been  supposed  that  a  primary  eczema  of  the  nipple  may  be  the  starting 
point  of  a  cancer  of  the  breast,  but  the  observations  of  Thin  show  that  the  affection 
of  the  ducts  is  primary,  although  the  occurrence  of  eczema  may  afford  the  earliest 
visible  indication  of  the  existence  of  the  process.  It  is  to  be  remembered  also  that 
a  simple  eczema  may  occur  in  the  nipple,  due  to  an  ordinary  irritant,  and  without 
any  cancerous  tendency. 

In  its  atypical  growth  the  glandular  epithelium  sends  its  pro- 
cesses into  the  Lymphatic  spaces  of  the  connective  tissue.  There  is 
commonly  a  further  extension  to  the  lymphatics  outside  the  gland. 
These  are  sometimes  seen  distended  by  cancerous  growth,  but  even 
without  this  obvious  involvement  the  infection  has  often  spread  to  the 
axillary  glands.  These  may  be  but  slightly  enlarged  and  yet  the  scat 
of  distinct  cancerous  newformation. 

Forms  of  cancer  of  the  mamma. — The  various  forms  are  not 
absolutely  separable  one  from  the  other.  They  all  originate  in  the 
glandular  structures,  and  they  are  distinguishable  chiefly  by  variations 
in  the  proportion  of  cells  and  stroma,  and  also  by  the  transformations 
of  these. 

(a)  Fibrous  cancer.  Scirrhus. — This  is  the  commonest  forna,  consti- 
tuting about  95-5  per  cent,  of  the  cases  (Gross).  The  epithelial  masses  form 
elongated  processes  (Fig.  348)  in  the  midst  of  an  excessive  stroma  in 
which  round  cells  are  frequent.  The  epithelial  cells  are  often  atrophied 
so  that  in  some  parts  of  the  tumour  there  is  little  beyond  dense  connec- 
tive tissue.  The  cancer  commonly  fonns  rather  a  limited  infiltration  of 
a  part  of  the  gland  than  a  proper  tumour,  and  as  the  tissue  contracts 
there  is  commonly  an  actual  dimiimtion  of  bulk  with  great  induration. 
The  gland  is  distorted  and  puckered  towards  the  aifected  part. 
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Very  often  the  disease  is  continuous  with  the  nipple,  and  by  the 
dragging  of  the  tissue  the  nipple  is  drawn  in,  sometimes  even  forming 
an  umbilicated  depression.  The  tumour  is  very  irregular  in  its  exten- 
sion in  the  gland,  and  it  A^ery  often  happens  that  in  the  midst  of  hard 
scirrhous  tissue  some  Adipose  tissue  appears.  In  like  manner  pieces  of 
the  gland-tissue  may  crop  up  amidst  the  contracting  tumour. 


Fiff.  34S.— .Section  of  cancer  of  mamma  from  a  recent  nodule.  Epithelial  cells  in 
spaces  formed  hy  eounoctlve  tissue  ;  these  are  sometimes  in  single  i-ows,  and  by  multi- 
plication form  larger  masses,    x  200.    (Cornil  and  Eanvier.) 

The  skin  is  frequently  involved  in  the  cancer,  and  it  may  be  the  seat 
of  somewhat  extensive  growth.  Ulceration  often  occurs,  generally 
beginning  about  the  site  of  the  nipple  and  areola.  The  ulcer  is  crater- 
shaped  with  dense  prominent  walls.  Sometimes  after  formation  of  the 
ulcer  the  growth  of  the  cancer  becomes  more  rapid. 

When  the  mamma  is  cut  into  either  the  whole  gland  or  a  portion  of 
It  is  seen  to  be  occupied  by  a  dense  mass  of  a  greyish  colour  on  the  cut 
surface.  It  is  very  hard  to  cut,  and  the  cut  surface  is  commonly  con- 
cave, the  elasticity  of  the  dense  connective  tissue  producing  retraction. 
In  the  general  grey  basis  there  are  various  whitish  or  yellowish  pieces 
which  represent  the  remains  of  mammary  or  adipose  tissue,  or  the  can- 
cerous epithelium  in  a  state  of  fatty  degeneration.    If  the  cut  surfiice 


902 


FEMALE  GENERATIVE  ORGANS. 


be  scraped  a  thickish  juice  is  obtained,  which  microscopic  examination 

shows  to  be  composed  of 
epithelial  cells  and  their  de- 
bris. Many  of  the  cells  are 
large  and  well-formed  though 
variously  shaped,  while  some 
may  contain  secondary  cells 
within  them  or  double  nuclei 
(see  Fig.  349).  There  are 
also  free  nuclei  which  have 
escaped  from  cells  as  a  result 

Fig.  349.— Cells  in  the  juice  scraped  from  a  scin-lius  of  the  mechanical  intcrfcr- 
of  iiiamma.   They  are  of  very  irregular  shape.    Most  of  .      ,  n 

them  contain  several  nuclei  and  some  daughter  cells,  ence  111  une  prOCeSS  01  pre- 

paring  the  specimen.  ]\Iany 
of  the  cells  present  fatty  degeneration  ;  in  fact,  very  often  nearly  all 
contain  fatty  granules,  and  there  are  some  completely  degenerated, 
showing  nothing  but  an  aggregation  of  fat  drops  like  the  compound 
granular  corpuscle. 

The  secondary  tumours  in  the  lymphatic  glands  also  show  an  exces- 
sive development  of  fibrous  stroma,  which,  however,  usixally  forms  a 
more  distinct  meshwork  than  that  in  the  mamma,  Avhile  the  epithelial 
cells  form  more  definite  groups. 

The  contraction  and  induration  of  the  cancer  are  so  great  in  some  cases  as  to  cause 
a  great  reduction  in  bulk  of  the  mamma  as  a  whole.  This  has  induced  some 
authors  to  distinguish  a  varie^y  under  the  name  of  Atrophying  cancer. 

(b)  Soft  or  Acute  cancer. — This  forms  the  opposite  extreme  to  scir- 
rhus,  and  there  are  all  intervening  grades.  In  the  soft  cancer  we 
have  a  bulky  tumour  of  soft  consistence  and  rapid  growth.  There  is  a 
well-formed  alveolar  stroma,  and  the  cells  are  somewhat  loosely  con- 
tained in  it.  The  tumour  involves  neighbouring  tissues,  very  readily 
infiltrating  the  skin,  subjacent  muscle,  and  even  the  osseous  ribs  and 
the  pleura.  This  form  is  not  uncommonly  present  simultaneously  in 
both  breasts.  On  section  the  tumour  presents  a  grey  brain-like  appear- 
ance. The  juice  furnishes  numerous  cells,  with  prominent  oval  nuclei, 
also  abundant  free  nuclei  which  have  escaped  from  the  delicate  cells. 
As  the  tumour  commonly  extends  to  the  skin,  we  may  have  ulcers  with 
fungating  prominence  of  the  tissue.  The  lymphatic  glands  are  early 
affected,  and  they  also  may  ulcerate. 

Many  large  tumours  of  the  mamma  of  comparatively  rapid  growth  do  not  corre- 
spond with  the  description  either  of  the  medullary  cancer  or  of  ssirrhus.  In  their 
minute  structure  they  are  more  like  scirrhus;  and  perhaps  may  be  designated 
Acute  scirrhus.    They  have  a  remarkably  firm  fibrous  stroma,  but  it  forms  distinct 
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meshes  in  which  the  epithelial  masses  are  contained  with  considerable  regularity. 
The  cancer  cells  are  also  large  and  essentially  like  those  in  scirrhus.  The  tumour 
as  a  whole  also  is  hard,  this  depending  on  the  abundance  and  density  of  the 
stroma. 

(c)  Colloid  cancer.— As  compared  with  scirrhus,  this  is  a  rare  form 
of  tumour,  constituting  about  1-34  per  cent,  of  the  total  cases.  The 
colloid  degeneration  may  affect  the  cells  of  an  ordinary  cancer,  pro- 
ducing a  partial  metamorphosis..  In  true  colloid  cancer,  however,  the 
tissue  as  a  whole  presents,  from  the  first,  a  tendency  to  colloid  degener- 
ation. The  entire  mamma  is  commonly  affected,  and  it  is  greatly 
enlarged,  while  it  presents  a  hard  feeling  like  that  of  acute  scirrhus. 
On  section  the  tumour  has  a  flickering  gelatinous  appearance.  Under 
the  microscope  there  is  the  usual  pronounced  stroma  with  colloid 
material  in  the  meshes.  In  the  midst  of  the  colloid  masses  there  are 
often  seen  groups  of  cells,  the  remains  of  the  epithelium. 

A  very  infrequent  variety  is  sometimes  described  under  the  designation  Mucous 
cancer.  It  forms  a  large  gelatinous  tumour  which,  on  microscopic  examination, 
shows  epithelial  masses  embedded  in  a  gelatinous  flickering  stroma. 

Cysts  are  not  of  frequent  occurrence  in  cancers,  but  in  some  cases  it  is  reported 
that  cystic  formation  is  so  characteristic  as  to  induce  observers  to  use  the  name 
Cystic  cancer. 

5.  Cysts  of  the  mamma. — It  has  been  already  pointed  out  that  cysts 
frequently  complicate  other  tumoiirs,  especially  adeno-fibromas  or  sar- 
comas, but  sometimes  cancers.  Cysts  also  occur  independently,  and 
they  too,  most  frequently  originate  from  the  gland  structures. 

Most  cysts  of  the  mamma  belong  to  the  group  of  Retention  cysts, 
arising  in  consequence  of  obstruction  of  the  ducts.  The  cause  of  obstruc- 
tion is  sometimes  an  interstitial  inflammation,  and  in  that  case  the  cysts 
will  usually  be  small  and  multiple,  just  as  they  are  in  the  kidneys  in  in- 
terstitial nephritis.  In  other  cases  the  cause  is  obscure,  and  as  the 
cysts  may  assume  a  large  size  the  origin  is  perhaps  embryonic. 

(1)  Multiple  cysts  in  old  people  {Involution  cysts)  occur  in  connec- 
tion with  involution  of  the  gland.  The  cysts  are  usually  small,  about 
the  size  of  small  shot  or  hemp-seed,  but  may  be  larger.  When  un- 
opened they  have  a  greenish  or  blackish  appearance,  and  they  contain  a 
glairy  fluid  in  which  fat  and  epithelial  cells  are  present. 

On  microscopic  examination  there  are  signs  of  irritation  visible  around 
the  ducts  in  the  form  of  round  cells,  and  it  is  probably  from  con- 
traction of  new-formed  connective  tissue  that  the  cysts  form. 

(2)  Simple  cysts  may  grow  to  a  large  size,  forming  tense  thin-walled 
sacs.  They  are  usually  single,  but  if  of  small  size  they  may  be 
multiple.  Their  contents  vary  considerably,  being  usually  serous  oi' 
sero-sanguineous,  but  sometimes  they  are  deep  brown  in  colour  and 
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contain  fat  and  cholestearine.  In  some  cases  they  contain  milky  fluid 
in  which  case  they  would  be  called  gallactoceles. 

(3)  Gallactoceles  or  lacteal  cysts  arise  usually  when  the  gland  is 
active.  They  are  found  chiefly  in  the  neighbourhood  of  the  nipple, 
arising  by  dilatation  of  the  larger  ducts.  They  contain  milk,  usually 
like  ordinary  milk,  but  sometimes  altered  so  as  to  resemljle  cream  or 
thickish  oil,  or  curd,  or  butter.  These  cysts  are  usually  solitary  and  are 
very  rare. 

(4)  Connective  tissue  cysts  have  been  recently  described  and  are  sup- 
posed to  be  of  lymphatic  origin.  They  have  thick  walls  and  the  con- 
nective tissue  may  be  indurated  around  them.  Hence  they  resemble 
scirrhus  in  their  clinical  aspects.  The  internal  surface  is  lined  with  a 
flat  endothelium.    The  cysts  are  single  or  multiple. 

Parasites  in  the  mamma. — The  only  parasite  of  any  consequence  is 
the  Echinococcus  which  forms  hydatid  cysts.  These  may  be  "with 
difficulty  disci-iminated  from  simple  cysts,  and  as  there  is  sometimes 
considerable  induration  around  them,  they  may  also  be  mistaken  for 
cancers. 

The  Cysticercus  cellulossB  has  also  been  observed  in  the  mamma 
(Guermonprez). 
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Subsection  II.— DISEASES  OF  THE  MALE  GENEEATIVE 

ORGANS. 

A. — The  Testicle  and  Tunica  Vaginalis. 
1.  Malformations  and  Misplacements  of  the  testicle.— The  testicle 
may  be  absent  on  one  or  both  sides,  while  the  vesiculse  seminales  and 
vasa  deferentia  are  perfect.    Or  the  vas  deferens  may  be  deficient  while 
the  testis  is  well  developed. 

Imperfect  descent  of  the  testis,  or  Cryptorchismus,  is  a  very 
frequent  and  important  condition.  The  descent  of  the  testis  occurs 
normally  before  birth,  but  in  a  considerable  number  of  cases  the  organ 
has  not  yet  appeared  externally  at  birth.  In  the  majority  of  such  cases 
it  comes  down  within  the  first  week,  but  it  is  sometimes  delayed 
for  months  or  a  year,  or  even  till  puberty.  When  thus  delayed  the 
descent  is  very  often  imperfect,  so  that  the  gland  remains  in  the 
inguinal  canal  or  at  the  ring.  On  the  other  hand,  the  testis  may  be 
retained  throughout  life  in  the  abdomen.  The  testicle  retained  in  the 
abdomen  or  on  the  way  down  is  usually  imperfectly  developed,  and 
although  apparently  of  normal  size,  it  does  not  generally  contain 
spermatozoa  in  its  tubules.  It  is  also  more  prone  to  inflammation  and 
to  the  formation  of  tumours  than  the  normally  placed  testis,  especially 
when  retained  in  the  inguinal  canal  where  it  is  exposed  to  external 
violence.  When  it  is  late  of  descending  the  accompanying  pouch  of 
peritoneum,  which  forms  the  tunica  vaginalis,  is  apt  to  remain  open  and 
so  to  induce  a  Congenital  hernia. 

Besides  these  congenital  misplacements,  we  may  have  the  testis 
descending  into  the  crural  canal,  or  into  the  perineum. 

2.  Inflammation  of  the  testicle.— This  condition  presents  itself 
under  a  considerable  variety  of  forms,  certain  of  which  are  difficult 
altogether  to  separate  from  syphilis  and  tuberculosis.  It  is  to  be 
remembered  that  the  testicle  is  bounded  externally  by  a  dense  fibrous 
capsule,  the  tunica  albuginea,  and  that  the  products  of  inflammation  are 
apt  to  be  closely  confined  within  this. 

Acute  orchitis  is  mostly  secondary,  although  occasionally  I'csulting 
from  a  blow  or  other  injury.    It  occurs  as  a  secondary  result  in 

;  gonorrhcea,  the  specific  irritant  being  apparently  propagated  along  the 
vas  deferens  ;  also  in  cases  of  irritation  of  the  urethra  by  calculi,  the 

I  passage  of  instruments,  etc.,  the  inflammation  in  such  cases  being  called 
sympathetic,  and  probably  brought  about  by  reflex  irritation  of  the 

'  vaso-niotor  centres.    In  mumps  there  is  also,  in  a  certain  proportion  of 
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cases,  orchitis  as  a  secondary  result,  the  specific  irritant  attacking  the 
testicle  as  well  as  the  parotid  gland. 

The  inflammation  very  often  begins  in  the  ei^ididymis,  and  may 
remain  confined  to  that  region  or  pass  on  to  the  testis.  There  is 
hypertemia  and  serous  exudation  producing  great  swelling,  so  that  the 
tunica  albuginea  is  tightly  stretched,  and  the  organ  feels  hard  and  tense. 
At  the  same  time  there  is  often  serous  fluid  in  the  tunica  vaginalis. 
There  maybe  resolution  without  suppuration,  the  testis  returning  to  the 
normal  condition,  or  the  disease  may  become  chronic,  or  suppuration 
may  occur.  In  the  latter  case  an  abscess  or  abscesses  form  in  the 
testicle,  and  these  may  burst  externally.  In  that  case  the  tense  albu- 
ginea often  forces  the  tissue  of  the  testicle  through  the  opening  so  that 
it  projects  in  a  fungating  form.  This,  which  forms  the  Benign  fungus, 
and  is  not  to  be  mistaken  for  cancer,  has  a  red  colour  and  looks  like 
protruding  granulations.  But  it  really  contains  the  seminal  tubules, 
and  after  the  subsidence  of  the  inflammation  these  may  be  replaced  and 
resume  their  function.  On  the  other  hand,  the  abscess  may  dry-in  and 
form  a  caseous  mass,  which  becomes  surrounded  by  a  fibrous  capsule. 
This  mass  may  ultimately  become  calcareous. 

Chronic  orchitis  may  arise  out  of  an  acute  attack,  remaining  after 
the  formation  of  abscess,  or  else  supervening  without  that.  There 
is  also  a  spontaneous  chronic  orchitis  which  in  most  cases  is  either 
syphilitic  or  tubercular.  The  ordinary  chronic  orchitis  is  characterized 
by  newformation  of  connective  tissue  in  the  stroma  of  the  organ,  and 
consequent  induration  of  it.  The  tubules  atrophy  and  the  whole  organ 
is  reduced  in  bulk  and  hardened.  Generally  on  section  it  can  be  seen 
that  the  albuginea  and  the  septa,  which  proceed  towards  the  mediastinum, 
are  greatly  thickened.  At  the  same  time  there  is  frequently  adhesion 
of  the  tunica  vaginalis  which  may  obliterate  the  sac. 

3.  Syphilitic  disease  of  the  testicle. — This  sometimes  occurs  as  a 
general  induration,  having  the  usual  characters  of  chronic  orchitis. 
The  albuginea  is  thickened  and  the  trabecul*.  are  enlarged  as  they 
converge  towards  the  mediastinum.  These  thickened  structures  may 
be  largely  composed  of  granulation  tissue,  and  we  may  have  in  addition 
definite  gummata.  The  gummata  may  undergo  caseous  necrosis,  and 
by  coalescence  of  neighbouring  tumours  Ave  may  have  considerable 
masses  of  caseous  material.  In  the  midst  of  this  caseous  material  the 
outlines  of  the  seminal  tubules  can  sometimes  be  made  out,  indicating 
that  the  necrosis  has  overtaken  the  proper  tissue  as  well  as  the  new- 
formed. 

4.  Tuberculosis  of  the  testicle.— Tuberculosis  is  characterized  by  the 
formation  of  caseous  masses,  sometimes  of  considerable  size,  and  these 
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are  siirroiindecl  by  a  gi'ey  inflammatory  tissue  in  which  tubercles  are  to 
be  found.  The  tuberculosis  usually  extends  by  the  vas  deferens  to  the 
prostate  gland  and  vesiculee  seminales,  and  it  may  pass  on  to  the  bladder 
and  kidney  (see  p.  839).  There  is  also,  not  infrequently,  tuberculosis 
elsewhere,  in  the  lymphatic  glands  or  lungs. 

As  a  general  rule  the  tuberculosis  begins  in  the  epididymis,  mostly 
in  its  tubules.  The  result  is  great  thickening  and  the  formation  of  a 
caseous  mass,  enclosed  very  often  in  a  firm  fibrous  capsule.  Thus  a  firm 
elongated  tumo^^^  may  form  behind  and  partly  surround  the  testicle 
{see  Fig.  350).  In  the  testicle  also 
caseous  masses  form,  at  first  isolated, 
but  afterwards  running  together  in- 
to considerable  conglomerates.  The 
caseous  masses  are  very  dense,  but 
after  a  time  they  generally  break  down, 
and  having  burst  externally,  tedious 
fistulse  are  the  consequence. 

AVhen  the  testicle  is  examined  in 
section  the  caseous  structure  is  seen 
to  be  surrounded  by  a  transparent 
grey  tissue,  in  which,  as  already  men- 
tioned, tubercles  are  present.  This 
inflammatory  and  tubercular  struc- 
ture by  its  pressure  destroys  the 
tubules  for  the  most  part,  and  bits 
of  necrosed   tubules   are  sometimes 


350.— Tuberculosis  of  testicle.  The 
tsnftPTipH  epididymis  is  greatly  enlarged  and  partly 
ouiLciicu  surrounds  the  testicle. 


expelled    along    with  •  the 
caseous  material. 

5.  Tumours  of  the  testicle.- — These  are  mostly  somewhat  malignant  in 
their  characters,  and  there  is  a  peculiar  tendency  to  a  mixed  structure. 

Cystic  tumours. — The  cystic  tumours  of  the  testicle  show  consider- 
able analogies  with  those  of  the  mamma  and  are  capable  of  a  somewhat 
similar  division.  The  cysts  in  all  cases  originate  in  gland  tissue  which 
is  believed  by  some  to  be  the  regular  seminal  tubules,  but  according  to 
Eve,  is  rather  the  rudiments  of  the  Wolflian  body  which  are  retained  at 
the  hilum  of  the  testis,  as  similar  remains  exist  at  the  hilum  of  the  ovary 
(see  p.  881).  The  tumours  originate  chiefly  at  the  hilum  and  the  tissue 
of  the  testis  may  be  spread  over  them. 

The  tumours  may  be  of  considerable  size,  and  present  cysts  of  various 
shapes  and  sizes.  The  cysts  arc  usually  lined  with  cylindrical  epithcr 
lium  which  is  sometimes  ciliated.  The  epithelium  sometimes  has  the 
characteristic  goblet  form,  such  as  that  in  colloid  ovarian  cystoma. 
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The  stroma  varies  greatly  in  structure.  It  may  be  fibrous,  in  which 
case  the  tumour  may  be  called^an  Adeno-fibroma  or  a  Cystic  fibroma, 
or  it  may  be  sarcomatous,  in  which  case  the  term  Adeno-sarcoma  or 
Cystic  sarcoma  is  used.  In  some  cases  it  has  the  structure  of  mucous 
tissue,  hence  Cystic  myxoma.  It  is  not  uncommon  to  find  pieces  of 
cartilage  in  the  stroma,  and  jjieces  of  striated  and  of  smooth  muscle 
have  been  found. 

Dermoid  cysts  are  also  met  with  having  a  complex  structure  like  those 
of  the  ovary  and  containing  hairs  and  sebaceous  matter. 

The  spermatocele  is  also  properly  a  cyst  of  the  testicle,  but  it  is  con- 
sidered below  along  with  hydrocele. 

Sarcomas  occur  frequently  mixed  with  tissue  of  other  tumours,  as 
the  myxoma,  enchondroma,  etc.  Even  when  the  tumour  is  a  pure  sar- 
coma there  may  be  combined  the  structures  of  various  forms  of  this 
tumour,  spindle  cells,  round  cells,  and  mucous  tissue.  There  may,  how- 
ever, be  a  simple  round-celled  sarcoma.  The  sarcomas  generally  form 
largo  tumours  of  soft  consistence  and  rapid  growth,  and  usually  originate 
in  the  substance  of  the  testicle.  Tliey  occur  in  comparatively  young 
persons,  and  are  prone  to  metastasis,  the  secondary  tumours  occurring 
mainly  in  the  lungs. 

Cancer  of  the  testicle  connects  itself  with  the  cystic  and  adenoid 
sarcomas.  It  appears  that  not  infrequently  the  glandular  tissue  in  these 
tumours  has  more  of  the  irregular  atypic  cancerous  character  than  of  the 
strictly  glandular,  and  in  particular  the  epithelial  masses  do  not  possess 
a  membrana  propria.  These  characters  are  also  expressed  in  the  fact 
that  sometimes  these  tumours  extend  to  the  neighbouring  13'^mphatic 
glands,  while  others  penetrate  more  readily  into  the  veins. 

Proper  cancer  of  the  testis  is  mostly  a  large  quickly  grooving  soft 
tumour — Medullary  cancer.  It  involves  the  whole  organ  as  well  as  the 
epididymis,  converting  them  together  into  a  massive  tumour.  It  may 
also  extend  along  the  vas  deferens,  and  on  to  the  lymphatic  glands, 
inguinal,  lumbar,  and  pre-vertebral.  From  these  glands  it  may  extend 
to  the  radicles  of  the  portal  vein  and  so  produce  tumours  in  the  liver, 
or  more  frequently  to  the  radicles  of  the  vena  cava,  producing  tumours 
in  the  lixngs.  In  the  midst  of  the  tumour  we  may  have  cysts  formed 
by  mucous  or  fatty  degeneration. 

The  cancerous  tissue  is  derived  from  the  epithelium  of  the  seminal 
tubules,  and  the  stroma  from  the  interstitial  tissue.  It  is  necessary, 
however,  to  mention  that  tumours  may  arise  in  connection  with  the 
blood-vessels  which  have  a  resemblance  in  their  structure  to  cancers, 
but  which  are  properly  plexiform  angio-sarcomas. 

Enchondroma  is  not  infrequent  in  the  testicle.    It  is  usually  mixed 
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-with  other  forms,  as  mentioned  above,  but  it  may  occur  pure.  As  the 
tissue  here  is  heterologous  it  often  shows  malignancy.  Thus,  it  has 
been  found  growing  into  the  lymphatics  and  blood-vessels  around,  and 
it  forms  secondary  tumours  in  the  lungs.  For  the  rest,  the  occasional 
occurrence  of  fibromas,  lipomas,  myomas  of  the  striated  variety,  and  even 
osteomas,  has  been  observed. 

6.  Hydrocele.— By  this  name  is  meant  the  accumulation  of  fluid  in 
the  tunica  vaginalis.  The  fluid  is  serous  and  the  cause  of  its  accumula- 
tion is  inflammation.  It  is  not  properly  a  dropsy  of  the  tunica ;  a 
general  dropsy,  affecting  the  skin  of  the  scrotum  very  greatly,  causes 
little  fluid  to  accumulate  in  the  tunica  vaginalis.  The  inflammation  may 
be  acute,  in  which  case  there  is  fibrine  deposited  on  the  surface  as  well 
as  serous  fluid  in  the  sac.  More  commonly  it  is  chronic,  and  there  is  a 
gradual  accumulation  of  serum. 

The  fluid  distends  the  sac,  and  so  a  bulky  tumour  is  formed  which  is 
pear-shaped  with  its  blunt  end  downwards.  The  fluid  is  usually  a  clear 
serum,  but  sometimes  it  is  slightly  opalescent.  In  the  true  hydrocele 
this  is  not  from  the  presence  of  spermatozoa,  but  from  the  existence  of 
fine  fat  drops,  resulting  from  degeneration  of  the  leucocytes  floating  in 
the  fluid.  There  may  even  be  cholestearine  crystals  formed  in  this 
way. 

Not  infrequently  haemorrhage  occurs,  most  commonly  as  the  result 
of  a  blow  or  other  injury,  and  the  hydrocele  becomes  a  HaBmatocele. 
The  blood  mostly  coagidates,  and  the  coagulum  through  time  undergoes 
various  changes,  softening  into  a  brown  pultaceous  material  or  inti)  a 
brown  turbid  fluid,  in  which  are  enormous  numbers  of  cholestearine 
crystals.  The  blood  seems  to  act  as  an  irritant  to  the  tunica  vaginalis, 
causing  often  a  very  great  thickening  of  it.  The  interior  also  is  rough 
and  sometimes  presents  considerable  projections.  The  thickened  cyst 
may  contract  somewhat  so  that  the  tumour  is  reduced  in  size.  This 
thickening  of  the  wall,  even  when  the  contents  are  fluid,  may  cause  the 
hsematocele  to  be  mistaken  for  a  solid  tumour,  and  castration  has  often 
been  perfomied  under  this  belief. 

A  hydrocele  or  hsematocele  may  be  cured  by  the  fluid  being  absorbed, 
the  result  usually  being  adhesion  of  the  opposed  surfaces  of  the  tunica 
vaginalis  and  obliteration  of  the  sac. 

In  the  condition  named  Congenital  hydrocele  tlie  tunica  vaginalis 
retains  its  communication  with  the  peritoneal  cavity.  The  fluid  may 
come  from  the  peritoneal  cavity,  or  may  originate  as  in  an  ordinary 
hydrocele.  It  can  be  pressed  into  the  peritoneum  through  the  neck. 
It  will  be  understood  that  a  congenital  hernia  may  occur  along  with  or 
alternate  with  this  form  of  hydrocele. 
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7.  Spermatocele.  Encysted  hydrocele. — In  this  affection  there  is  a 
cyst  having  in  many  cases  much  the  external  appearance  of  hydrocele, 
but  containing  a  fluid  in  which  spermatozoa  are  abundantly  present.  In 
other  respects  also  the  condition  difi'ers  from  that  in  hydrocele,  for  we 
have  here  not  merely  an  accumulation  in  an  existing  sac,  but  a  proper 
new-formed  cyst.  Hence  the  name  Encysted  Hydrocele  is  often  used  as 
equivalent  to  spermatocele. 

The  cyst  arises  in  connection  with  the  epididymis  for  the  most  part, 
and  probably  takes  origin  in  one  or  more  aberrant  tubules  which  have 
formed  blind  diverticula  from  the  seminal  tubules.  It  usually  arises 
near  the  upper  end  of  the  epididymis,  but  it  may  be  at  the  lower  end 
or  from  the  rete  testis,  The  cysts  grow  often  to  a  large  size,  and  they 
sometimes  push  themselves  into  the  sac  of  the  tunica  vaginalis,  inverting 
one  layer  of  the  wall  against  the  other.  As  a  rule,  the  tunica  vaginalis 
is  found  below  and  in  front  of  the  cyst,  this  position  being  connected 
with  the  origin  of  the  cyst  in  the  neighbourhood  of  the  epididymis. 

The  fluid  from  these  cysts  has  a  peculiar  opalescent  appearance, 
which  is  due  to  the  presence  of  multitudes  of  lively  spermatozoa.  The 
existence  of  these  shows  that  the  cyst  has  retained  its  connection  with 
the  seminal  tubules.  The  cyst  is  usually  lined  with  a  ciliated  epithelium, 
but  in  large  ones  the  pressure  of  the  fluid  may  cause  these  cells  to 
assume  the  pavemented  form. 

It  will  be  observed  that  these  spermatic  cysts  are  comparable  in 
their  origin  to  the  parovarian  cysts. 

Other  forms  of  hydrocele  have  been  described,  hut  they  require 
only  a  passing  notice.  There  may  be  an  encysted  hydrocele  without 
spermatozoa  in  the  fluid.  Then  there  is  encysted  hydrocele  of  the 
cord,  sometimes  arising  by  a  portion  of  the  communication  between  the 
tunica  vaginalis  and  the  peritoneum  remaining  unobliterated  and  be- 
coming the  seat  of  an  accumulation  of  fluid.  There  ' is  also  diffused 
hydrocele  of  the  cord,  in  which  there  is  an  cedematous  condition  of  the 
connective  tissue  around  the  spermatic  cord.  There  may  even  be  a 
hydrocele  from  a  hernial  sac,  which  has  got  emptied  of  its  contents  and 
shut  off  from  the  peritoneum  by  adhesion  of  the  neck. 

B.— The  Penis,  Scrotum,  and  Prostate. 

In  the  Penis,  ulcers  or  chancres  are  the  commonest  forms  of  disease. 
The  simple  chancre  is  an  ulcer  which  has  its  usual  seat  on  the  glans  or 
frsenum.  Sometimes  we  meet  with  a  deeply  penetrating  or  phageda3uic 
ulcer.  The  hard  chancre  is  the  primary  syphilitic  sore,  and  as  such  we 
have  already  considered  it. 
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Another  syphilitic  manifestation  is  the  Condyloma,  which  forms 
a  warty  outgrowth  sometimes  of  considerable  size.  There  may  be 
large  groups  of  papillaa  forming  a  cauliflower-like  tumour. 

Cancer  of  the  penis  occurs  in  the  form  of  epithelioma.  It  begins 
usually  in  the  glaus,  and  the  tumour  is  often  covered  with  jDrominent 
papillae,  which  give  it  a  highly  characteristic  warty  appearance,  like  the 
cauliflower  excrescence.  It  may  remain  long  without  ulceration,  but 
usually  sooner  or  later  breaks  down,  and  there  are  sometimes  deep 
ulcerating  fissures  or  fistulfB  between  the  groups  of  papillaj. 

In  the  Scrotum,  Cancer  is  somewhat  common,  and  it  is  so  often 
chimney-sweepers  who  are  afi"ected  that  the  disease  is  often  called 
chimney-sweepers'  cancer.  In  Glasgow  it  has  been  found  that  workers 
in  paraffin  refineries  are  also  liable  to  this  disease.  It  generally  forms 
a  flat  tumour  from  whose  surface  prominent  papillae  protrude.  Through 
time  ulceration  occurs  and  the  testicle  may  be  exposed. 

Elephantiasis  of  the  scrotum  is  referred  to  at  p.  212,  and  illustrated 
in  Fig.  59. 

Lymph  scrotum  has  already  been  referred  to  in  connection  with 
the  filaria  sanguinis.  In  it  there  is  a  varicose  condition  of  the  lym- 
phatic vessels  of  the  scrotum  with  the  formation  of  vesicles  in  the  skin. 
These  frequently  burst  and  discharge  a  fluid  in  which  the  embryo 
filaria  is  usually  to  be  found.  In  some  such  cases  the  filaria  is  also 
present  in  the  blood,  but  sometimes  not.  The  lymphatic  glands  of  the 
groin  are  indurated,  and  the  dilatation  of  the  lymphatics  has  beer 
ascribed  to  the  obstruction  of  these  vessels  in  the  glands  by  the  embryo 
filariae  (see  p.  344). 

The  Prostate,  as  we  have  already  seen,  is  subject  to  Hypertrophy. 
The  common  enlargement  of  old  age  is  due  to  increase  of  the  muscular 
substance.  This  enlargement  exists  in  about  30  per  cent,  of  men  above 
60  years  of  age.  It  develops  slowly  without  any  apparent  cause,  and 
in  this  respect  has  the  characters  of  a  tumour.  Sometimes  the  whole 
prostate  enlarges,  and  it  may  reach  the  size  of  the  fist.  But  sometimes 
there  is  a  more  partial  hypertrophy,  forming  the  so-called  third  lobe  of 
the  prostate,  which  projects  inwards  at  the  neck  of  the  bladder,  and  is 
sometimes  so  large  as  to  act  like  a  valve  to  the  orifice  of  the  urethra. 
This  third  lobe  is  thus  entirely  new-formed,  there  being  normally  only 
the  two  lobes.  The  cff'ect  of  enlargement  of  the  prostate  on  the  urethra 
is  to  be  noted.  If  there  is  a  general  enlargement  the  urethra  is 
necessarily  elongated  in  its  prostatic  portion,  and  whereas  normally  this 
I  portion  measures  1^  inches  in  length  it  may  come  to  be  4  inches.  At 
1  the  same  time  the  tube  may  be  narrowed  and  even  distorted.  If,  for 
I  instance,  the  central  part  of  the  prostate  is  specially  hypertrophied, 
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then  the  ui^ethra,  being  pushed  upwards,  has  on  section  a  crescentic 
shape  with  the  convexity  upwards ;  or  if  one  side  is  larger  than  the 
other,  there  will  be  a  convexity  towards  the  opposite  side. 

Besides  this  muscular  hypertrophy  the  much  rarer  hypertrophy  of 
the  glandular  structure  is  to  be  mentioned.  The  glandular  structure 
does  not  commonly  increase  with  the  muscular,  but  sometimes  enlarges 
by  itself,  so  that  we  have  an  adenoma  of  the  prostate. 
"  Cancer  of  the  prostate  is  not  of  frequent  occurrence.  The  gland 
enlarges  and  the  disease  is  apt  to  extend  to  neighbouring  structures. 

Tubercle  occurs  not  infrequently  in  the  prostate  and  vesiculse 
seminales  in  conjunctiou  with  similar  disease  in  other  parts  of  the 
urino-genital  passages.  There  is  caseous  necrosis  with  ulceration  as 
usual,  and  this  may  cause  even  perforation  into  the  rectum  or  bladder. 

Concretions  are  of  frequent  occurrence  in  the  prostate  in  old  persons. 
They  are  formed  in  the  gland-ducts  and  are  of  various  sizes,  from  very 
minute  to  the  size  of  a  grain  of  corn.  When  small  they  are  colourless, 
but  as  they  enlarge  they  frequently  become  blackish  or  reddish  brown 
in  colour.  They  are  round  or  oval  in  form  and  frequently  present 
concentric  stratification  (Fig.  3.9,  p.  168).  They  have  usually  a  central 
cavity.  Very  commonly  these  bodies  present  the  character  of  amyloid 
bodies,  giving  a  bluish  or  mahogany  red  colour  with  iodine.  Some- 
times they  contain  lime  salts  in  their  substance.  They  may  pass  mto 
the  urethra  and  escape  with  the  urine.  While  in  the  prostate  they  do 
not  appear  to  produce  much  disturbance. 

Literature.— res/M—CuELiNG,  Dis.  of  testis,  4th  ed.,  1878;  Kocheb,  Ki-ankh.  d. 
Hodens,  1874.  'Tumours— E,te  (Cystic  testicle,  with  literature),  Path,  trans.,  xxxviu., 
1887 ;  Neumann  (Myoma  striocellulare),  Virch.  Arch.,  ciii.,  1886 ;  Paget  (Enchon- 
droma  and  other  tumours),  Surg.  Path.,  1870.  Tuberculosis— ^eci.vs,  Du  tubercule 
du  testicule,  1876;  Waldstein,  Virch.  Arch.,  Ixxxv.,  1881.  -SyiJ/iiVw— Keclus, 
Syph.  du  testicule,  1882,  and  Gaz.  Hebd.,  1883.  ^ 
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SECTION  X. 
DISEASES  OF  THE  SKIN  AND  ITS  APPENDAGES. 

.  Introduction,  as  to  normal  structure.  I.  Htpkr.5:mi4,  Hemorrhage,  and  CEdema. 
II.  Eetrograde  Changes.  1.  Atrophies  of  shin,  hair,  and  pigment;  2. 
Necrosis,  including  ulcers.  III.  Inflammations.  Causation.  1.  Inflam- 
matory skin  erupt.ions,  the  individual  lesions,  and  different  forms ;  (a)  Urti- 
caria, (b)  Erythema  and  Roseola,  (c)  Eczema,  (d)  Psoriasis,  (e)  Pityriasis 
rubra,  (f)  Lichen  ruber,  (g)  Prurigo,  (h)  Pemphigus,  (i)  Acne.  2.  Symptomatic 
Inflammations,  in  acute  fevers,  chiefly  small-pox.  3.  Inflammation's  from  heat, 
cold,  and  injury,  (a)  Burns  and  scalds,  in  three  degrees,  (b)  Frost-bite  and 
chilblain,  (c)  Wo2mds  and  excoriations.  4.  Infective  inflammations,  (a)  Boil 
and  carbuncle,  (b)  Cadaveric  infection,  (c)  Phlegmonous  inflammations,  (d) 
Malignant  oedema,  (e)  Anthrax,  (f)  Hospital  gctngrene.  IV.  Specific  new- 
FORMATio.NS.  1.  Syphilis,  in  primary,  secondary,  and  tertiary  forms ;  2. 
Tuherculosis,  as  Lupus  and  Scrofuloderma  ;  3.  Leprosy  ;  4.  Elephantiasis  ;  5. 
Frambcesia.  V.  Trophonetjrosks.  1.  Herpes;  2.  Qlossy  shin;  3.  Sclero- 
derma and  Morphaa.  VI.  Hypertrophies  and  Tumours,  including  Ichthyo- 
sis.  Com,  Wart,  Soft  wart  or  mole.  Keloid,  Molluscum  contagiosum.  Fibroma 

P  molluscum,  Xanthoma,  Sarcoma,  Cancer.  VII.  Parasitic  affections,  chiefly 
Jrom  fungi,  1.  Favus,  2.  Ringworm,  3.  Pityriasis  versicolor  ;  ■  Animal  para- 
sites. 

INTEODUCTION. 

'  rpHE  diseases  of  the  skin  are  exceedingly  manifold,  and  the  names 
applied  to  them  somewhat  complicated.     In  this  section  an 
•  endeavour  is  made  to  summarize  the  pathological  conditions  and  group 
;  together  the  various  diseases  according  to  the  nature  of  the  lesion. 

rformal  structure.— The  Corium  or  True  skin  is  a  very  vascular 
(dense  membrane  composed  of  interlacing  fibres  of  connective  tissue, 
'With  numerous  elastic  fibres.  It  is  richly  suj^plied  with  nerves,  and 
1  possesses  bundles  of  smooth  muscle.  It  has  also  a  rich  system  of  lym- 
phatic vessels.  In  the  corium  we  may  distinguish  a  superficial  or 
:  Papillary  layer  and  a  deeper  one.  Many  of  the  diseases  aflfect  the 
i  papillary  layer  especially. 

The  Epidermis  on  the  surface  of  the  corium  is  in  several  layers 
(Pig.  351).    Most  superficial  is  the  horny  layer  {a)  composed  of  flat 
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cells,  which  are  little  more  than  scales,  and  have  lost  their  nuclei. 
Next  comes  the  stratum  lucidum  .(b)  composed  of  flat  transparent  cells. 
Most  deeply  situated  is  the  stratum  mucosum  or  rete  Malpighii,  com- 
posed of  cells  which,  in  the  deepest  layer,  are  cylindrical,  but  toAvards 
the  surface  become  polygonal  and  flattened.    In  the  deeper  layers  the 


Fig.  351. — Section  of  epidermic  layer  of  skin  with  a  hair  and  its  follicle,  a,  homy 
layer  ;  h,  stratum  lucidum  ;  c,  Malpighian  layer  with  (<()  the  deepest  layer  of  cylindri- 
cal cells  ;  c,  hail-,  whose  sheath  presents  two  layers,  cue  continuous  with  the  homy 
and  the  other  with  the  Malpifjhian  layer,    x  350. 


cells  are  serrated  at  the  margins,  so  as  to  give  the  appearance  of 
prickles  by  which  the  cells  fit  into  each  other.  The  Malpighian  layer 
extends  between  the  papillas  of  the  corium,  forming  interpapillary  pro- 
cesses. 

The  Sebaceous  glands  may  be  regarded  as  modified  prolongations  of 
the  Malpighian  layer.  They  arc  mostly  connected  with  hair  follicles 
into  which  they  open,  but  sometimes  large  glands  are  connected  with 
small  hairs  and  small  glands  with  large  hairs,  Avhile  there  are  glands 
not  connected  with  hairs  at  all.  The  Sudoriparous  glands  are  usually 
situated  beneath  the  skin,  their  ducts  passing  through  corium  and  epi- 
dermis, having  a  spiral  course  in  the  latter.    The  Hairs  are  composed 
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of  horny  epidermis,  and  are  placed  in  follicles.  In  the  latter,  two  layers 
1  of  epidermis  can  be  distinguished  (Fig.  351),  the  outer  root-sheath  cor- 
I  responding  with  the  Malpighian  layer,  and  the  inner  root-sheath  corre- 
sponding with  the  horny  layer.  At  the  bottom  of  the  follicle  is  a 
I  papilla  continuous  with  the  corium,  and  on  this  is  set  the  bulb  of  the 
hair.  The  nails  are  composed  of  compressed  horny  eiDidermis.  Beneath 
'  the  nail  are  still  two  layers  of  epidermis,  a  horny  layer  of  loose  cells, 
;  and  a  Malpighian  layer  covering  Avell-formed  pajiillse. 

The  exposed  position  of  the  skin  renders  it  very  liable  to  the  influence 
4  of  agents  acting  from  without.  It  is  also  liable  to  be  influenced  by  irri- 
Itants  circulating  in  the  blood,  in  which  case  the  skin  affection  will  pro- 

I  bably  be  an  insignificant  part  of  a  general  condition.  The  skin  again  is 
]  liable  to  be  affected  by  states  of  the  nervous  system.  From  these 
!  remarks  it  mil  be  inferred  that  the  inflammations  of  the  skin  are  its 

I I  most  important  morbid  conditions,  and  these  will  call  most  largely  for 
*  description. 

Literature. — General  works — Ebasmus  Wilson,  Dis.  of  skin,  1867  ;  Neumann, 
'  (Pathological  anatomy  is  very  good)  Lelirb.  d.  Hautkrank.,  1880 ;  Hebha  and 
Kaposi,  Dis.  of  skin  (Syd.  Soc),  1866-1880  ;  Duhhing,  (literature  very  complete)  Dis. 
(of  skin,  1882  ;  M'Call  Anderson,  Dis.  of  skin,  1888. 

I.— HYPEEiEMIA,  H^MOEEHAGE,  CEDEMA  OP  THE  SKIN. 

The  skin  is  very  liable  to  variations  of  its  blood  supply.  An  active 
'  Hyperaemia  hardly  occurs  as  a  pathological  condition  except  as  part  of 
,jin  inflammation.  Passive  hyperaemia,  on  the  other  hand,  is  exceedingly 
< -common  as  a  result  of  general  venous  engorgement,  esi)ecially  in  disease 
I  of  the  heart.  From  the  blue  colour  assumed  by  the  skin  in  passive 
I  hypertemia  the  condition  is  designated  Cyanosis. 

Haemorrhages  are  frequent  and  of  various  kinds.  As  to  their  causes 
i  little  need  be  added  to  what  is  stated  at  page  83.  The  skin  is  liable  to 
I  haemorrhage  by  traumatic  rupture  of  its  vessels,  but  still  more,  perhaps, 
i  by  alterations  in  the  state  of  the  blood  affecting  its  vessels.  In  scurvy, 
iin  purpura,  in  small-pox,  in  typhus,  etc.,  the  skin  is  the  seat  of  hasmor- 
1  rhage  much  more  freqncntly  than  any  other  structure. 

The  blood  escaping  from  the  vessels  collects  in  the  serous  spaces  of 
1  the  corium  for  the  most  part,  but  may  pass  to  the  subcutaneous  tissue, 
"  where  the  fat  is  sometimes  considerably  infiltrated.    When  the  blood 
■  has  escaped  from  a  small  vessel  and  infiltrates  a  limited  area  so  that  a 
'  bluish  spot  is  seen  on  viewing  the  surface,  the  term  Petechia  is  given. 
As  these  small  haemorrhages  depend  on  the  state  of  the  blood,  the 
l)ctechiae  are  nearly  always  multiple.     When  the  blood  infiltrates  a 
larger  area  then  the  term  Ecchymosis  is  used.    Sometimes  the  blood 
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collects  between  the  corium  and  epidermis,  and  then  a  hsemorrhagic 
Vesicle  is  the  result ;  but  this  can  only  happen  if  the  deeper  layers  of 
the  epidermis  have  been  killed  so  as  to  allow  of  their  separation  from 
the  corium.  When  there  are  numerous  small  haemorrhages  forming  a 
large  number  of  petechise,  then  it  is  customary  to  use  the  term  Purpura, 
or  to  speak  of  a  purpuric  condition. 

The  blood  effused  in  the  skin  undergoes  changes  like  those  already 
described  at  page  83.  The  affected  area  is  first  dark  blue,  and  the  colour 
does  not  disappear  on  pressure.  After  a  time,  as  the  blood-colouring 
matter  is  dissolved,  the  colour  gets  fainter  and  changes  in  hue,  while 
the  discoloration  becomes  more  extended.  If  blood  has  collected 
between  the  layers  of  epidermis,  it  comes  to  the  surface  and  is  disposed 
of  as  the  ejjidermis  is  shed. 

(Edema  of  the  skin,  apart  from  inflammation,  is  chiefly  related  to 
disease  of  the  heart  and  kidneys.  Its  general  pathology  has  been  con- 
sidered at  pages  88  and  89.  The  exuded  fluid  collects  in  the  lymph 
spaces  and  is  carried  off  by  the  lymphatics.  Myxoedema  has  also  been 
described  at  page  692. 

n.— EETEOGRADE  CHANGES  IN  THE  SKIN. 

1.  Atrophies. — Simple  atrophy  is  not  uncommon  in  the  skin.  The 
most  frequent  example  of  it  is  afforded  by  Senile  atrophy,  resulting  in  i 
the  wrinkled  skin  of  old  people.  In  this  case  the  connective  tissue  of : 
the  cutis  loses  in  bulk,  especially  the  papillary  layer.  The  ej^idermis  • 
is  also  thinner  and  dry,  and  there  is  often  desquamation  in  the  form  oft 
dry  scales  or  larger  membranous  pieces.  The  hairs  are  atrophied,  as  • 
their  papillse  have  taken  part  in  the  general  atrophy  of  the  papillae  oft 
the  skin.  The  hair-follicles  are  shortened,  and  the  sebaceous  glands  on ; 
this  account  may  be  brought  close  to  the  surface,  almost  opening; 
directly  on  it.  The  secretion  may  accumulate  in  the  sebaceous  glands  ■ 
so  as  to  form  small  or  large  Cysts. 

A  general  atrophy  also  occurs  in  emaciated  persons,  and  it  ma)' 
closely  resemble  the  condition  in  senile  atrophy. 

There  are  further  conditions  variously  named  Parchment  skin, 
Xeroderma,  Hide-bound  skin,  which  are  of  rare  occurrence,  and  are  noti 
very  well  understood  in  their  exact  relations.  The  skin  is  thinned  and 
hardened,  especially  the  epidermis,  so  that  the  body  seems  covered  -with: 
stiff  parchment,  which  often  looks  as  if  too  small  for  the  surface  to  bei 
covered,  and  the  movements  of  the  limbs  are  impeded.  The  skin  is; 
sometimes  mottled  with  pigmented  spots,  sometimes  white.  The  diseasei 
generally  begins  in  early  life  and  extends  gradually  over  the  skin. 

Of  the  Local  atrophies  the  most  familiar  is  that  which  occurs  after: 
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Pregnancy.  White  lines  are^  found  in  the  abdomens  of  persons  who 
have  been  pregnant,  and  similar  lines  occur  in  persons  Avhose  abdomens 
have  been  distended  by  tumours,  by  ascites,  or  even  by  accumulation  of 
fat.  The  white  lines  have  a  cicatricial  appearance,  and  they  seem  to  owe 
their  origin  to  the  connective-tissue  fibres  of  the  cutis  being  dissociated 
by  the  stretching.  Somewhat  similar  white  lines  or  striaj  sometimes 
occur  idiopathically,  especially  over  the  buttocks,  trochanters,  pelvis  and 
thighs. 

The  Pigmentations  of  the  sldn  have  been  mostly  referred  to  in  pre- 
vious pages.  They  are  chiefly  those  in  Addison's  disease,  in  jaundice, 
in  tattooing,  and  in  argyria  (see  pp.  163,  164). 

The  Hairs  are  liable  to  atrophy,  and  two  forms  may  be  distinguished 
according  as  either  the  hair  itself  or  its  pigment  diminishes.  Alopecia 
or  Baldness  is  atrophy  of  the  hair  itself  All  through  life  a  continuous 
felling  out  of  the  hair  is  occurring,  and  is  due  to  an  atrophy  of  the  bulb. 
But  the  papilla  remains,  and  a  healthy  new  hair  is  produced  on  the  site 
of  the  old  one.  In  some  people  as  life  advances  the  new  hairs  are  not 
reproduced  of  normal  size,  and  they  become  gradually  finer  and  finer, 
till  there  are  only  the  finest  woolly  hairs  on  the  bald  part,  or  even  none 
'  at  all. 

Besides  being  produced  in  this  way,  baldness  may  be  secondary  to 
syphilis,  to  inflammations  and  to  certain  parasitic  diseases ;  in  these 
cases  it  depends  on  interference  with  the  nutrition  of  the  sheath  and 
papilla. 

Special  attention  has  been  paid  to  Alopecia  areata,  in  which  baldness 

■  occurs  in  circular  patches.    These  patches  are  not  entirely  bald,  but  are 

■  covered  with  fine  woolly  hairs,  and  the  pajnllaj  are  not  destroyed.  The 
;  nature  of  this  disease  is  obscure,  some  regarding  it  as  parasitic,  and 

<  others  as  a  trophoneurosis.  Its  habit  and  mode  of  extension  render  the 
;  parasitic  view  very  probable.  It  is  very  likely  that,  as  Thin  contends, 
:the  parasite  here  is  a  microbe  (a  micrococcus),  which  is  much  more 

<  difficult  to  detect  than  the  other  parasites  of  the  skin,  which  are  fungi. 

Canities  or  Greyness  of  the  hair  is  also  for  the  most  part  a  natural 
;  atrophy  of  advanced  life.  But  it  also  sometimes  comes  on  prematurely. 
It  depends  for  the  most  part  on  a  deficiency  of  pigment  in  the  individual 
1  hairs  at  their  original  formation,  so  that  the  pigment  granules  between 
I  the  cells  in  the  cortical  layers  of  the  hair  are  diminished.  But  there 
1  may  be  a  temporary  blanching  of  the  hair  from  air  getting  infiltrated 
•  among  the  cells  of  the  cortex.  Cases  of  sudden  permanent  blanching 
I  have  received  no  satisfactory  explanation. 

Albinism  is  a  congenital  absence  of  pigment  which  affects  the  iris  and 
'  choroid  of  the  eye  as  well  as  the  hair  and  skin.    It  is  not  infrequent  in 
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negroes,  the  peculiar  result  being  a  white  negro.   The  albinism  is  some 
times  partial,  so  that,  in  the  case  of  the  negro,  a  piebald  appearance  i  - 
produced. 

The  Nails  are  liable  to  atrophy,  which  may  be  congenital  or  acquired. 
In  the  course  of  acute  illnesses,  such  as  fevers  or  maniacal  attacks,  th 
formation  of  the  nails  is  often  partially  suspended,  and  the  illness  i 
marked  for  a  time  by  a  transverse  depression,  which,  with  the  growtl 
of  the  nail,  proceeds  from  the  root  outwards,  and  disappears  in  due 
course.  The  nails  also  atrophy  sometimes  in  consequence  of  various 
parasitic  or  inflammatory  skin  diseases. 

2.  Necrosis. — Death  of  portions  of  the  skin  occurs  vmder  varioiu 
circumstances.  Perhaps  the  commonest  case  is  that  of  Bedsores  (Deri 
bitus),  in  which  a  piece  of  skin  which  has  been'exposed  to  pressui'e  whilst 
lying,  dies  and  is  discharged  as  a  slough.  This  occurs  chiefly  in  weak 
and  debilitated  persons.  It  is  met  with  frequently  in  insane  persons  an' 
paralytics,  and  it  is  matter  of  controversy  how  far  the  affection  of  trophi- 
nerves  may  have  to  do  with  the  necrosis  (see  p.  146). 

In  all  forms  of  Cutaneous  ulcers  there- is  necrosis,  which  may  be  in  ' 
the  molecular  or  in  the  more  massive  form.    The  margin  of  the  ulcer 
inflamed  and  infiltrated  Avith  inflammatory  products.  Enlargement 
takes  place  by  a  gradual  molecular  necrosis  of  the  inflamed  structures,  an^ 
generally  implies  the  continuous  action  of  an  irritant.    The  irritant  i 
mostly  an  infective  virus,  and  the  majority  of  the  ulcers  will  be  agai: 
referred  to  under  subsequent  headings. 

In  the  case  of  such  Infective  ulcers  there  is  usually  a  granulating  sur 
face  which  is  gradually  destroyed  by  the  action  of  the  virus.  When  the 
virus  has  been  destroyed,  then  the  ulcer  proceeds  to  healing  like  a  granu- 
lating  wound  (see  p.  135,  etc.). 

The  Varicose  ulcer,  arising  in  connection  with  varicose  veins,  owes . 
its  origin  to  a  prolonged  venous  hypersemia,  leading  to  oedema  and 
infiltration  of  the  skin.  The  nutrition  of  the  skin  is  seriously  com-i 
promised,  and  a  trivial  external  injury  may  cause  the  epidermis  to  give< 
way.  The  exposed  and  inflamed  skin  forms  granulations,  but  these  also,' 
from  the  persistent  venous  engorgement,  are  readily  destroyed  hy  slight 
injuries,  and  the  ulcer  advances,  while  the  inflammatory  infiltration  ofi 
the  skin  outside  extends.  The  granulations  will  only  proceed  to  healingf 
in  the  usual  way  when  the  venous  hypersemia  is  removed. 

The  Perforating  ulcer  of  the  foot  is  a  peculiar  form  which  is  believedi 
by  some  to  be  due  to  a  trophic  lesion  of  the  nerves.  There  have  been  i 
found  in  some  cases  inflammatory  lesions  of  the  nerves,  and  the  disease' 
is  sometimes  associated  with  nervous  aff'ections,  especiallj''  locomotor' 
ataxia.    It  is  questionable  how  far  mere  anajsthesia  is  suflicient  to< 
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account  for  the  formation  of  the  ulcer,  as  it  seems  to  do  in  the  case 
of  antesthetic  leprosy.   The  ulcer  is  characterized  by  the  formation  of  an 
aperture  on  the  surface  of  the  foot,  which  leads  to  penetrating  sinuses  in 
its  substance,  often  attacking  the  bones. 
Cancerous  ulcers  are  incapable  of  healing. 

III.— INFLAMMATIONS  OP  THE  SKIN. 

These  include  a  very  great  variety  of  diseases,  and  the  nomenclature 
is  exceedingly  complicated.  In  the  skin,  as  elsewhere,  inflammation  is 
produced  by  the  action  of  irritants,  and  the  form  of  the  inflammation 
will  depend  greatly  on  the  nature  and  source  of  the  irritant. 

Causation. — In  some  cases  the  origin  and  mode  of  action  of  the  irritant 
is  perfectly  obvious,  while  in  others  it  is  very  obscure.  We  have,  for 
instance,  septic  inflammations,  as  in  erysipelas,  due  to  a  definite  microbe. 
We  have  also  the  various  inflammations  in  connection  with  the  acute 
fevers  in  which  a  specific  morbid  poison  attacks  the  skin.  But  there  are 
other  cases  in  which  the  origin  is  very  obscure,  and  in  which  the  peculi- 
arities of  the  individual  play  an  important  part.  Just  as  there  are 
persons  especially  liable  to  inflammations  of  the  bronchi,  of  the  kidneys, 
or  of  the  intestine,  so  are  there  persons  whose  skin  is  prone  to  in- 
flammation. Even  in  persons  not  predisposed  temjDorary  states  of  the 
nervous  system  apparently  lead  at  times  to  a  special  tendency.  At  such 
times  a  very  slight  external  irritation  wiU  lead  to  an  inflammatory  mani- 
festation. There  are  indeed  cases  in  which  the  nervous  condition  is  the 
only  obvious  cause,  as  seen  in  a  mild  form  in  Urticaria,  and  in  a  more 
pronounced  form  in  the  so-called  Trophoneuroses. 

In  considering  the  various  forms  of  inflammation  of  the  skin  we  shall 
divide  them  into  four  groups  on  the  basis  of  their  causation.  These  are 
(1)  Inflammatory  skin  eruptions;  (2)  Symptomatic  cutaneous  inflamma- 
tions; (.3)  Inflammations  from  heat,  cold,  and  injury;  (4)  Septic  and  in- 
fective inflammations. 

1.  Inflammatory  skin  eruptions. — The  affections  included  under  this 
designation  consist  in  various  inflammatory  aflfections  of  the  skin  due  in 
some  cases  to  local  irritation,  and  in  others  to  general  irritation  from 
conditions  of  the  blood.  In  most  of  them  individual  peculiarities  play 
a  very  important  part,  so  that  slight  irritations  jjroduce  eruptions  in 
some  people,  while  they  have  no  eff"ect  on  others.  Indeed  the  tendency 
in  many  cases  is  so  great  that  the  conditions  are  regarded  as  idiopathic. 
There  is  no  doubt  also  that  nervous  conditions  have  an  important 
influence.  The  beginning  of  a  skin  eruption  is  often  accompanied  by 
itching,  and  the  scratching  which  the  itching  induces  not  infrequently 
assLsts  in  the  development  of  the  eruption. 
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Character  of  the  lesions. — The  inflammation  acting  on  the  various 
structures  of  the  skin  produces  the  changes  which  occur  elsewhere  under 
like  circumstances.  There  is  hypersenua,  exudation  of  serous  fluid  and 
leucocytes,  parenchymatous  changes  chiefly  in  the  epidermis,  and,  if  the 
inflammation  be  prolonged,  newformation  in  the  true  skin.  Various 
names  are  applied  to  the  anatomical  conditions  thus  brought  about. 

A  wheal  is  a  limited  swelling  of  the  skin  due  probably  to  an  oedema 
of  the  superficial  layers  of  the  cutis.  It  is  temporary,  and  in  all  cases  the 
nervous  system  is  concerned,  as  evidenced  by  the  itching  which  is 
usually  characteristic.  It  is  produced  by  the  local  irritation  of  flea  bites 
or  by  a  general  condition  in  utricaria.  A  papule  is  a  small  solid  eleva- 
tion of  the  skin,  due  generally  to  inflammatory  exudation  which  infil- 
trates the  papillary  layer  of  the  cutis  and  the  epidermis.  There  is 
often  proliferation  of  the  epidermic  cells  as  well.  The  term  Tubercle 
is  sometimes  used,  not  in  the  histological  sense,  but  to  indicate  an 
irregular  rounded  solid  elevation  from  infiltration  of  the  skin.  In  the 
Vesicle  Ave  have  an  accumulation  of  serous  exudation  raising  the  epi- 
dermis. The  fluid  is  not  between  cutis  and  epidermis,  but  the  separation 
takes  place  amongst  the  softer  cells  of  the  Malpighian  layer,  so  that  there 
is  epidermis  both  below  and  above  the  fluid.  The  vesicles  may  be  very 
small  or  so  large  as  to  form  considerable  Blebs,  or  Bullas.  A  Pustule 
is  like  a  vesicle  but  contains  pus,  and  is  due  to  a  more  intense  inflam- 
mation. Scales  or  Squamae  are  comjDosed  of  epidermis  which  has  been 
produced  in  excess  and  is  less  firmly  attached  than  normal.  The  rapid 
production  of  epidermic  cells  is  due  to  a  parenchymatous  inflammation, 
and  the  epidermic  cells  do  not  undergo  the  horny  transformation  to  the 
same  extent  as  normally. 

The  individual  eruptions  have  received  various  names  which  only  in 
part  represent  the  pathological  characters. 

(a)  Urticaria. — In  this  there  is  a  formation  of  wheals  in  various  pai'ts  of  the 
body  without  any  special  external  irritant.  Such  attacks  are  usually  brought  on  by 
eating  shell-fish,  walnuts,  or  other  special  forms  of  food.  These  substances  appear 
to  produce  their  effects  through  the  nervous  system,  inducing,  by  reflex  action,  a 
peculiarly  sensitive  state  of  the  skin.  The  wheals  occur  esjjecially  in  jiarts  of  the 
skin  which  are  irritated  by  rubbing  or  by  contact  of  the  clothes,  and  there  may  be 
very  striking  oedema  of  the  eyehds,  for  instance,  when  the  feeling  of  itchiness  has 
induced  the  person  to  rub  them  more  than  other  parts. 

(h)  Erythema  and  Roseola. — These  names  are  applied  to  mild  inflammatory  con- 
ditions in  which  the  chief,  and  sometimes  the  only  apparent,  change  is  hyjjerffimia. 
The  inflammatory  nature  of  the  condition  is,  however,  often  indicated  by  the 
existence  of  more  or  less  swelling,  due  to  oedema  of  the  superficial  layers  of  the 
slun  (erythema  nodosum  and  papulosum).  The  attacks  are  often  followed  by 
desquamation. 

These  very  mild  inflammations  are  frequently  somewhat  generalized,  and  ajjpear 
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in  many  cases  to  be,  like  urticaria,  related  to  special  conditions  of  the  nervous 
system,  especially,  perhaps,  of  the  vaso-motor  nerves.  They  may  also  be  produced 
by  external  irritants,  especially  in  susceptible  persons. 

(c)  Eczema. — This  name  is  applied  to  localized  inflammations  of  the  skin,  usually 
of  a  subacute  or  chronic  character.  The  mere  fact  of  the  local  nature  would 
indicate  that  the  irritant  here  comes  from  without ;  but  external  irritation  is  hardly 
ever  the  entire  explanation  of  the  attacks.  In  no  other  disease  do  individual 
peculiarities  and  special  states  of  the  organism  play  a  more  important  part.  The 
external  irritant  may  be  very  various,  such  as  medicinal  ointments,  stuffs  used  by 
the  patient  in  his  occupation,  as  in  dyeing,  parasites  which  induce  scratching,  etc. 
The  intensity  of  the  inflammation  depends  on  the  susceptibility  of  the  patient  and 
the  character  of  the  irritant.  The  various  degrees  of  intensity  are,  to  a  great  extent, 
distinguished  by  the  characters  of  the  eruption,  so  that  we  have  papules,  vesicles, 
pustules,  etc.,  characterizing  different  cases  of  eczema.  From  these  differences  are 
derived  the  names  Eczema,  papulosum,  vesiculosum,  and  pustulosum. 

In  chronic  cases  a  condition  is  brought  about  somewhat  comparable  to  catarrh  of 
mucous  membranes,  and  sometimes  called  Catarrh  of  the  skin.  The  inflamed  sur- 
face keeps  on  discharging  serous  fluid,  not  always  to  the  same  extent.  The  epidermis 
is  softened,  and,  to  a  considerable  extent,  lost,  so  that  the  cutis  is  exposed  or  covered 
with  irregular  crusts.  The  cutis  itself  is  red  and  it  is  thickened  both  by  the  serous 
exudation  and  by  accumulation  of  round  cells. 

(d)  Psoriasis.— The  nature  of  the  irritant  is  in  this  case  quite  unknown,  but  it  is 
probably  to  be  found  in  some  special  condition  of  the  blood.  We  know,  at  least, 
that  remedies  introduced  into  the  bloocl  (arsenic,  and,  according  to  Napier,  ehryso- 
phanic  acid  administered  internally)  frequently  cure  the  disease. 

The  lesion  is  mainly  of  the  epidermis,  and  especially  of  its  Malpighian  layer.  The 
papillary  layer  of  the  cutis  is  hypertemic  and  partly  infiltrated  with  leucocytes  ;  the 
papill£B  are  also  described  as  enlarged,  but  these  alterations  are  comparatively 
trifling,  as,  after  death,  very  little  indication  of  them  is  to  be  found.  During  life 
the  hyperremia  gives  the  corium  a  red  colour.  In  the  middle  regions  of  the  Mal- 
pighian layer  of  the  epidermis  there  is  an  abundant  newformation  of  epidermic  cells. 
The  newformation  is  so  great  that  there  is  no  time  for  the  cells  to  become  horny 
before  they  pass  to  the  surface.  Hence  the  epidermis  on  the  patch  is  entirely 
composed  of  Malpighian  layer,  and,  these  cells,  being  soft,  as  they  dry  they  adhere 
much  more  readily  into  considerable  scales  than  the  horny  cells  do.  For  a  similar 
reason,  as  they  dry  they  shrink  much  more  than  the  horny  cells,  and  air  insinuates 
itself  into  interstices  between  them.  It  is  the  finely  divided  air  which  gives  the 
scales  the  pecuhar  silvery  appearance  characteristic  of  this  disease  (Eindfleisch). 
When  the  scales  are  removed  the  papillary  layer  of  the  skin  is  seen  to  be  red  and 
readily  bleeds. 

(e)  Pityriasis  rubra. — In  this  disease  we  have  a  more  or  less  general  affection,  and 
it  is  not  improbable  that  it  depends  on  a  lesion  of  the  trophic  centres  of  the  skin. 
It  is  characterized  by  an  excessive  discharge  of  scales  consisting  of  masses  of 
epidermic  cells.  These  scales  pass  off  from  slightly  raised  and  reddened  surfaces. 
In  the  earlier  periods  the  cutis  presents  little  more  than  hyperremia  with  excess  of 
leucocytes  in  its  papillary  layer,  but  when  the  disease  has  lasted  for  some  time  there 
is  thinning  of  it  with  flattening  of  the  papillns.  The  sebaceous  glands  and  hairs,  as 
well  as  the  sweat  glands,  are  usually  atrophied.  There  is  often  a  very  excessive 
discharge  of  epidermis. 

(/)  Lichen  ruber.— This  is  a  diffused  papular  eruption,  depending  like  pityriasis 
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rubra  on  some  obscure  general  cause.  There  are  individual  red  papules  on  a  red 
basis.  As  the  disease  goes  on  the  skin  gets  infiltrated  and  thickened,  so  that  the 
movements  of  the  joints  Are  hindered,  and  fissures  are  formed  at  the' folds  of  the 
skin.  The  nails  are  usually  thickened.  The  disease  seems  to  consist  in  an 
inflammatory  infiltration  of  the  papillary  layer  of  the  cutis  and  the  Mal- 
pighian  layer  of  the  epidermis.  The  cells  of  the  rete  Malpighii  are  enlarged  and 
increased  in  number,  and  the  interpapillary  processes  are  enlarged.  The  papilla- 
show  abundant  accumulation  of  round  cells,  especially  round  the  vessels.  There 
is  often  accumulation  of  epidermic  cells  in  the  hair  follicles. 

((/)  Prurigo. — This  also  is  a  diffused  affection  of  the  skin,  which  somewhat  re- 
sembles urticaria,  except  that  it  is  more  permanent.  Like  urticaria  it  seems  to 
depend  on  some  condition  of  the  nervous  system,  induced  especially  among  children 
by  neglect  of  sanitary  conditions  and  defective  nutrition.  Numerous  small  papules 
aj)pear  on  the  skin  and  they  are  intensely  itchy.  The  papules  are  due  to  an 
inflammatory  thickening  of  the  papillte  and  rete  Malpighii.  There  are  round  cells 
and  a  serous  fluid  exuded,  so  that  when  the  head  of  the  papule  is  removed  by  scratch- 
ing a  drop  of  fluid  appears.  The  papules  are  often  induced  to  bleed  by  scratching, 
and  it  is  probably  from  this  that  they  frequently  leave  a  brown  stain.  The  irritation 
produced  by  scratching  may  also  lead  to  eczema. 

(h)  Pemphigus. — This  condition  is  characterized  by  the  formation  of  large  vesicles  or 
bull®,  filled  with  fluid,  which  is  at  first  clear,  but  usually  becomes  more  or  less  purulent. 
As  the  bullaa  usually  occur  at  intervals  over  a  considerable  surface,  the  disease  is  to 
be  ascribed  to  some  general  cause,  and  in  some  acute  cases  the  existence  of  an 
irritant  in  the  blood  is  suspected.  There  is  not  here,  as  in  small-pox,  an  exudation 
among  the  cells  of  the  Malpighian  layer,  but  for  the  most  part  the  whole  epidermis 
is  raised,  and  the  bleb  is  not  divided  by  septa  into  loculi.  If  the  bleb  remain 
unruptured  a  layer  of  ei^idermis  forms  on  the  surface  of  the  cutis.  But  if  it  bm'st, 
then  the  exposed  cutis  discharges  for  a  time ;  by  and  by,  however,  a  crust  forms, 
under  which  the  epidermis  grows.  In  some  cases  the  blebs  are  imperfectly  formed 
and  neighbouring  ones  coalesce,  so  that  a  considerable  surface  is  affected.  When 
these  blebs  burst  there  is  little  tendency  to  newformation  of  epidermis,  and  the 
skin  continues  discharging  fluid  as  well  as  crusts  produced  by  the  fluid  drying  in. 
This  form  is  designated  Pemphigus  foliaceus. 

(i)  Acne. — This  name  is  applied  to  inflammation  of  the  sebaceous  glands  and  their 
neighbourhood,  chiefly  in  connection  with  accumulation  of  the  secretion  in  the 
gland.  There  are  two  condition.;^,  named  respectively  comedo  and  milium,  in  which 
sebum  accumulates  in  the  glands ;  it  is  chiefly  in  connection  with  the  former  that 
acne  occurs. 

In  Comedo  a  sebaceous  follicle  is  filled  with  secretion,  which  forms  a  soUd  plug  in 
the  gland.  The  end  of  the  plug  presents  at  the  surface,  and  has  a  black  or  dark 
blue  colour.  The  plug  consists  of  shed  epidermis  and  sebum,  with  occasionally  a 
small  parasite,  the  acarus  folliculorum. 

In  Milium  there  is  an  accumulation  of  the  secretion  with  closure  of  the  orifice  of 
the  gland.  The  accumulated  secretion  forms  a  rounded  solid  globe,  which  can  be 
felt  in  the  substance  of  the  skin,  but  over  which  the  epidermis  passes  unbroken.  It 
is,  in  fact,  a  small  retention  cyst,  and  it  contains  the  secretion  of  the  gland  mixed 
with  epidermis,  so  that  on  cutting  into  it  a  whitish  globular  body  is  discharged.  The 
cause  of  the  closure  of  the  duct  is  obscure. 

In  Acne  there  is  a  more  or  less  acute  inflammation  of  the  sebaceous  glands,  usually 
in  connection  with  comedo.    There  is  redness  and  swelling  around,  and  pus  is 
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usually  formed,  and  mingles  with  the  substance  of  the  comedo.  Sometimes  there  is 
not  a  proper  suppuration,  but  the  substance  of  the  plug  is  softened  by  the  inflam- 
matory exudation.  The  inflammation  is  due  to  the  irritation  of  the  plug,  especially 
when  by  long  stagnation  it  has  become  foul. 

The  name  Acne  mentagra,  or  Sycosis,  is  given  to  cases  where  there  is  inflammation 
of  the  sebaceous  glands  in  connection  with  the  hairs  of  the  beard.  There  is  a  sycosis 
of  parasitic  origin,  but  in  the  simple  form  there  is  suppuration  in  and  around  the 
hair  follicles  of  the  nature  of  acne. 

A  more  chronic  inflammation  of  the  sebaceous  glands  of  the  face,  with  special 
hypertemia  of  the  vessels  around,  has  received  the  name  Acne  rosacea.  There  is  very 
little  tendency  to  suppuration,  but  great  thickening  of  the  skin  occurs,  so  that  some- 
times there  are  large  lobulated  and  red  protuberances,  especially  on  the  nose,  on 
the  surface  of  which  many  comedones  are  seen. 

2.  Symptomatic  inflammations. — This  class  embraces  the  inflamma- 
tions occurring  in  the  acute  fevers.  In  some  the  cutaneous  affection  is 
very  trivial.  Thus  the  eruptions  in  measles,  scarlatina,  typhoid  and 
typhus  fevers,  consist  of  little  more  than  inflammatory  hypereemia 
with  slight  exudation,  but  also,  in  severe  cases  of  typhus,  hasmorrhages, 
forming  petechite.  The  action  of  the  irritant  on  the  epidermis  is 
evidenced  in  many  cases  by  the  subsequent  occurrence  of  clescj^uamation, 
which  implies  that  the  cells  have  been  so  injured  as  to  lead  to  their  pre- 
mature necrosis  and  discharge.  This  occurs  especially  in  scarlet  fever 
and  measles. 

In  Small-pox  there  is  a  much  more  severe  inflammation.  In  this 
case  the  virus,  consisting  of  micrococci  which  are  present  in  the  exuda- 
tion or  so-called  lymph,  evidently  lodges  in  the  skin  and  multiplies 
there,  leading  to  pronounced  local  changes. 

The  eff'ects  of  the  irritant  are  seen  mainly  in  the  epidermis,  which 
shows  changes  chiefly  in  the  more  plastic  Malpighian  layer.  Many  of 
the  cells  undergo  a  kind  of  coagulation-necrosis,  their  nuclei  being  lost 
and  their  substance  converted  into  a  hyaline  material.  These  necrosed 
epidermic  cells  allow  of  sjjaces  being  formed  among  their  layers  in 
which  exuded  fluid  collects.  In  this  way  a  vesicle  is  formed,  but  it 
does  not  consist  of  a  single  cavity.  As  shown  in  Fig.  352,  the 
epidermic  cells  or  their  remains  form  a  network  of  fibres  and  partitions 
which  divide  the  vesicle  into  compartments  or  loculi  {h  in  figure)  in 
which  a  serous  fluid,  containing  the  micrococci,  is  present.  As  the 
inflammation  increases  in  intensity  leucocytes  are  exuded,  and  these 
accumulate,  as  seen  in  the  figure,  both  in  the  superficial  layers  of  the 
cutis  {d)  and  in  the  loculi  of  the  vesicle.  By  the  aggregation  of  these 
the  vesicle  becomes  a  pustule.  In  the  figure  it  is  seen  that  while  the 
papillary  layer  of  the  skin  (d)  is  somewhat  infiltrated  with  leucocytes, 
yet  it  is  not  destroyed,  and  the  interpapillary  processes  of  the  Mal- 
l)ighian  layer  of  the  epidermis  (c)  still  persist.    Sometimes  no  further 
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destruction  occurs  than  this ;  the  pustule  dries  in  and  a  crust  is  formed 
and  under  it  the  Malpighian  layer  forms  new  epidermis,  so  that  when 


Fig'.  352. — Sectiou  of  a  small-pox  vesicle.  Superficially  there  is  a  network  formed  of  the 
altered  epidermis.  In  some  of  the  meshes  ('<,  b)  are  pus-corpuscles.  For  the  most  part  the 
Malpighian  layer  in  its  deepest  cells  (c)  is  preserved,  but  at  some  points,  as  at  it  is  broken 
through  and  tlie  pus  is  infiltrating  the  skin,  «,  umbilication  of  the  vesicle,  due  to  a  sweat 
gland,  the  coils  of  which  are  distinguishable,    x  liO.    (After  Rindfleisch.) 


the  crust  is  shed  healing  occurs  without  any  loss  of  substance.  But 
more  commonly  the  action  of  the  virus  causes  death  of  the  superficial 
layers  of  the  cutis  as  well  as  of  the  epidermis.  This  is  sho^^^l  in  Fig. 
353,  where  an  injection  thrown  into  the  arteries  runs  into  the  surround- 


Fig;.  353.--SmaII-pox  eruption  with  necrosis,  from  an  injected  specimen.  The  normiil 
skin  at  either  side  (a,  a)  has  its  vessels  fully  injected,  while  the  necrosed  part  ((/)  is  unin- 
jected  aud  liomogeneous.    x  50.  (Kindfleisch.) 

ing  skin  (a  a),  but  does  not  penetrate  into  the  slough  (h).  In  this  case, 
when  the  crusts  are  torn,  little  sloughs  infiltrated  with  pus  are  revealed, 
on  the  removal  of  which  ulcers  appear.  By  the  healing  of  the  flat 
ulcers  we  have  the  depressed  reticulated  cicatrices  characteristic  of 
small-pox  (the  so-called  pitting  of  small-pox). 
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3.  Inflammations  from  heat,  cold,  and  injury.— (a)  Burns  and 
scalds.— We  include  here  the  lesions  produced  by  the  application  of 
excessive  heat  to  the  skin,  whether  the  heated  substance  applied  be  in 
the  solid,  liquid,  or  gaseous  form.  The  heat  acting  as  an  irritant  damages 
or  kills  the  tissue,  and  so  we  have  signs  of  inflammation,  frequently 
associated  with  necrosis. 

Burns  have  been  distinguished,  according  to  their  intensity,  into 
three  degrees,  characterized  by  the  three  phenomena— hyperajmia, 
vesication,  sloughing. 

^  In  the  First  degree  the  heat  is  only  sufficient  to  produce  a  hyperamia  of  the  skin. 
Exposure  to  the  rays  of  the  sun,  or  to  hot  water  of  a  temperature  of  100°  F.  and  up- 
wards, causes  such  a  relaxation  of  the  arteries  as  to  induce  considerable  congestion. 
The  inflammatory  nature  of  this  hyioeriEmia  is  shown  by  its  continuance  for  some 
time  after  removal  of  the  cause,  and  by  the  occasional  occiu-rence  of  some  cedematous 
swelling  of  the  skin.    After  a  time  there  may  be  desquamation. 

The  Second  degree  is  produced  by  the  action  of  a  temperature  of  140°  to  185°  F 
or  by  the  evanescent  action  of  a  still  higher  temperature.  The  effect  is  to  cause  an 
uiflammatory  exudation  from  the  papillary  layer  of  the  skin,  which  accumulates  in 
the  epidermis  so  as  to  form  a  vesicle.  The  changes  in  the  rete  Malpighii  are 
similar  to  those  already  described  as  occurring  in  the  formation  of  the  small-pox 
vesicle,  but  they  are  more  rapidly  produced  and  the  layer  of  cells  is  more  homo- 
geneously affected.  The  inflammation  soon  subsides,  and  from  the  remaining  cells 
of  the  rete  Malpighii  new  epidermis  is  reproduced ;  there  may  be  already  a  complete 
coating  of  new  epidermis  before  the  vesicle  bursts.  But  sometimes  the  vesicle 
bursts  early,  and  the  inflamed  surface  of  the  skin  is  exposed  ;  or  nearly  the  whole 
of  the  rete  Malpighii  may  have  been  destroyed,  even  the  interpapillary  processes. 
In  these  cases  the  covering  over  of  the  surface  with  epidermis  may  be  delayed,  and 
the  surface  may  even  become  like  a  granulating  wound,  discharging  pus. 

In  the  Third  degree  there  is  necrosis  not  only  of  the  epidermis  but  of  the  true 
skin.  The  temperature  is  over  140°  F.,  and  if  very  high  may  have  acted  for  a  very 
short  time.  As  a  general  rule  the  necrosed  tissue  hes  as  a  dry  crust  on  the  surface. 
An  inflammatory  process  occurs  around  it,  with  exudation,  going  on  usually  to  sup- 
puration. In  this  way  the  slough  is  separated,  and  a  granulating  wound  is  left, 
which  heals  in  the  usual  way,  leaving  a  cicatrix,  the  character  of  which  varies  with 
the  depth  of  the  slough. 

Eeference  has  already  been  made  to  the  fact  that  Hf3emoglobinuria 
sometimes  follows  burns  (p.  96),  and  also  that  reduction  of  temperature 
may  occur  (p.  351).  These,  along  with  reduction  of  blood-pressure 
from  dilatation  of  arteries,  probably  have  to  do  with  the  occasional 
rapid  occurrence  of  death  from  extensive  burns. 

If  the  person  survives  for  some  time  after  the  burning,  inflamma- 
tions of  internal  organs,  the  lungs,  kidneys,  serous  membranes,  are 
frequently  found  ;  also  fatty  degeneration  of  the  heart  and  of  the  liver. 
These  are  to  be  ascribed  with  great  probability  to  the  alteration  of  the 
blood. 
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It  is  much  more  difficult  to  account  for  the  occurrence  of  the  Duo- 
denal ulcer  after  burns.  When  several  weeks  elapse  before  death,  there 
is  found,  in  about  20  per  cent,  of  the  cases,  one  or  more  ulcers,  usually 
situated  in  the  duodenum  near  the  pylorus,  but  sometimes  in  the  pyloric 
region  of  the  stomach.  It  may  be  a  superficial  hsemorrhagic  erosion  or 
a  deeply  penetrating  ulcer. 

(b)  Frost-bite  and  Chilblain.— These  conditions  are  produced  by  the 
action  of  excessively  low  temperatures.  We  can  distinguish  three  de- 
grees here  also. 

The  common  Chilblain  is  an  example  of  the  First  degree.  If  portions 
of  the  body  are  exposed  to  a  low  temperature  and  then  heated,  a  chronic 
or  subacute  inflammation  is  induced.  This  occurs  especially  in  the 
fingers  and  toes.  There  is  passive  hypereemia  sometimes  amounting 
almost  to  stasis,  so  tha,t  the  part  has  a  livid  hue.  There  is  also  serous 
exudation,  so  that  the  part  is  swollen  and  osdematous ;  there  may  be 
red  corpuscles  as  well  as  leucocytes  in  the  exudation.  Sometimes 
ulceration  occurs. 

The  Second  degree  includes  the  Less  severe  cases  of  frost-bite.  The 
skin  has  been  frozen  and  too  rapidly  thawed,  the  result  being  such  an 
injury  to  the  tissue  as  to  cause  an  acute  inflammation.  The  epidermis 
is  raised  in  blisters  which  often  contain  a  bloody  serum.  There  may 
even  be  sloughing  of  the  superficial  layers  of  the  cutis,  and  by  the 
separation  of  the  slough  an  indolent  ulcer  forms. 

In  the  Third  degree,  forming  the  More  severe  cases  of  frost-bite, 
there  has  been  prolonged  exposure  to  very  intense  cold.  The  consequence 
is  the  complete  freezing  of  part  of  the  body,  especially  in  regions  re- 
moved from  the  heart,  as  the  fingers  and  toes.  The  tissues  arc  stiftened 
by  freezing,  and  the  blood  coagulated,  so  that  sometimes  parts  can  be 
broken  ofl"  like  glass.  When  the  parts  are  thawed  gangrene  sets  in.  The 
whole  frozen  part  does  not  die,  but  there  is  partial  recovery  with  in- 
flammation. The  gangrenous  part  is  separated  in  the  usual  way,  gener- 
ally with  decomposition  (moist  gangrene). 

(t)  Wounds  and  Excoriations. — The  phenomena  connected  with  the 
healing  of  wounds  and  the  formation  of  granulations  have  been  con- 
sidered in  previous  pages.  When  merely  a  portion  of  the  epidermis  is 
removed  by  an  injury,  forming  an  Excoriation,  it  is  restored  with  re- 
markable celerity.  The  cells  at  the  margin  and  those  of  the  deeper 
layers  divide  and  form  new  cells  which  fill  up  the  gap. 

In  the  case  of  a  deeper  wound  the  epidermis  also  shows  great  vigour, 
and  it  sometimes  advances  beyond  the  line  of  the  other  healing  pro- 
cesses. Dr.  Macewen  has  pointed  out  to  the  author  that  the  ncAV- 
formed  epidermis  may  advance  over  a  blood-clot  filling  up  a  wound. 
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The  epidermis  here  has  a  remarkably  transparent  hyaline  appearance 
and  IS  continuous,  not  with  the  Malpighian  layer,  but  with  the  layers 
superficial  to  that.  The  character  of  the  cells  here  and  their  trans- 
parency suggest  that  they  may  be  derived  from  the  stratum  lucidum 
It  may,  indeed,  be  suggested  that  this  layer  in  the  normal  skin  is  com- 
posed of  young  epidermis,  and  that  the  loss  on  the  surface  is  supplied 
by  newformation  here  and  not  in  the  Malpighian  layer. 

4.  Septic  and  Infective  inflammations.— We  include  here  those  forms 
of  inflammation  of  the  skin  which  can  be  traced  to  the  action  of  microbes 
leaving  over  those  which  have  the  characters  of  the  specific  newforma- 
tions. 

(a)  Boil  and  Carbuncle. -A  boil  is  a  localized  acute  suppurative  in- 
flammation Avith  a  limited  necrosis  of  the  cutis.  The  irritant  finds 
access  by  the  sebaceous  glands  or  hair  follicles  and  consists  of  pyogenic 
microbes.  The  source  of  these  may  be  obscure,  but  in  some  cases  they 
are  derived  from  contact  with  the  cadaver.  The  inflammation  manifests 
Itself  in  hyperemia  and  exudation,  so  that  a  localized  redness  and 
swelhng  are  the  results.  A  piece  of  skin  in  the  very  centre  of  the  in- 
flamed area  dies,  and  a  small  abscess  having  formed,  the  slough  is  by 
degrees  discharged  along  with  the  pus. 

The  carbuncle  is  similar  in  its  general  characters  to  the  boil,  but  a 
much  larger  piece  of  skin  is  involved.  The  slough  is  therefore  of  much 
greater  extent.  It  sometimes  happens  that  the  whole  piece  of  skin  in  its 
entire  thickness  dies  and  is  separated  as  a  dry  leathery  slough.  More 
frequently  the  necrosis  is  less  extensive  in  the  superficial  layers  than 
in  the  deeper  parts,  and  the  slough  is  discharged  through  numerous  small 
apertures. 

(b)  Lesions  from  cadaveric  poisons.— In  the  juices  of  the  dead  body 
Avhen  in  process  of  decomposition,  there  are  innumerable  bacteria  of 
diff-crent  kinds.    Some  of  these  may  attack  the  skin  of  the  dissector  or 
pathologist,  and  find  a  lodgement  there.    The  organisms  themselves  are 
of  very  various  degrees  of  virulence.    If  the  subject  has  died  of  a  septic 
disease,  then  the  organisms  which  have  during  the  life  of  the  patient 
been  active  factors  in  the  production  of  the  disease,  may  remain  specially 
virulent  after  death.    The  fluid  in  the  abdomen  after  septic  peritonitis, 
such  as  that  which  occurs  in  one  form  of  puerperal  fever,  teems  with 
niicrococci,  and  this  fluid  is  peculiarly  virulent  when  applied  to  the  skin. 
So  is  it  also  with  septic  pleurisy,  etc. 

Besides  degrees  of  activity  in  the  virus,  there  are  various  degrees  in  tlie  suscepti- 
bility of  different  persons,  and  of  the  same  person  at  different  times.  Frequent 
■  exposure  to  the  cadaveric  viruses  creates  a  certain  immunity,  so  that  a  person  will 
be  more  secure  against  them  when  frequently  engaged  in  post-mortem  work  than 
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when  making  only  an  occasional  examination.  A  state  of  exhaustion  of  the  body 
causes  a  greater  degree  of  susceptibility,  and  makes  the  inroads  of  the  vims  when 
once  implanted  more  vigorous  than  in  persons  in  ordinary  health.  The  inference 
from  this  is,  that  the  best  treatment  for  this  condition  is  to  leave  off  work  and  at 
once  seek  rest  and  fresh  air. 

The  vims  very  often  finds  access  to  the  skin  without  any  breach  oi' 
surface.  When  a  wound  is  made  during  dissection  it  is  usually  washed 
thoroughly  and  sucked,  while  bleeding  is  encouraged ;  in  this  Avay  the 
virus  may  be  washed  away.  But  if  it  gets  into  the  hair  follicles  or 
sweat  glands  it  may  lodge  and  multiply  undisturbed. 

The  immediate  effects  are  usually  an  acute  localized  inflammation  of 
the  skin,  resulting  in  the  formation  of  a  small  Pustul^.  The  virus  maj- 
have  attacked  at  several  points,  and  there  is  a  crop  of  pustules,  usually 
on  the  back  of  the  hand  or  forearm  where  the  epidermis  is  thin,  the  left 
hand  being  more  freiiuently  affected  than  the  right,  as  it  is  most  fre- 
quently exposed  in  separating  and  holding  the  organs.  In  many  cases 
nothing  more  than  the  pustules  is  produced,  and  in  the  case  of  the 

regular  pathologist  a  crop  of  pustules  in 
the  spring  may  be  his  annual  experience. 
The  pus  contains  micrococci,  some  of  them 
free,  but  some  in  the  substance  of  the  pus- 
corpuscles  (see  Fig.  354). 
J^^^^^^l^i^  Sometimes,  however,  there  are  more 
X  1500.  severe  local  effects,  and  sometimes  the 

virus  travels  farther  inwards.  Instead  of  dying  away,  the  pustule,  after 
partially  disappearing,  sometimes  leads  to  necrosis  and  acute  inflamma- 
tion in  a  larger  area  around,  so  that  a  boil  is  the  result.  In  this  case 
there  is  a  cicatrix  left  when  healing  occurs.  In  other  cases  it  is  what 
has  been  called  a  blind  boil  which  develops  after  the  pustule ;  there  is 
a  more  chronic  inflammation  of  the  skin  with  considerable  thickening 
and  elevation  but  without  suppuration. 

The  Pathological  wart  is  a  still  more  chronic  lesion.  It  presents  itself 
as  an  irregular  thickening  of  the  skin  with  a  warty  or  papillary  surface. 
This  lesion  is  sometimes  produced  by  the  inoculation  of  the  tubercular 
bacilkis,  forming  a  local  tuberculosis.  The  bacilli  have  been  found  in 
the  lesion. 

In  some  cases  the  virus  propagates  itself  upwards  towards  the  trunk. 
It  may  be  that  an  erysipelas  starts  from  the  local  inflammation,  extend- 
ing upwards  along  the  lymph  spaces  of  the  skin.  In  other  cases  the 
axillary  glands  become  inflamed  without  any  intervening  lesions,  the 
virus  passing  up  the  vessels  and  only  producing  mischief  after  lodging 
in  the  glands.    Here  suppuration  is  common.    An  inflammation  of  the 
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Skin  resembling  erysipelas  may  spread  from  the  glands,  as  the  virus 
checked  m  its  upward  course  towards  the  trunk  by  the  gland  passes 
outwards  to  the  lymph  spaces  around.    This  course  of  events  is  shown 
in  the  account  which  Paget  has  given  of  his  own  case  in  his  "Clinical 
Lectures  and  Essays."    The  inflammation  may  travel  along  the  con- 
nective tissue  of  the  skin  and  subcutaneous  tissue,  and  may  even  reach 
the  pleura.    In  the  skin  its  effects  may  be  very  severe,  resulting  in 
sloughing  and  profuse  suppuration  like  that  in  erysipelas.    It  may  even 
lead  to  septic  infection  or  pyaemia. 
_  (c)  Phlegmonous  inflammations.     Erysipelas.-These  names  are 
given  to  acute  infective  inflammations  of  the  slrin.    In  the  case  of 
erysipelas  the  virus  depends  on  the  streptococcus  erysipelatis  which 
extends  more  or  less  abundantly  in  the  lymph  spaces  and  vessels  of  the 
skin  (see  Fig.  355)  and  subcutaneous  tissue.    The  result  is  a  more 
or  less  severe  inflammation.    At  first  there  is  an  inflammatory  hyper- 
semia,  which  advances  as  the  virus  propagates  along  the  lymph  spaces 
This,  with  a  moderate  exudation  of  fluid  arid  leucocytes,  may  be  all  the 
phenomena.    But  sometimes  there  is  a  much  more  intense  inflammation 
The  skin  IS  mfiltrated  with  leucocytes  to  such  an  extent  that  it  is 
soltened  and  opened  out 
with  pus.    The  epidermis 
is  raised  by  exudation  so 
that  vesicles  or  pustules 
are  formed.  Sometimes 
the  lymph  spaces  are  oc- 
cupied with  fibrine.  Be- 
sides suppuration,  there  is 
often  necrosis  of  portions 


> 


of  the  skin  so  that  sloughs 


A    somewhat  similar 

^1,1^  „  .    „  -"'fi^-  rfSo.— From  tho  skin  in  a  case  of  ervsiiielas  The 

pnlegmonOUS       inflamm.a-  'W^''  *J^>'sti-ation  shows  a  lymphatic  vessel  It  the  ijorder 

+,•„„      c,^vv<^(.-  °l      sebaceous  gland,  tilled  with  micrococci.    The  lower 

null      sometimes      occurs  ^°°^s  a  straight  vessel  similarly  tillcd.    x  350. 

around  septic  wounds,  just  as  we  have  described  in  cadaveric  infection. 

(^0  Malignant  (Bdema.-This  depends  on  the  action  of  a  specific 
microbe,  the  bacillus  of  malignant  oedema  (see  p.  299).  The  aff-ection 
usually  attacks  open  wounds,  and  the  most  typical  result  is  an  advanc- 
ing gangrene  with  development  of  gas,  accompanied  by  acute  inflamma- 
tion. The  author  has  observed  a  bacillus  similar  to  this  one  in  a  case 
of  cancrum  oris.   (Sec  ante.) 

(e)  Splenic  fever  or  Anthrax.— This  disease  also  depends  on  a  special 
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bacillus,  which,  however,  usually  extends  to  the  blood,  and  the  patient 
dies  from  the  general  specific  fever  (see  p.  295).  There  is  usually  a 
local  affection  to  begin  with,  and  the  disease  may  remain  local.  The 
local  affection  has  the  characters  of  a  phlegmonous  inflammation  of  the 
skin  and  subcutaneous  tissue.  Sometimes  the  appearances  of  malignant 
oedema  are  produced.  From  these  local  manifestations  the  condition  is 
sometimes  called  Malignant  pustule. 

(/)  Hospital  gangrene. — This  is  an  infective  disease  accompanied  by 
sloughing  of  the  skin.  It  is  due  to  a  specific  virus  which  is  supposed  to 
be  a  micrococcus.  The  disease  occurs  in  unhealthy  hospitals,  especially 
in  time  of  war.  It  attacks  open  wounds,  especially  granulating  wounds, 
and  is  accompanied  either  by  sloughing  or  molecular  necrosis.  The 
gangrene  frequently  travels  along  the  loose  connective  tissue  and  so 
may  undermine  the  sldn,  or  isolate  muscles  or  blood-vessels. 

IY._SPECrFIC  NEWPOEMATIONS. 

1.  Syphilitic  lesions  of  the  skin. — The  various  manifestations  in  the 
skin  are  the  results  of  the  action  of  the  syphilitic  virus.  The  lesions, 
like  those  elsewhere,  are  either  simply  inflammatory,  or  they  have  the 
characters  of  the  gumma,  forming  in  the  latter  case  more  or  less 
definite  tumours  composed  of  granulation  tissue.  Even  the  purely 
inflammatory  lesions  have  a  tendency,  when  they  have  persisted  long, 
to  present  considerable  newformation  of  granulation  tissue.  The 
syphilitic  lesions  of  the  skin  may  be  divided  into  the  primary, 
secondary,  and  tertiary. 

(a)  The  Hard  chancre  has  been  described  at  p.  191,  and  its  structm-e 
is  illustrated  in  Fig.  47,  p.  190. 

(b)  Lesions  of  secondary  stage.— As  the  virus  is  in  the  blood  the 
manifestations  occur  as  a  rule  over  the  skin  as  a  whole,  although  cu-- 
cumstances  may  determine  a  certain  local  selection.  The  eruptions  are 
for  the  most  part  symmetrical,  and  they  present  a  peculiar  tendency  to 
occur  in  round  patches.  These  patches,  by  healing  in  the  centres  and 
extending  at  the  periphery,  frequently  assume  a  circular  or  serpiginous 
shape. 

The  syphilitic  eruptions  of  the  secondary  stage  are  somewhat  similar 
in  character  to  the  simple  inflammatory  eruptions,  and  they  are  com- 
monly designated  by  similar  names.  There  is,  however,  more  tendency 
in  the  syphilides  to  the  development  of  granulation  tissue  in  the  skin, 
and  hence  the  papular  forms  of  eruption  are  more  frequent.  The 
syphilitic  eruptions  present  very  various  characters,  and  there  is  no 
form  which  is  constantly  present  at  a  particular  stage.  In  the  earhest 
periods  there  is  usually  a  generalized  hypersemia  of  the  skin  {sypUUti^ 
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erythema  or  roseola).  A  more  local  development  of  elevated  papules 
generally  m  groups,  constitutes  the  syphilitic  lichen.  In  these  papules' 
the  corium,  especially  its  superficial  layers,  and  to  a  certain  extent  the 
epidermis,  are  infiltrated  >vith  round  cells;  generally  there  is  desqua- 
mation of  epidermis,  and  this  is  sometimes  very  prominent.  Occurring 
ui  the  palms  of  the  hands  and  soles  of  the  feet  this  desquamation  is  so 
.ctiaracteristic  as  to  give  rise  to  the  designation  syphUitic  psoriasis,  the 
papules  after  a  time  coalescing  and  so  merely  producing  a  generaUv 
raised  surface.  &     &  j' 

The  Condyloma  {Plaque  muqueuse,  mucous  tuhercle)  is  a  further  develop- 
ment of  the  papule.  It  occurs  usually  in  situations  where  two  surfaces 
ot  the  skin  are  in  contact  and  are  thus  kept  moist,  as  in  the  neighbour- 
hood of  the  genital  organs,  in  the  axilla,  beneath  the  mamma,  etc. 
We  have  here  a  very  marked  and  extensive  infiltration  of  the  papiUary 
layer  of  the  skin  with  round  cells,  so  that  an  elevated  surface  is  formed 
bometimes  there  is  a  special  elongation  of  the  papilla  so  that  a  warty 
surface  is  produced,  giving  rise  to  the  Pointed  condyloma.  Sometimes 
the  condyloma  breaks  down  on  the  surface  and  an  ulcer  forms. 

The  syphilitic  papules  sometimes  develop  into  pustules  or  vesicles 
ihe  pustule  forms  by  the  epidermis  being  raised  from  the  surface,  while 
a  fluid  inflammatory  exudation  occurs  between  it  and  thecoriuin  which 
latter  remains  infiltrated  with  round  cells.  The  pustule  or  vesicle  and 
Its  infiltrated  base  may  enlarge  so  as  to  produce  a  broad  bleb  on  a  red 
raised  base  {SyphUitic  pemphigus).  The  blebs  often  dry-in  and  form 
raised  crusts  {Rupia).  In  these  cases  the  pustules  are  as  if  on  the  sur- 
face of  condylomata.  This  is  still  more  the  case  in  Pemphig-us  neona- 
torum, which  is  one  of  the  manifestations  of  hereditary  syphilis.  Here 
the  corium  is  affected  somewhat  as  in  the  condyloma,  but  the  infiltration 
has  more  the  characters  of  granulation  tissue.  In  the  condyloma  the 
structure  of  the  skin  remains  to  a  great  extent,  but  it  is  infiltrated  with 
round  cells,  which  are  mostly  leucocytes.  In  pemphigus  neonatorum 
however,  the  tissue  is  replaced  by  a  vascular  tissue  in  which  are  many 
large  cells,  the  condition  approaching  to  that  of  the  gumma.  On  the 
surface  of  this  the  epidermis  is  raised,  forming  a  vesicle  or  pustule. 

(c)  The  Gumma.— This  is  not  of  very  common  occurrence  in  the  sldn; 
It  IS,  as  we  have  seen,  a  special  tertiary  manifestation.  It  begins  as  a  hard 
swelling  in  the  cutis.  It  increases  in  size  and  raises  the  surface,  some- 
times forming  a  tumour  of  considerable  dimensions.  It  is  peculiarly 
prone  to  ulcerate,  and  after  ulceration  has  occurred  it  may  go  on 
extending,  the  infiltrated  edges  gradually  giving  way. 

2.  Tuberculosis  of  the  skin.— There  is  still  some  doubt  as  to  the 
exact  extent  of  this  group,  and  more  particularly  whether  lupus  belongs 
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to  it.    Undoubtedly  this  affection  ijresents  all  the  characters  of  an 
infective  disease,  and  the  bacillus  tuberculosis  has  been  observed  in  it.^ 

Lupus  occurs  chiefly  in  children,  and  attacks  the  face.  It  consists  in 
an  advancing  infiltration  of  the  cutis  with  granulation  tissue,  in  the 
midst  of  which  giant-cells  are  frequently  visible  and  sometimes  defined 
tubercles.  These,  however,  are  apt  to  be  overwhelmed  by  the  cellular 
infiltration.  There  is  commonly  an  exaggeration  of  the  epidermis,  so 
that  epidermic  processes  may  penetrate  somewhat  among  the  granu- 
lation tissue.  With  all  this  there  is  a  destruction  of  the  specific 
structures  of  the  skin.  The  sebaceous  glands  and  hair  follicles  are 
destroyed,  but  it  is  said  that  the  sweat  glands,  being  situated  beneath 
the  cutis,  are  spared. 

The  tubercular  newformation  undergoes  degenerative  changes,  which 
lead  frequently  to  ulceration,  but  sometimes  cause  cicatrization  mthout 
ulceration. 

The  appearances  presented  to  the  naked  eye  vary  considerably. 
There  is  a  local  infiltration  of  the  sldn,  giving  an  irregular  raised  sur- 
face. The  thickening  may  be  very  great  {L.  liypertropUcus);  or  there 
may  be  considerable  thickening  and  desquamation  of  the  epidermis  (i. 
exfoliativa).  Ulceration  is  frequently  manifest  {L.  exedens  or  ukerai^), 
and  the 'ulcers  are  often  very  varied  in  shape;  or  ulceration  may  be 
absent  (L.  non-exedens). 

Lupus  is  not  usually  accompanied  by  tubercular  manifestations  in 
other  parts,  except  that  the  associated  lymphatic  glands  are  not  infix- 
quently  affected. 

Scrofuloderma  is  a  name  applied  to  tubercular  affections  which  have 
not  the  characters  of  lupus,  and  occur  mostly  on  the  extremities,  neck 
and  trunk.  There  is  infiltration  of  the  cutis,  sometimes  in  such  a 
localized  form  as  to  produce  a  warty  appearance.  (The  pathological 
wart  or  tubercle,  as  stated  above,  is  sometimes  of  this  nature.)  Ulcers 
with  infiltrated  edges  are  frequently  produced. 

3.  Leprosy  has  been  already  described  at  page  211. 

4.  Elephantiasis  has  also  been  considered  at  page  212. 

5.  Framboesia.— This  name  is  given  to  a  disease  evidently  caused  by 
a  virus  which  acts  on  the  skin.  There  are  prominent  irregular  swellings 
produced,  which  have  the  general  appearance  of  exuberant  granulations. 
These  have  been  compared  in  appearance  to  strawberries  and  rasp- 
berries.   The  local  names  Yaws  (African  for  raspberry)  and  Pian  (mul- 

■  berry)  also  suggest  these  resemblances.  The  disease  is  endemic  in  the 
West  Indies  and  Africa ;  it  also  occurs  in  Peru,  where  it  is  called  Ver- 
ruga. It  is  contagious,  and  in  many  respects  so  much  resembles  syphilis 
that  some  authors  have  regarded  it  as  the  same  disease. 


FRAMBCESIA. 


It  begins  as  a  small  raised  spot,  usually  on  the  face,  on  the  upper  or 
lower  extremities,  or  near  the  organs  of  generation.  The  spot  enlarges 
and  gradually  assumes  the  red  irregular  appearance  which  has  stig- 
gested  the  names  of  the  disease.  It  may  continue  for  months  or  years, 
and,  neighbouring  areas  coalescing,  it  may  affect  a  large  portion  of  the 
cutaneous  siu-face. 

The  structure  of  these  growths  closely  resembles  that  of  the  syphilitic 
chancre,  as  may  be  seen  by  comparing  Fig.  356  with  Fig.  47,  page  190j 


Fig.  356.— Section  of  skin  in  frambcesia,  from  a  part  where  tlie  cHsHnan  wo=  <• 
.advanced.    The  papillary  layer  of  the  cutis  is  seol  to  be  replaced  by  ^1^.^^ 
while  the  epidermis  is  preserved  on  the  surface,    x  75.       "i""^*^"  "y  gianulation  tissue, 

The  cutis  is  converted  into  granulation  tissue,  whose  bulky  masses  form 
the  irregular  prominences  characteristic  of  the  disease.  The  epidermis 
may  be  continuous  over  even  the  most  prominent  of  these  masses  (see 
figure),  and  may  even  be  exaggerated  ;  but  the  horny  layer  is  lost  and 
the  soft  Malpighian  layer  alone  remains.  The  epidermis  may  give  way 
and  an  ulcer  form,  from  which  a  thin  fluid  is  discharged,  not  usuaUv  a 
true  pus.  ■'^ 
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v.— TROPHONEUEOSES  OF  THE  SKIN. 

We  include  under  this  heading  lesions  of  the  skin  in  which,  by  reason 
of  disease  of  the  nervous  system,  such  changes  occur  in  the  nutritive 
processes  as  to  lead  to  definite  anatomical  results.  The  existence  of 
separate  trophic  nerves  for  the  skin  has  not  been  anatomically 
demonstrated.  But  there  are  evidences,  especially  in  pathological  pro- 
cesses, that  trophic  centres  exist,  and  that  fibres  convey  impulses  of 
this  kind  to  the  skin.  The  ganglia  of  the  posterior  roots  of  the  spinal 
nerves  and  the  similar  Gasserian  ganglion  seem  to  contain  trophic 
centres,  and  the  trophic  fibres  are  either  identical  with  the  sensory  ones 
or  run  along  with  them. 

1.  Herpes.— This  disease  is  typically  of  nervous  origin.  It  is  com- 
monly accompanied  by  neuralgia,  and  in  its  site  it  nearly  always 
follows  the  distribution  of  a  single  nerve  stem.  It  appears,  for  instance, 
in  the  course  of  an  intercostal  nerve,  or  occupies  one  side  of  the  face  in 
the  area  of  distribution  of  the  fifth. 

The  eruption  in  the  skin  is  in  the  form  of  vesicles  which  somewhat 
rapidly  pass  through  a  series  of  changes.  There  is  first  a  group  of 
slight  elevations  occupying  a  reddened  patch  of  skin,  and  each  of  these 
rapidly  develops  a  vesicle  ; '  in  a  few  days  the  vesicle  dries  up  into  a 
crust,  under  which  fresh  epidermis  is  formed.  In  its  details  the  erup- 
tion is  inflammatory.  There  is  hypereemia  and  oedema  of  the  papillary 
layer  of  the  skin.  The  serous  exudation  collects  in  the  Malpighian 
layer  of  the  epidermis,  separating  its  cells  just  as  in  the  case  of  the 
small-pox  eruption.  The  vesicle  is  divided  by  a  network  composed  of 
the  elongated  and  contorted  epidermic  cells,  which  often  present  clear 
spaces  or  vacuoles  in  their  substance.  In  the  serous  contents  of  the 
vesicles  there  are  leucocytes,  and  these  may  accumulate  till  the  fluid 
approaches  to  the  nature  of  pus.  The  papillary  layer  is  also  frequently 
the  seat  of  infiltration  Avith  round  cells.  Occasionally  there  is  haemor- 
rhage, and  the  papillary  layer  of  the  skin  may  be  destroyed,  so  that 
when  healing  occurs  by  granulation  a  cicatrix  may  be  the  result. 

The  nervous  origin  of  laerpes  has  been  abundantly  estabhshed.  Direct  injury  to  a 
nerve,  as  by  a  gunshot  or  other  wound,  may  cause  it.  It  is  to  be  presumed  that,  in 
this  case,  the  inflammatory  process  in  the  wound  irritates  the  nerve,  and  the 
cutaneous  inflammation  may  be  regarded  as  due  to  the  irritation  of  trophic  fibres. 
Spontaneous  herpes,  and  especially  heiioes  zoster,  has  been  found  associated  with 
inflammations  of  the  intervertebral  or  Gasserian  ganglia,  but  it  has  been  questioned 
whether  the  trophic  centres  have  actually  their  seats  there. 

The  herpetic  eruption  may  arise  from  disease  of  the  spinal  cord  and  brain.  In 
the  case  of  the  cord  it  is  chiefly  in  locomotor  ataxia  that  we  meet  with  hei-pes,  and 
the  eruption  is  accompanied  by  the  severe  pains  characteristic  of  that  disease.  We 
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know  that  in  locomotor  ataxia  it  is  the  posterior  columns  of  the  cord  that  are 
aliected,  and  this  would  indicate  that  the  cutaneous  trophic  centres  or  fibres  run  in 
these  parts,  while  the  coincidence  of  neuralgic  pains  also  indicates  a  sensory  locaHty. 
It  is  here  again  to  be  presumed  that  the  lesion  producing  the  herpes  is  an  irritative 
one  as  indicated  by  the  violent  coincident  pains. 

But  we  may  have  herpetic  eruptions  from  disease  in  the  brain.  There  are  cases 
recorded  in  which  one  half  of  the  body  was  affected,  and  in  some  of  these  there 
was  a  hemiplegia  due  to  a  coarse  lesion  in  the  brain.  It  is  clear  that  there  must  be 
trophic  fibres  and  centres  in  the  brain  as  well  as  in  the  cord,  and  their  irritation 
may  lead  to  hei-pes.  There  are  also  a  few  cases  on  record  of  universal  or  nearly 
universal  herpes,  as  if  a  general  centre  for  the  whole  body  were  irritated. 

2.  Glossy  skin.— This  name  was  applied  by  Paget  to  a  condition 
which  he  observed  in  connection  with  injuries  or  wounds  of  the  nerves. 
There  is  here  again  indication  of  irritation  of  the  nerves,  as  there  is 
always  neuralgic  pain,  described  by  Mitchell  as  burning  pain.  The  con- 
dition also  occurs  sometimes  after  an  attack  of  herpes  (Paget),  and  it  may 
be  associated  with  eczema.  It  may  also  follow  disease  of  the  spinal  cord 
(Mitchell). 

The  disease  occurs  mainly  in  the  hand,  and  especially  in  tl^e  fingers. 
The  affected  fingers  "are  usually  tapering,  smooth,  hairless,  almost 
devoid  of  wrinkles,  glossy,  pink,  or  ruddy,  or  blotched  as  if  with  per- 
manent chilblains  "  (Paget).  The  most  striking  peculiarity  is  the  shining,  • 
glossy  appearance  of  the  surface  as  if  it  had  been  varnished.  The  com- 
parison with  chilblains  is  usually  applicable,  but  sometimes  the  appearance 
is  rather  that  of  highly  polished  scars,  and  the  condition  resembles  that 
in  morphoea.  In  the  afi"ected  part  the  hairs  mostly  disappear,  and  the 
nails  undergo  peculiar  changes.  The  latter  become  greatly  curved,  much 
more  than  in  cases  of  phthisis,  while  the  skin  at  the  root  of  the  nail 
becomes  retracted,  leaving  the  sensitive  matrix  partly  exposed.  The 
disease  affects  mainly  the  fingers  and  toes,  but  it  may  extend  to  the  palm 
of  the  hand  or  the  dorsum  of  the  foot.  The  histological  details  in  this 
condition  are  unknown. 

3.  Scleroderma  and  Morphcaa.— The  name  scleroderma  adultorum  is 
given  to  a  rare  form  of  skin  disease  which  aff'ects  considerable  areas 
and  is  usually  symmetrical.  Morphoea  or  Addison's  keloid  has  similar 
anatomical  characters,  but  occurs  in  localized  j^atches. 

In  the  more  diffuse  form  of  scleroderma  proper,  extensive  tracts  of  skin 
are  sometimes  involved,  such  as  the  greater  part  of  the  face,  the  arms, 
etc.  In  a  case  observed  by  the  author,  the  face,  chest,  and  both  fore- 
arms and  hands  were  affected,  and  dry  gangrene  had  occurred  in  the 
fingers,  which  had  a  stiff  black  appearance. 

The  nature  of  these  affections  is  not  quite  determined,  but  many  facts  point  to  a 
nervous  origin.  There  is  the  symmetrical  character  of  the  lesion  and  its  wide 
distribution,  as  well  as  the  fact  that  lesions  of  the  sympathetic  have  been  believed 
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to  give  rise  to  it.  The  lesions,  consisting  of  a  slow  increase  of  the  connective  tissue 
■with  atrophy  of  the  special  structures,  resemble  those  which  occur  in  muscles  as  a 
result  of  severance  from  their  trophic  centres  (see  p.  635). 

In  its  anatomical  details  the  skin  in  both  forms  presents  characters 
which  may  be  summarized  as  atrophy  with  chronic  inflammation.  The 
papillse  are  mostly  flattened,  and  the  cutis  thinner  than  normal ;  it  is 
composed  also  of  more  homogeneous  connective  tissue  than  usual,  having 
somewhat  the  characters  of  cicatricial  tissue,  and  less  fibrous  than  that 
of  the  normal  skin.  This  condition  extends  somewhat  to  the  sub- 
cutaneous tissue  where  the  fat  is  to  a'  considerable  extent  atrophied,  ap- 
parently by  the  encroachment  of  the  connective  tissue.  The  hairs  are 
also  atrophied  in  the  affected  areas,  and  there  is  said  to  be  alopecia 
when  the  patches  extend  to  the  hairy  scalp.  The  evidence  of  chronic 
inflammation  is  the  existence  of  abundant  nuclei  in  the  altered  skin. 
These  are  usually  aggregated  around  the  blood-vessels,  but  they  are 
also  seen  around  sebaceous  glands  and  under  the  rete  Malpighii. 

Complete  recovery  seems  to  be  not  uncommon  in  this  disease, 
although  It  may  be  slow. 

Allied  to  scleroderma  in  the  general  characters  of  the  lesion  in  the 
skin  is  the  condition  commonly  designated  Sclerema  neonatorum.  In 
this  disease  the  skin,  usually  of  the  lower  extremities,  is  hard  and 
swollen,  so  that  movement  of  the  limbs  is  curtailed.  When  it  persists 
for  some  time  the  skin  may  be  like  parchment. 

Literature. — Hf^rpes — Picaud,  Des  eruptions  cutan.  consfic.  aux  lesions  traumat., 
1876  ;  Mitchell,  Injuries  of  nerves,  etc.,  1872  ;  Babenspbung,  Charit6-Annalen,  ix., 
1863 ;  Kaposi,  Hautkrankh,  1882 ;  Chaecot,  Dis.  of  nerv.  syst.,  i.  (Syd.  Soc),  1877. 
Glossy  skin — Paget,  Med.  Times  and  Gazette,  i.,  1864 ;  Mitchell,  1.  c.  Scleroderma 
— Hilton  Fagge,  Guy's  Hosp.  Eep.,  1867,  xv.  187 ;  Chluji  and  Mader,  Viertel- 
jahrschr.  f.  Dermat  u.  Syph.,  1878 ;  Hutchinson,  Lect.  on  clin.  surg.,  1878 ; 
Schwimmer,  Die  neuropath.  Dermatosen,  1883 ;  M'Calman,  Glasg.  Med.  Jour.,  xvi., 
1881;  Steven,  ibid.,  xxvi.,  1886.  Addison's  Keloid — Addison,  Published  \\Titings 
(Syd.  Soc),  1869;  Hilton  Fagge,  1.  c. ;  Hutchinson,  1.  c. 

VI.— HYPERTEOPHIES  AND  TUMOUES  OF  THE  SKIN. 

Ichthyosis. — This  is  a  disease  which  apparently  owes  its  origin  to  a 
congenital  defect  in  the  constitution  of  the  skin.  The  disease  itself  is 
sometimes  manifest  at  birth,  but  if  not  it  begins  in  the  earlier  years 
of  life,  gradually  extends  over  the  whole  bodj'^,  and  continues  during 
life.    It  is  in  a  striking  manner  inherited  (see  p.  19). 

It  consists,  anatomically,  in  an  affection  of  the  epidermis,  which  is 
sometimes  greatly  thickened  and  irregular.  The  thickened  epidermis 
forms  scales  of  larger  or  smaller  size,  sometimes  pi'oducing  merely  a 
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furfuraceous  exfoliation,  but  in  more  severe  cases  giving  rise  to  large 
plates  like  fish  scales.  From  this  latter  appearance  the  name  of  the 
disease  is  derived.  The  scales  do  not  consist  entirely  of  epidermis,  but 
contain  sebaceous  material,  which  is  sometimes  so  abundant  as  to  give 
the  scales  a  polished  appearance  like  mother-of-pearl.  The  large  scales 
may  be  so  fixed  as  to  give  an  imbricated  appearance.  The  milder  forms 
of  the  disease,  in  which  there  is  little  more  than  an  excessive  scaliness 
of  the  surface,  are  often  included  under  the  designation  Ichthyosis 
simplex  or  Xeroderma,  while  the  more  severe  forms,  in  which  there  are 
prominent  scales,  are  distinguished  by  the  name  Ichthyosis  cornea  or 
Ichthyosis  hystrix. 

In  the  milder  forms  the  cutis  is  not  markedly  affected,  but  in  some 
cases  the  papillae  are  greatly  elongated.  The  substance  of  the  corium 
is  often  atrophied,  and  the  subcutaneous  fat  deficient. 

Callosity.— This  is  an  exaggeration  of  the  horny  epidermis  occurring 
where  the  parts  are  exposed  to  unusual  friction.  It  is  a  true  hyper- 
trophy, being  a  direct  provision  of  nature  to  protect  the  true  skin  from 
the  excessive  friction  to  which  it  is  exposed.  The  best  example  of  the 
callosity  is  in  the  horny  hands  of  workmen,  but  it  is  often  seen  in  the 
feet,  at  points  which  are  peculiarly  exposed  to  pressure. 

The  Corn  {clavus)  is  closely  related  to  the  callosity.  Here,  also, 
there  is  friction,  but  it  is  associated  with  compression.  It  occurs 
chiefly  in  the  foot  where  there  is  a  concentric  pressure  from  ill-fitting 
boots,  and  friction  against  either  the  boot  or  a  neighbouring  toe.' 
There  is,  as  in  the  former  case,  an  excessive  newformation  of  horny 
epidermis,  but,  by  the  concentric  pressure,  the  layers  of  epidermis 
have  their  directions  changed,  and  growing  against  each  other,  they  are 
projected  inwards  towards  the  cutis.  There  is  thus  an  ingrowing 
kernel  of  hard  horny  epidermis  which  has  given  rise  to  the  name  of 
corn.  The  cutis  is  irritated  and  undergoes  atrophy.  Around  the 
kernel  the  epidermis  is  always  thickened,  the  condition  being  like  that 
of  the  callosity. 

Common  wart.— This  may  be  variously  regarded  either  as  a  tumour 
or  a  hypertrophy  of  the  skin.  The  soft  warts  have  distinctly  the  char- 
acters of  tumours,  presenting  specialities  of  structure  and  growth  which 
entitle  them  to  that  designation  (see  below).  But  the  common  wart, 
consisting  for  the  most  part  of  a  local  exaggeration  of  the  normal  struc- 
tures and  occurring  in  numbers  in  the  same  person,  has  more  doubtfidly 
the  characters  which  we  ascribe  to  a  morbid  growth.  A  group  of 
papillse  are  elongated,  and  the  epidermis,  over  them  thickened,  so  that^ 
the  characters  are  those  of  a  hard  papilloma.  The  Horn  is  of  similar 
structure  to  the  wart,  but  the  papillse  are  usually  more  elongated. 
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while  the  horny  layer  of  the  epidermis  is  compacted  into  a  more  con- 
sistent mass  which  forms  a  prominent  outgrowth. 

Soft  warts  and  Pigmented  moles  (Ncevi  pigmentosi). — These  are  very 
often  congenital,  or  they  occur  very  early  in  life,  and  usually  remain 
stationary  throughout  life.  They  are  smaller  or  larger  elevations  of 
the  skin,  either  colourless  or  pigmented,  and  frequently  beset  ynth.  hairs. 
Many  of  them  present  a  somewhat  peculiar  structure,  as  sho'mi  in  figure 


Fig.  357.— Section  of  a  soft  wart.  It  is  covered  with  epidermis  and  consists  of  a  very  cellular 
tissue.    The  cells  were  spindle-shaped.    To  the  left  a  haii--follicle  and  sebaceous  gland. 


357,  especially  considering  that  they  exist  unchanged  for  many  years. 
They  are  covered  by  epidermis  which  shows  little  difi'erence  from  the- 
normal.  But  instead  of  the  normal  tissue  of  the  cutis  beneath  the 
epidermis  there  are  masses  of  cells  separated  by  connective  tissue. 
The  cells  in  these  nests  are  usually  large  and  resemble  large  sarco- 
matous cells.  The  presumption  is  that  these  structures  are  really 
survivals  of  the  foetal  condition,  and  their  importance  in  relation  to 
tumours  has  already  been  referred  to  at  p.  220.  In  their  structure  it 
will  be  observed  that  these  warts  are  mvich  more  like  tumours  than  the 
ordinary  warts,  and  that  their  tissue  conforms  to  that  of  the  cellular 
tumours,  probably  the  sarcomas.  Sometimes  a  soft  wart  is  composed 
of  a  mass  of  adipose  tissue  covered  by  epidermis. 

True  keloid. — This  is  an  elevation  of  the  skin  which  has  in  its  mar- 
ginal parts  branching  processes  extending  out.  There  is  evidently  con- 
siderable contraction  and  dragging  produced  by  the  central  tumoiu- 
and  the  radiating  processes,  so  that  the  sldn  is  puckered  around  as- 
in  the  case  of  a  contracting  cicatrix.  The  lesion  has  many  of  the 
characters  of  a  definite  tumour.  It  is  composed,  in  the  fully  developed 
state,  of  dense  connective  tissue  which  may  be  unduly  cellular.  The- 
newformation  has  its  seat  in  the  deeper  layers  of  the  cutis,  and  it  is. 
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stated  ,  that  the  papillary  layer  is  intact.  In  the  earlier  stages  it 
V. consists  mainly  of  spindle  cells,  and  Virchow  therefore  regarded  it  as  a 
; sarcoma.  The  analogy  to  the  sarcoma  is  supported  by  the  fact  that 
tthe  tumour  recurs  on  removal.  The  most  common  site  of  keloid  is  the 
tfront  or  back  of  the  chest,  but  it  is  found  in  other  parts. 

The  name  False  keloid  is  sometimes  used  to  designate  a  condition 
twhich  occurs  in  Scars.  A  localized  thickening,  usually  in  the  midst  of 
'ia  large  cicatrix,  as  from  a  burn  or  an  ulcer,  presents  itself,  and  there 
are  raised  processes  passing  out  from  it  as  in  the  true  keloid. 

Molluscum  contag'iosum. — This  name  is  applied  to  little  growths 
( of  the  skin,  occurring  chiefly  on  the  face  and  showing  a  preference  for 
tthe  eyelids,  but  sometimes  extending  so  as  to  be  almost  universal  over 
tthe  body.  It  will  be  inferred  that  the  growths  are  multiple.  The 
;  individual  ones  have  been  compared  to  pearl  buttons,  which  they 
I  resemble  in  their  circular  shape  and  central  depression,  but  they  are 
I  usually  pink  in  colour.  There  is  considerable  elevation  of  the  little 
Lgrowth,  and,  although  generally  sessile,  it  sometimes  becomes  peduncu- 
ilated  and  may  even  drop  off. 

In  the  centre  of  the  elevation  a  depression  is  visible  which  is  prob- 
cably  the  orifice  of  a  sebaceous  gland,  and  the  tumour  seems  to  consist 
(of  an  enlarged  sebaceous  gland.    A  section  (see  Fig.  358)  shows  the 


Fig.  358.— MolluBCvim  contagiosum.    It  forms  a  flat  elevation  as  shown  by  the  position  of  the 
<  epidermic  surface  on  either  side.     The  tumour  is  probably  an  enlarged  sebaceous  gland  whose 
orifice  at  a  is  open,     x  20  e  i 


'exaggerated  lobules  of  the  gland,  while  within  there  is  an  irregular 
■cavity  containing  a  white  material  which  sends  prolongations  into 
:the  gland  lobules.  The  lobules  of  the  gland  consist  of  epithelium, 
tthe  peripheral  cells  of  which  are  cylindrical.  In  the  midst  of  the 
ssebaceous  material  are  found  peculiar  glancing  bodies  (see  figure)  com- 
;  pared  to  swollen  starch  granules.  Several  authors  deny  the  origin  from 
jsebaceous  glands,  ascribing  it  rather  to  the  Mali^ighian  layer  of  the 
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epidermis,  the  virus  being  introduced  by  the  hair  follicles  (see  especially 
Thin). 

The  disease  depends  on  some  virus,  and,  as  the  name  implies,  it  is 
contagious.  It  generally  occurs  in  groups  in  the  same  person,  as  if 
spreading,  and  several  members  of  the  same  family,  or  several  persons 
living  together,  are  usually  affected  simultaneously.  It  is  usually  seen 
in  children,  but  occurs  also  in  adults. 

Fibroma  molluscum. — This  condition  is  to  be  carefully  distinguished 
from  that  just  mentioned.    It  has  been  described  at  p.  227. 

Small  Fibromas  have  been  frequently  observed  in  the  skin  in  rheu- 
matic cases,  especially  in  children.  They  are  usually  temporary.  Larger 
tumours  have  been  observed  associated  with  rheumatism  in  adults. 

Xanthoma  or  Xanthelasma. — This  name  is  applied  to  slight  elevations 
of  the  skin  of  a  yellowish  colour.  They  occur  mostly  on  the  eyelids, 
where  they  appear  as  firm  yellow  patches,  which  are  usually  quite  flat, 
but  may  be  slightly  tuberculated.  They  consist  of  firm  connective  tissue 
in  which  finely  divided  fat  granules  are  abundantly  present.  The  latter 
give  the  opaque  yellow  character  to  the  lesion. 

Of  the  remaining  simple-tissue  tumours,  the  Lipoma  is  common,  origin- 
ating in  the  subcutaneous  tissue.  The  Myxoma  is  not  infrequent,  and 
the  Enchondroma  and  Osteoma  very  unusual.  The  Angioma  of  the  skin 
is  common  as  the  congenital  naevus  (see  p.  242). 

Sarcoma. — This  form  of  tumour  is  of  somewhat  frequent  occurrence, 
and  we  may  have  round-celled  or  spindle-celled  growths,  which  some- 
times assume  considerable  dimensions.  Sarcomas  sometimes  originate 
from  soft  warts  or  moles,  and  when  they  do  so  they  frequently  present 
a  similar  structure  to  that  described  above,  namely  masses  of  large 
round  cells  in  a  stroma.  To  this  form  the  name  Alveolar  Sarcoma 
is  applicable.  Sarcomas  originating  from  moles  are  peculiarly  apt  to  be 
pigmented. 

Sarcomas  rarely  occur  as  secondary  tumours  in  the  skin,  but  a  case  is 
known  to  the  author  where  multiple  tumours  composed  of  round-celled 
tissue  formed  at  intervals  in  the  subcutaneous  -tissue  and  some  of  them 
disappeared.  These  were  either  round-celled  sarcomas  or  malignant 
lymphomas. 

Cancers.— The  Epithelioma  of  the  skin  forms  the  majority  of  the  flat-' 
celled  epitheliomas,  and  it  has  been  already  considered  at  p.  269. 

The  two  most  interesting  forms  are  the  ordinary  flat  celled  epithelioma 
and  the  rodent  ulcer.  The  former  is  met  with  most  frequently  in  the 
lower  lip,  but  also  occurs  not  uncommonly  in  the  penis  and  scrotum.  In 
the  last-mentioned  scat  it  appears  to  occur  with  special  frequency  in 
chimney-sweepers  and  in  workers  in  paraffin-refineries.     The  rodent 
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ulcer  occurs  in  the  face,  especially  on  the  eyelids  and  side  of  nose.  (See 
p.  270  and  Fig.  93.) 

Ordinary  cancer  is  of  rare  occurrence  in  the  skin,  but  cases  have  been 
observed  to  which  the  names  scirrhus  and  soft  cancer  have  been  given. 
Pigmented  cancers  are  of  occasional  occurrence,  and  they  are  of  im- 
portance on  account  of  their  tendency  to  form  secondary  tumours,  first 
in  the  lymphatic  glands  and  then  throughout  the  body.  They  are,  how- 
ever, much  less  frequent  than  melanotic  sarcomas  with  which  they  are 
apt  to  be  confused. 

Literature.— /c7ii!%o.sis—JAHN,  Ichthyosis  congenita,  1869;  Kyber,  Wien.  med. 
Jahrb.,  1880;  Hilton  Fagge,  Guy's  Hosp.  Eep.,  xv.,  1869;  Esoff,  Virch.  Arch., 
Ixix.,  1877.  Keloid— kLm^ui,  Malad.  de  lapeau,  1814;  Virchow,  Geschwulste,  ii. ;' 
Neelsen,  Langenbeck's  Arch.,  xxiv.;  Langans,  Virch.  Arch.,  xl.,  1866.  Molluscum 
contarjiomim—Ymcsov:,  Virch.  Arch.,  xxxiii.,  1865 ;  Thin,  Jour,  of  Anat.  and  Phys  . 
xvi.,  1881.  .  J  ' 


Vn.— PAEASITIG  DISEASES  OF  THE  SKIN. 

We  have  already  seen  that  certain  forms  of  inflammation  are  associ- 
ated with  the  presence  of  microbes,  especially  the  infective  inflamma- 
tions. We  saw  also  that  leprosy  depends  on  a  specific  bacillus.  These 
do  not  require  further  treatment  here. 

Tungi  are  present  in  three  forms  in  tlie  skin. 

1.  Tinea  favosa  or  Favus.— This  is  a  disease  chiefly  of  the  hairy  scalp, 
although  it  occurs  on  other  parts  of  the  skin  and  also  in  the  nails.  On 
the  scalp  it  forms  crusts  about  the  size  of  split  peas,  which,  when  re- 
moved, are  usually  seen  to  be  somewhat  cup-shaped,  the  convexity  of 
the  cup  being  next  the  skin,  the  latter  presenting  a  corresponding  de- 
pression. If  the  cups,  which  have  a  characteristic  saff"ron-yellow  colour, 
be  divided  with  a  knife  they 
are  seen  to  have  a  porous  ap-  ^ 
pearance,  the  interstices  being 
filled  with  air,  and  they  are 
.brittle,  so  that  they  can  easily 
be  broken  down  in  water. 

The  crusts  are  formed  of  fun- 
gus along  with  epidermic  scales 
and  their  debris.  The  fungus 
is  the  Achorion  Schoenleinii, 
in  the  form  for  the  most  part 
ot  short  tubes  (Fig.  369)  with  shown,  x  350. 
rows  of  conidia  spores.  The  proper  mycelium  is  not  jointed,  but  the 
receptacula  are.    The  fungus  appears  to  begin  its  growth  in  the  hair 


Fig.  359.— Tho  fungus  ill  favua.   Short  threads  are 
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follicles,  enveloping  the  hair  and  passing  into  it.  It  also  passes  into  the 
hair  sheath  and  epidermis  around,  separating  the  cells  and  destroying 
them.  It  has  its  seat  thus  in  the  first  instance  beneath  the  horny  layer 
which  may  be  continuous  over  it.  It  does  not  invade  the  true  skin, 
but  the  crust  may  cause  inflammation  around  which  may  go  on  to  sup- 
puration and  ulceration.  As  a  rule,  however,  it  only  affects  the  epi- 
dermic structures,  the  hairs  being  largely  destroyed  where  the  crusts  are 
developed. 

When  it  attacks  the  nail,  it  forms  a  yellow  crust,  the  tissue  of  the 
nail  being  opened  out  and  softened  by  the  fungus  penetrating  between 
the  horny  cells. 

2.  Tinea  tonsurans  or  Eingworm. — This  is  also  a  disease  chiefly 
of  the  scalp,  but  the  same  fungus  attacks  the  beard  and  the  parts  of 
the  body  devoid  of  hair.  The  disease  is  therefore  divisible  into  three 
forms.  Tinea  tonsurans  proper.  Tinea  sycosis,  and  Tinea  marginata. 

The  fungus,  called  the  Trichophyton  tonsurans,  is  chiefly  in  the  form 
of  spores  (see  Fig.  112,  p.  319),  which  infiltrate  the  hair  and  its  sheath, 
as  well  as,  to  a  less  extent,  the  epidermis  around.  The  mycelium  is  only 
represented  by  short  threads.  The  hair  shaft  is  greatly  penetrated  by 
the  spores,  which  break  it  up. 

3.  Pityriasis  versicolor. — In  this  disease  there  are  patches  of  a 

yellowish  or  dark  brown  colour  with 
a  scaly  surface,  and  occurring  chiefly 
on  the  trunk  in  adults.  K  the  sur- 
face be  scraped  and  the  scaly  pro- 
ducts examined  under  the  microscope 
(best  with  the  addition  of  liquor 
potasses,  both  in  this  case  and  the 
others),  there  wiU  be  found  epidermic 
cells  Avith  the  elements  of  a  fungus, 
the  Microsporon  furfur.    There  are 

Fiff.  360. — Fungus  in  pityriasis  versicolor.  ,        •,      ,  -i.         i.i  ,„,J„ 

Threads  are  seen  with  groups  of  spores,  x  500.  usually  abundant  mj^celium  tuieaas, 
(DuHBiNG.)  spores  are  in  rounded  masses 

which  have  been  compared  to  bunches  of  grapes  (see  Fig.  360). 


Of  the  lesions  due  to  Animal  parasites  the  most  important  is 
scabies. 

Scabies. — This  disease  is  characterized  by  the  formation  of  papules, 
vesicles,  pustules,  and  other  signs  of  inflammation  due  to  the  effects  of 
the  Acarus  scabiei  or  Sarcoptes  hominis  (see  p.  345).  The  female  of 
this  insect  penetrates  into  the  substance  of  the  epidermis  forming 
tunnels  there. 
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The  inflammatory  conditions  are  the  result  partly  of  the  irritation  of 
the  acarus  and  its  embryoes,  which,  as  they  develop  from  the  ova,  begin 
to  travel  along  the  tunnels,  and  partly  the  eff"ect  of  the  scratching  in- 
duced by  the  itching.  The  primary  lesion  is  a  papule  on  which  a 
minute  furrow  is  visible  to  the  naked  eye.  The  papule  is  produced  by 
the  opening  up  of  the  epidermis  and  swelling  of  the  papillary  layer, 
which  is  infiltrated  with  serous  fluid  and  round  cells.  Vesicles  and 
pustules  are  produced  when  the  inflammation  is  more  severe,  and  are 
met  with  chiefly  in  children  and  persons  with  delicate  skins. 

The  Acarus  folliculorum  is  a  parasite  sometimes  met  with  in  the 
sebaceous  follicles  (p.  346). 

The  Parasitic  Insects  are  referred  to  at  p.  346. 

The  Larvae  of  insects  are  occasionally  met  with  in  the  skin.  The 
ova  are  deposited  in  the  skin,  and  the  larvae,  having  developed,  may 
traverse  the  skin  and  subcutaneous  tissue  for  a  considerable  distance 
till  they  present  at  some  part  and  are  squeezed  out  or  extracted.  They 
may  produce  considerable  inflammations  in  the  form  of  boils  or 
swellina;s. 


944 


SECTION  XI. 

DISEASES  OF  THE  EYE  AND  EAR 

A.  — The  Eye.    I.  The  Conjunctiva,  chiefly  Inflammations,  caiaiThcd,  purulent 

and  infective  [granular  conjunctivitis).  II.  The  Coknea.  1.  Retrograde  changes 
(arcus  senilis,  conical  cornea);  2.  Inflammations,  sometimes  with  vascularizaliov 
of  cornea,  P annus  ;  may  lead  to  Ulcers  and  Staphyloma.  III.  The  Sclekotic. 
IV.  The  Iris.  Various  forms  of  Inflammation,  serous,  fibrinous,  purident. 
Syphilis  and  Tuberculosis.  V.  Ciliary  body  and  choroid.  Inflammations. 
VI.  Lens.  Forms  of  Cataract.  VII.  Optic  nerve  and  Eetina.  1.  Optic 
neuritis  and  choked  disc;  atrojjhy  of  optic  nerve.  2.  Retinitis  albuminuric,  and 
pigmentary;  3.  Embolism  of  retinal  artery;  4.  Detachment  of  retina.  VIII. 
Affections  of  eye  as  a  whole.  1.  Symjjathetic  ophthalmitis ;  2.  Glaucoma; 
3.  Errors  of  accommodation ;  4.  Tumours,  chiefly  sarcoma  and  glioma;  5. 
Parasites. 

B.  — The  Ear.    I.  External  Ear.  1.  The  auricle,  chiefly  hcematoma;  2.  External 

auditory  canal ;  inflammations  and  foreign  bodies  ;  3.  Tympanic  membrane. 
II.  Middle  Ear.  Structure.  1 .  Inflammations  ;  chronic,  leading  to  adhesions 
and  sclerosis ;  acute  suppurative,  causing  perforation  of  the  membrana ;  and 
chronic  suppurative,  leading  to  polypi,  caries  and  necrosis,  sujjpurations  of  brain, 
membranes,  etc. ;  2.  Syphilis  and  tubercidosis ;  3.  Sebaceous  tumours.  III. 
Internal  Ear,  subject  to  inflammations,  etc.,  chiefly  by  extension  from  middle 
ear  or  brain.    M6niire's  disease  and  deaf-mutism. 

A.— THE  EYE. 

rpHE  eye,  -wath  its  appendages,  composed  of  a  number  of  separate 
tissues  delicately  adjusted  to  the  requirements  of  vision,  is  liable 
to  the  usual  pathological  changes.  From  the  facility  with  which  it  is 
observed,  slight  differences  in  the  appearances  produced  are  readily 
appreciated  and  hence  a  considerable  degree  of  complication  exists  in 
the  nomenclature  of  affections  of  the  eye. 

I.  Affections  of  the  conjunctiva. — The  conjunctiva  is  liable  to  the 
various  lesions  of  mucous  membranes,  the  chief  being  inflammation. 

Conjunctivitis. — The  irritant  exciting  to  inflammation  of  the  con- 
junctiva may  be  a  very  simple  one,  such  as  dust  or  cold,  but  in  such 
cases  the  inflammation  is  usually  slight  and  evanescent,  being  character- 
ized by  little  more  than  Hypersemia,  with  more  or  less  serous  exudation. 


AFFECTIONS  OF  THE  CONJUNCTIVA.  945 

In  most  cases  of  conjunctivitis,  however,  the  irritant  is  a  morbid  poison 
and  the  disease  is  contracted  hy  contagion.  ' 

In  ordinary  Catarrhal  conjunctivitis,  the  exact  nature  of  the  irritant 
IS  not  determined,  but  most  if  not  all  cases  are  contagious.  The  disease 
IS  characterized  by  hypersemia  eventuating  in  a  mucous  or  muco-puru- 
lent  exudation. 

Purulent  conjunctivitis  {Fundent  ophthalmia)  is  due  to  a  pyogenic 
mici-obe.  This  is,  in  a  large  proportion  of  cases,  the  gonococcus,  so  that 
the  term  Gonorrheal  ophthalmia  is  nearly  equivalent  to  purulent  con- 
junctivitis in  the  adult.  A  purulent  conjunctivitis  occurring  in  new- 
born children,  and  hence  called  Ophthalmia  neonatorum,  is  generallv 
due  to  infection  from  the  maternal  parts  during  parturition.  In  this 
form  microbes  have  been  observed,  in  most  cases  the  gonococcus,  but 
there  is  still  some  doubt  whether  this  be  so  in  all  cases. 

The  pyogenic  virus  in  purulent  conjunctivitis  induces  a  violent  in- 
flammation rapidly  passing  on  to  suppuration  and,  if  neglected,  some- 
times leading  to  necrosis  and  ulceration  of  the  cornea 

Granular  conjunctivitis  or  Trachoma  is  a  more  chronic  inflammation 
of  the  conjunctiva  which  is  also  due  to  a  specific  virus,  which  Sattler 
asserts  to  be  a  micrococcus,  but  this  is  not  absolutely  determined  The 
disease  is  contagious,  occurring  sometimes  in  schools  and  in  armies 
Ji^gyptian  ophthalmia  was  a  form  observed  in  the  French  army  in 
Egypt,  and  introduced  by  it  into  France  and  thence  into  this  countrv 
While  due  to  a  special  virus,  the  disease  occurs  chiefly  in  unhealthv 
persons,  and  is  hence  most  prevalent  amongst  the  poor 

The  lesion  is  in  some  respects  like  that  in  the  specific  newformations 
such  as  tubercle  or  framboesia.   There  is  a  localized  formation  of  round- 
celled  tissue  in  a  delicate  reticulated  meshwork,  so  that  it  resembles 
lymphatic  gland  tissue.    These  newformations  are  usually  defined  and 
appear  as  if  surrounded  by  a  distinct  capsule,  in  this  respect  also  resem- 
bling lymphoid  follicles.    There  seems  little  tendency  towards  further 
development  of  this  tissue,  but  the  follicles  frequently  burst  and  dis- 
charge on  the  surface.    These  lesions  are  accompanied  by  catarrh,  and 
by  their  mere  presence,  especially  when  on  the  conjunctiva  of  the 
upper  lids,  they  often  produce  considerable  irritation  of  the  cornea 
which  also  becomes  infected  by  the  disease.    In  the  more  chronic  forms 
the  conjunctiva  may  be  indurated  by  cicatricial  newformation,  and 
this  IS  accompanied  by  atrophy  of  the  lymphoid  masses.  Localized 
amyloid  degeneration  sometimes  occurs  in  the  new-formed  follicles  in 
trachoma,  this  fact  also  tending  to  associate  the  aff-ection  with  the 
specific  newformations.    The  amyloid  condition  is  found  in  the  colls  and 
fibres,  but  not  in  the  vessels  (Leber). 

3  o 
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Tuberculosis  is  of  very  rare  occurrence  in  the  conjunctiva. 

Diphtheritic  conjunctivitis  is  a  rare  condition  occurring  along  with 
diphtheria  in  the  throat.  There  is  necrosis,  ulceration,  and  violent  in- 
flammation. Diphtheritic  conjunctivitis  has  also  been  observed  as  an 
epidemic  altogether  apart  from  ordinary  diphtheria,  especially  in  certain 
northern  lands.  The  virus  in  this  case  is  not  that  of  diphtheria,  but 
produces  similar  effects. 

II.  Affections  of  the  cornea. — The  corneal  epithelium  is  usually 
affected  in  the  various  inflammations  of  the  conjunctiva,  being  exposed 
to  the  same  irritations.  Its  peculiar  structure,  and  especially  the  absence 
of  vessels,  render  it  somewhat  liable  to  necrosis  and  ulceration. 

1.  Retrograde  changes  in  the  cornea. — A  very  common  lesion  is 
Arcus  senilis,  which  sometimes  comes  on  in  middle  life  rather  than  in 
old  age.  It  consists  in  a  fatty  degeneration  of  the  cells  and  fibres  of  the 
cornea  along  a  defined  line  near  the  periphery  of  the  cornea,  but  still 
separated  from  the  edge  by  a  line  of  unaffected  tissue. 

The  term  Conical  cornea  or  Keratoconus  is  ajDplied  to  a  condition  in 
which,  on  account  of  weakness  in  the  central  parts  of  the  cornea,  the 
pressure  from  within  the  bulb  of  the  eye  forces  out  this  part  and  so 
renders  the  cornea  conical.  The  central  part  being  furthest  removed 
from  the  source  of  nutrition  most  readily  suffers  when  the  general  con- 
dition of  the  body  is  reduced,  and  so  yields. 

2.  Inflammations  of  the  cornea.— The  cornea,  although  non-vasculai-, 
is  subject  to  inflammations  even  of  an  acute  suppurative  character.  The 
inflammatory  exudation  passes  into  the  canals  and  spaces  -nath  which 
the  cornea  abounds,  and  by  its  presence  produces  a  clouded  or  opaque 
condition. 

The  cornea  takes  part  in  the  acute  inflammations  of  the  conjunctiva, 
being  liable  to  suppuration,  softening,  and  sloughing.  In  addition, 
chronic  inflammations  begin  external  to,  or  arise  in  the  cornea  itself, 
some  of  them  being  due  to  direct  irritation,  and  some  to  the  presence  of 
ulcers. 

Vascularization  of  the  cornea  is  a  frequent  result  of  chronic  inflam- 
mation. It  frequently  occurs  in  the  upper  part  in  cases  of  granular 
conjunctivitis,  in  which  case  it  is  ascribed  to  the  irritation  of  the  rough 
conjunctiva  rubbing  against  the  cornea.  The  superficial  layers  of  the 
cornea  become  the  seat  of  newformation  of  blood-vessels,  which  fre- 
quently cover  the  whole  surface.  This  condition  is  called  Pannus,  and 
it  is  generally  recovered  from  when  the  primary  affection  is  removed. 
A  more  profound  vascularization  occurs  in  some  cases  in  the  form  of 
localized  crescentic  areas  at  the  upper  and  lower  borders  of  the  cornea. 
This  form  has  been  ascribed  to  nervous  lesions.    Vascularization  also 
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not  infrequently  attends  ulcer  of  the  cornea,  a  fasciculus  of  vessels  run- 
ning in  from  the  border  to  the  ulcer. 

Interstitial  keratitis  is  a  name  given  to  cases  in  which  the  cornea 
assumes  an  opaque  appearance.  It  is  met  with  chiefly,  as  Hutchinson 
pointed  out,  amongst  persons  the  subject  of  Hereditary  syphilis  in 
whom  It  IS  associated  ^vith  a  special  condition  of  the  teeth  (see  p  705) 
The  cornea  has  in  the  milder  cases  an  appearance  compared  to  that  of 
ground  glass  The  actual  histological  condition  of  the  tissue  is  various 
ihere  may  be  simply  an  infiltration  of  inflammatory  products,  or  there 
may  be  more  profound  changes  in  the  tissue,  sometimes  even  a  kind  of 
cicatricial  condition. 

Herpes  sometimes  attacks  the  cornea  along  with  the  skin  in  the  course 
ot  one  of  the  branches  of  the  fifth  nerve  (Zona  ophthalmica).  The  erup- 
tion may  lead  to  an  ulcer  or  even  perforation  of  the  cornea 

Paralysis  of  the  fifth  nerve  also  leads  to  inflammation  and  ulceration 
ot  the  cornea  {Neuropathic  opMlialmia).  The  cornea  becomes  cloudy  and 
opaque  and  ulcers  form  which  may  perforate.  These  results  have  been 
variously  ascribed,  on  the  one  hand  to  the  anjBsthesia,  which  admits  of 
injuries  to  the  eye  and  exposes  it  to  the  presence  of  foreign  bodies  with- 
out their  being  felt,  and,  on  the  other  to  a  special  afi^ection  of  the  trophic 
nerves,  perhaps  an  irritation  like  that  which  occurs  in  herpes  If  the 
latter  be  the  correct  view  then  the  agent  which  has  produced  the 
paralysis  mil  irritate  the  nerve  stem  or  the  Gasserian  ganglion. 

Ulcers  of  the  cornea  arise,  as  indicated  in  the  remarks  made  above 
under  a  large  number  of  diff-erent  circumstances.    They  may  be  due  to 
injuries  or  to  inflammations  of  various  sorts.    Ulcers  heal  by  the  new- 
formation  of  connective  tissue,  which  fills  the  gap.    As  this  has  not  the 
structure  of  the  corneal  tissue  it  is  more  or  less  opaque,  and  appears  in 
the  clear  cornea  as  a  white  area.    These  areas,  being  weak,  are  liable  if 
large  and  central,  to  yield  before  the  pressure  within  and  form  a  bulging 
outwards,  a  condition  named  Staphyloma  of  the  cornea.    The  iris  is 
frequently  adherent  to  the  cicatrix  and  is  often  protruded  in  a  staphyloma 
HI.  AflFections  of  the  sclerotic.-The  sclerotic  is  a  dense  connective- 
tissue  membrane,  which,  on  account  of  the  paucity  of  vessels  and 
nerves,  and  from  its  well-protected  position,  is  little  liable  to  primary 
disease.    Inflammation  extends  from  the  conjunctiva  without,  but  more 
frequently  from  the  choroid  within,  and  may  cause  softening  so  as  to 
produce  a  staphyloma  of  the  sclerotic. 

IV.  Affections  of  the  iris.— The  iris  is  a  very  vascular  body  which 
hes  in  a  closed  cavity  occupied  by  the  aqueous  humour.  The  cavity  is 
lined  by  a  serous  membrane,  and  the  diseases  are  like  those  of  serous 
cavities. 
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Inflammation  occurs  in  the  iris  as  a  result  of  traumatic,  rheumatic, 
or  still  more  frequently  of  syphilitic  irritation.  The  inflammation  is 
usually  acute,  but  its  severity  varies.  Different  forms  have  been  de- 
scribed according  as  the  exudation  is  serous,  fibrinous,  or  purulent. 
Decemet's  membrane,  which  covers  the  posterior  surface  of  the  cornea, 
takes  part  in  the  inflammation.  Serous  iritis  is  the  mildest  form,  and 
leads  to  distension  of  the  anterior  chamber  by  the  accumulated  fluid. 
This  fluid  contains  leucocytes,  which  occasionally  render  it  somewhat 
turbid.  Fibrinous  iritis  (also  called  Plastic  iritis)  is  more  severe  and  is 
accompanied  by  a  fibrinous  exudation,  which  appears  most  commonly  at 
the  edge  of  the  pupil,  but  also  presents  itself  on  the  posterior  surface, 
and  sometimes  on  the  anterior.  The  exudation  fixes  the  iris  by  forming 
a  membrane  in  the  pupil,  or  more  commonly  by  gluing  it  to  the  lens. 
This  adhesion  to  the  lens  (called  Synechia)  is  a  serious  part  of  the  lesion, 
as  it  is  apt  to  become  permanent.  As  the  inflammation  progresses  the 
fibrinous  exudation  becomes  replaced  by  the  formative  cells  of  granula- 
tion tissue,  and  new-formed  blood-vessels  pass  into  it.  The  regular  de- 
velopment into  spindle-celled  tissue  and  connective  tissue  occurs,  and, 
just  as  in  the  case  of  the  pleura,  permanent  adhesions  are  the  con- 
sequence. Sometimes  the  new-formed  membrane  fills  the  pupil  and 
obscures  the  vision.  The  iris  itsetf  is  the  seat  of  newformation  of  con- 
nective tissue,  which  may  cause  considerable  atrophy  of  its  proper  tissue. 
On  the  other  hand,  hypertrophy  of  the  iris  sometimes  results.  Purulent 
iritis  is  more  severe.  It  causes  an  opening  out  and  softening  of  the 
tissue  of  the  iris,  while  the  anterior  chamber  is  filled  with  pus. 

Inflammations  of  the  iris  are  liable  to  extend  to  the  ciliary  body  and 
choroid  (Irido-choroiditis). 

Syphilis  has  already  been  mentioned  as  a  cause  of  iritis.  It  is  so  in 
the  secondary  stage,  producing  an  acute  inflammation  usually  of  the 
fibrinous  kind.  A  formation  of  gummata  is  an  exceedingly  rare  occur- 
rence. 

Tuberculosis  of  the  iris  is  also  rare,  but  it  is  stated  that  the  condition 
called  Granuloma  is  really  a  tuberculosis.  There  is  inflammation  mth 
development  of  tubercles. 

V.  Aifections  of  the  ciliary  body  and  choroid.— The  ciliary  body  is 
highly  vascular,  and  is  engaged  in  the  secretion  of  the  humom's  of  the 
eye.  Being  very  active  it  is  peculiarly  liable  to  acute  inflammations, 
more  especially  as  it  is  related  anatomically  both  to  iris  and  choroid,  and 
is  apt  to  partake  in  the  inflammations  of  either. 

The  choroid  is  also  a  vascular  structure,  containing  a  layer  of  pigment 
cells  on  its  inner  or  retinal  surface.  Inflammation  of  it  is  not  usually 
acute,  except  in  sympathetic  ophthalmia  (see  further  on),  and,  when 
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chronic,  it  causes  disturbances  of  the  pigment,  Avhich  produce  alterations 
in  the  ophthalmoscopic  appearances.  Sometimes  a  formation  of  true  bone 
occurs  in  the  choroid  in  chronic  inflammation. 

VI.  Affections  of  the  lens— The  only  affection  of  the  lens  requiring 
special  notice  is  Cataract.  This  consists  in  an  opacity  of  the  lens  or  its 
capsule,  such  as  to  interfere  with  vision.  It  sometimes  occurs  as  a  con- 
genital affection,  the  lens  being  imperfectly  formed.  It  is  most  fre- 
quently a  senile  change,  but  it  also  occurs  as  a  result  of  injury  and  is  an 
occasional  consequence  of  diabetes. 

At  birth  the  lens  is  soft  throughout,  but  as  years  go  on  the  centre  be- 
comes dense,  so  as  to  form  a  hard  nucleus  while  the  periphery  remains 
soft.  The  hard  nucleus  is  not  liable  to  change,  but  the  soft  cortex  may 
imdergo  alterations.  These  consist  in  a  formation  of  fat  amongst  the 
fibres  which  constitute  the  lens,  and  the  loosening  and  separation  of 
these  fibres.  The  process  goes  on  till  sometimes  the  affected  part  of  the 
lens  consists  of  a  detritus  in  which  are  fat,  cholestearine  and  remains  of 
fibres.  ^  The  dense  nucleus  may  sink  down  in  this  softened  substance. 
In  senile  cataract  there  is  always  the  dense  nucleus,  which  may  be  of 
considerable  bulk. 

In  Capsular  cataract  the  epithelial  cells,  which  line  the  capsule, 
undergo  changes,  which  may  be  spontaneous  or  the  result  of  inflamma- 
tion. They  multiply  and  cause  opacity  by  their  abundance  and  by  retro- 
grade changes  to  which  they  are  liable. 

VII.  Affections  of  the  optic  nerve  and  retina.— These  parts  form 
really  a  prolongation  outwards  of  the  cerebrum,  and  are  surrounded  by 
processes  from  the  membranes  of  the  brain.    The  dura  mater  forms  a 
sheath  around  the  nerve  as  it  passes  to  the  eyeball.   This  sheath  is  com- 
posed of  dense  connective  tissue,  and  is  continuous  with  the  sclerotic, 
which  is  composed  of  similar  tissue.    Within  this  sheath  the  arachnoid 
is  continued  as  a  loose  covering  as  far  as  the  eyeball,  where  also  it  be- 
comes continuous  with  the  sclerotic.    The  pia  mater  closely  invests  the 
nerve  and  sends  processes  amongst  its  fibres.    Between  the  external 
sheath  or  dura  mater  and  the  optic  nerve  there  are  lymphatic  spaces 
continuous  with  those  of  the  soft  membranes.    The  nerve  itself  is  com- 
posed of  medullated  nerve  fibres  running  in  bundles  and  enclosed  in 
connective  tissue.   On  reaching  the  eyeball  the  nerve  bundles  jjierce  the 
sclerotic,  which  here  forms  a  perforated  membrane  {Lamina  crihrosa).  At 
the  same  time  they  lose  their  medullary  sheath  and  are  distributed  as 
non-medullated  fibres  inside  the  globe.    From  the  optic  nerve  entrance, 
which  forms  a  round  disc,  the  fibres  radiate  outwards  around  the  eyeball 
where  they  are  in  contact  with  the  vitreous.   They  are  very  transparent, 
as  the  rays  of  light  require  to  penetrate  them  in  order  to  reach  the  rods 
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and  cones  whicli  are  on  their  outer  surface.  The  nerve  fibres,  with  the 
rods  and  cones  and  the  granular  layers  constitute  the  retina. 

1.  (Edema  and  Inflammation  of  the  optic  nerve  {Optic  neihtitis, 
Choked  disc). — A  series  of  lesions  is  included  here,  concerning  whose 
pathology  some  questions  still  remain  unanswered.  Affections  of  the 
o^Jtic  nerve  are  frequent  in  consequence  of  tumours  of  the  brain,  and 
these  have  partly  the  characters  of  a  simple  oedema  and  partly  those  of 
inflammation.  Tumours  of  the  brain  produce  these  changes  whatever 
may  be  their  seat.  Inflammations  of  the  membranes  affect  the  optic 
nerve  less  frequentl}'-.  There  are  also  inflammations  of  the  nerve  of 
obscure  origin. 

Tumours  of  the  brain,  and  other  lesions  which  lead  to  increased  intra- 
cranial pressure,  produce  oedema  of  the  sheath  of  the  nerve  with  interstitial 
inflammation.  The  oedema  of  the  sheath  is  accompanied  by  swelling  of 
the  intraocular  termination  of  the  nerve  from  venous  hypersemia  and 
oedema.  It  is  this  oedema  and  engorgement  which  is  called  Choked  disc. 
It  is  difficult  to  explain  why  tumours  of  the  brain  should  produce  this 
effect,  but  it  seems  likely  that  by  increasing  the  intracranial  pressure  they 
obstruct  the  passage  of  the  lymphatic  fluid  in  the  spaces  around  the 
nerve.  The  retained  fluid  is  perhaps  specially  irritating,  and  induces  a 
chronic  interstitial  inflammation. 

"Whether  originating  in  tumour  of  the  brain  or  not,  an  interstitial  in- 
flammation of  the  optic  nerve  leads  to  sclerosis  with  atrophy  of  the 
proper  nervous  elements. 

Atrophy  of  the  optic  nerve  arises  in  the  manner  just  mentioned  in 
cases  of  neuritis.  It  may  arise  also  in  Locomotor  ataxia,  by  a  similai- 
process  to  that  occurring  in  the  cord  in  that  disease,  namely,  a  sclerosis 
characterized  by  increase  of  the  connective  tissue  and  atrophy  of  the 
nerve  fibres.  These  changes  are  seen  by  the  aid  of  the  ophthalmoscope 
chiefly  in  the  form  of  an  abnormal  whiteness  of  the  optic  disc. 

2.  Inflammation  of  the  retina  {Retinitis). — This  afl'ection  occui's  in 
various  forms,  the  most  familiar  of  which  is  Albuminuric  retinitis. 
This  afl'ection  consists  of  a  chronic  inflammation,  apparently  commencing 
in  the  arteries  and  accompanied  by  haemorrhages  and  degenerations  of 
the  retinal  and  choroid  tissue.  The  affection  of  the  arteries  consists  in 
an  inflammatory  thickening  or  sclerosis  of  their  wall,  with  diminution 
in  their  calibre. .  The  haemorrhages  ax^e  mostly  in  the  superficial  fibrous 
layer  of  the  retina.  Pale  white  spots  and  streaks  in  the  region  of  the 
macula  are  very  characteristic  of  the  condition,  and  these  arise  chiefly 
by  fatty  degeneration.  The  hsemorrhagic  spots  may  become  Avhite,  but 
many  spots  are  Avhite  from  the  first  and  not  ha3morrhagic. 

The  aflfectioi;  of  the  retina  occurs  in  cases  of  chronic  Bright's  disease. 
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and  its  occurrence  lends  weight  to  the  view  that  this  disease  is  a  general 
one  affecting  the  blood-vessels  throughout  the  body,  and  not  specially 
those  of  the  kidney.  The  argument  is  somewhat  invalidated,  however, 
by  the  circumstance  that  diabetes,  lead-poisoning,  etc.,  sometimes  induce 
a  retinitis  essentially  similar  to  the  albumiiuiric  form.  It  would  seem  that 
a  grave  alteration  of  the  blood  is  the  cause  of  the  affection  of  the  retina. 

Pigmentary  retinitis  (Eetinilis  pigmentosa)  is  a  form  in  which  the 
choroid  is  involved  along  with  the  retina.  It  is  a  chronic  inflammation 
or  sclerosis,  and  the  pigment  cells  seem  to  undergo  local  enlargement 
and  increase  so  as  to  project  into  the  retina  and  form  dark  patches. 
These  patches  follow  the  lines  of  the  vessels. 

3.  Embolism  of  the  retinal  artery.— The  central  artery  of  the  retina 
enters  the  eyeball  in  the  middle  of  the  optic  nerve  and  then  divides 
into  branches  which  radiate  from  this  centre.  The  artery  is  a  branch 
of  the  anterior  cerebral,  and  it  and  its  branches  are  end-arteries.  Em- 
bolism generally  occurs  in  consequence  of  valvular  disease  of  the  heart. 
There  is  sudden  blindness,  which  is  usually  permanent  to  the  extent  of 
the  distribution  of  the  occluded  artery.  The  retina  in  the  area  affected 
undergoes  necrosis  and  softening,  this  process  being  sometimes  accom- 
panied by  haemorrhage  (see  p.  77).  Ultimately  the  optic  nerve  becomes 
atrophied. 

Thrombosis  of  the  retinal  artery  or  vein  is  also  known  to  occur. 

4.  Detachment  of  the  retina.— In  this  condition  the  retina  is  separated 
over  a  larger  or  smaller  area  from  the  choroid,  and  the  separation  is 
usually  permanent.  It  may  be  caused  by  shrinldng  of  the  vitreous  and 
by  effusion  of  fluid  between  the  choroid  and  the  retina.  It  is  also  pro- 
duced by  injuries  and  by  tumours,  but  it  may  occur  without  assignable 
cause. 

VIII.  Aff'ections  of  the  eye  as  a  whole.— Some  of  the  diseases 
already  mentioned  affect  the  eyeball  generally,  and  there  are  some 
affections  which  do  so  primarily. 

1.  Sympathetic  ophthalmitis.— In  wounds  of  the  eye  there  is  occa- 
sionally an  extension  of  the  inflammation  to  the  opposite  eye,  and  this 
is  commonly  spoken  of  as  by  sympathy.  Inflammation,  especially  in 
the  severe  forms  which  sometimes  occur,  can  scai-cely  owe  its  origin  to 
nervous  influences  alone,  and  this  conclusion  is  confirmed  by  the  fact 
that  the  inflammation  may  progress  after  the  eye  primarily  affected  has 
been  removed.  Mackenzie  first  suggested  that  the  inflammation 
travelled  uj)  the  optic  nerve  to  the  chiasma  and  down  the  other  nerve 
to  the  opposite  eyeball.  This  view  has  been  recently  amplified  and  it 
has  been  asserted  that  microbes  propagate  up  the  sheath  of  one  optic 
nerve  and  down  that  of  the  other  so  as  to  produce  the  inflammation. 
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This  would  explain  how  the  affection  of  the  second  eye  always  occurs 
considerably  after  that  of  the  first,  and  how  removal  of  that  primarily 
affected  does  not  always  stop  the  disease.  This  explanation  seems 
generally  accepted  for  cases  of  severe  inflammation,  but  slighter  inflam- 
mations and  functional  irritations  of  the  eye  may  be  produced  reflexly. 

The  inflammation  begins  in  the  iris  and  ciliary  body,  and  has  gener- 
ally the  characters  of  an  iritis  and  cyclitis.  Predisposition  or  suscep- 
tibility seems  to  have  considerable  influence  in  determining  the  occur- 
rence of  sympathetic  inflammation. 

2.  Glaucoma. — This  name  is  given  to  a  state  characterized  by  in- 
creased tension  of  the  eyeball  which  is  over-filled  and  distended.  The 
structures  forming  the  wall  of  the  eye  suffer  in  consequence.  .  The  con- 
dition arises  as  a  primary  affection,  but  the  exact  causation  is  not  well 
understood.  There  seems  to  be  a  derangement  of  the  circulation  caus- 
ing an  increased  secretion  of  fluid  or  a  diminished  elimination  from 
obstruction.  Increased  tension  occurs  also  secondarily  as  a  result  of 
any  cause  which  increases  the  contents  of  the  eyeball,  such  as  haemor- 
rhage, dislocation  of  the  lens,  sarcoma  of  the  choroid,  etc. 

The  increased  tension  within  the  eyeball  acts  on  the  structures  of  the 
globe.  The  function  of  the  retina  is  interfered  with,  and  it  afterwards 
undergoes  atrophy ;  the  optic  nerve  entrance  is  hollowed  out,  the  lamina 
cribrosa  being  more  yielding  than  the  sclerotic ;  the  cornea  is  rendered 
dull  and  obscure  and  insensible. 

3.  Errors  of  accommodation. — Vision  is  brought  about  by  the  images 
of  objects  being  focussed  on  the  retina.  The  focussing  is  effected  by 
the  refracting  media  of  the  eye,  chiefly  the  lens  and  the  cornea.  In 
order  to  accurate  vision  the  image  must  fall  in  perfect  focus  on  the 
retina.  Valuations  in  the  focussing  required  by  the  greater  or  lesser 
distance  of  objects  is  brought  about  by  the  ciliary  muscles  acting  on  the 
lens.  As  life  goes  on  the  activity  of  these  muscles  and  the  elasticity  of 
the  lens  lessen,  and  the  power  of  rapid  accommodation  diminishes.  This 
condition  is  called  Presbyopia.  The  defective  power  of  accommodation 
is  supplied  by  convex  glasses.  Other  defects  of  vision  occvu*  when  the 
image  falls  behind  or  in  front  of  the  retina,  or  is  distorted. 

In  Hypermetropia  the  image  falls  behind  the  retina.  This  is  usually 
due  to  abnormal  shortness  of  the  eyeball,  but  may  also  result  from  the 
refractive  structures  being  deficient.  Vision  is  good  for  distant  objects 
but  defective  for  near.  In  Myopia  the  image  foils  in  front  of  the  retina. 
The  axis  of  the  globe  is  usually  too  long  for  the  refractive  structures 
(axial  myopia),  but  sometimes  the  refractive  structures  are  too  powerful 
(refractive  myopia).  Vision  is  defective  for  long  distances  and  good  at 
a  short  distance.    In  Astigmatism  the  image  is  distorted,  from  the 
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refractive  media,  chiefly  the  cornea,  being  difterent  in  convexity  at 
different  meridians. 

These  various  defects  may  lead  to  irritations  and  strainings  of  the  eye 
from  the  attempts  to  bring  the  image  into  focus. 

4.  Tumours  of  the  eyeball. — There  are  two  common  forms  of  tumour, 
sarcoma  and  glioma. 

Sarcoma  sijrings  in  the  majority  of  cases  from  the  choroid,  but  may 
take  origin  in  the  ciliary  body  or  iris.  It  is  usually  a  spindle-celled 
tumour  and  in  the  large  majority  of  cases  is  pigmented.  The  unpig- 
mented  forms  are  usually  round-celled.  The  sarcoma  in  its  growth 
usually  detaches  the  retina  and  encroaches  on  the  vitreous  humour.  The 
eyeball  is  occupied  by  the  tumour  mass,  which  generally  in  course  of 
time  also  extends  into  and  through  the  sclerotic.  The  sarcoma  is  prone 
to  generalization,  and  tumours,  frequently  pigmented,  spring  up  in 
various  organs. 

Glioma  takes  origin  in  the  retina.  It  consists  of  round  cells  in  a  fine 
reticulum.  The  cells  may  be  so  abundant  as  to  make  the  tumour 
approach  to  the  structure  of  the  sarcoma.  Two  forms  are  described 
under  the  designations  exophytum  and  endophytum,  according  as  the 
tumour  originates  in  the  external  or  internal  granular  layer  of  the 
retina.  The  tumour  retains  the  characters  of  the  layer  from  which  it 
has  originated.  The  tumour  grows  for  a  time  in  the  retina,  gradually 
enlarging  and  filling  the  globe.  After  a  time  it  may  involve  the  coats 
of  the  eyeball  and  extend  through  the  sclerotic.  Occasionally  it  extends 
by  metastasis  to  distant  organs.  It  is  characterized  by  a  bright  yellow 
reflection  seen  through  the  pupil. 

Epithelioma  sometimes  occurs  in  the  eyeball,  usually  originating  at 
the  junction  of  cornea  and  conjunctiva.  It  may  also  originate  in  the 
conjunctiva.    Cancer  sometimes  takes  origin  in  the  lachrymal  glands. 

The  conjunctiva  is  also  liable  to  simple  growths,  the  commonest  being 
the  papilloma,  whose  most  frequent  seat  is  the  junction  of  the  cornea 
and  conjunctiva. 

5.  Parasites  of  the  Eye.— Cystlcercus  cellulossB  (the  scolex  of  ta3nia 
solium)  is  not  very  uncommon  in  the  eye.  Its  usual  seat  is  beneath  the 
retina,  which  may  become  detached  by  its  growth.  Sometimes  the 
parasite  perforates  the  retina  and  becomes  free  in  the  vitreous  where  it 
may  be  seen  with  the  ophthalmoscope  as  a  clear  cyst,  from  which  the 
head  of  the  worm  is  sometimes  protruded.  A  less  frequent  seat  is  the 
anterior  chamber,  where  it  may  be  free  or  attached  to  the  iris.  It  is 
capable  of  protruding  and  withdrawing  its  head.  The  cysticercus  also 
occurs  in  the  orbit  outside  the  eyeball. 

The  Echinococcus  occasionally  has  its  seat  in  the  orbit. 
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B.— THE  EAE. 

The  ear  has  intimate  anatomical  relations  with  various  other  parts, 
and  in  its  diseases  it  is  frequently  associated  with  these  parts.  It  is 
continuous  externally  with  the  skin ;  it  is  in  communication  by  means 
of  the  Eustachian  tube  with  the  mucous  membrane  of  the  naso- 
pharynx ;  it  is  intimately  related  to  the  bones  of  the  skull  and  to  the 
dura  mater  and  brain.  For  purposes  of  description  the  diseases  of 
the  ear  are  divided  into  those  of  the  external,  middle,  and  internal 
ears,  but  these  parts  being  closely  related  in  position  are  frequently 
affected  by  disease  together. 

I.  Affections  of  the  external  ear. — The  external  ear  consists  of  the 
auricle,  external  auditory  canal,  and  tympanic  membrane. 

1.  The  Auricle  is  liable  to  various  congenital  malformations,  rang- 
ing from  almost  entire  absence  to  simple  alterations  in  the  usual  out- 
line. Supernumerary  organs,  generally  rudimentary,  are  also  met  with. 
Inflammations  of  the  skin,  such  as  erysipelas  and  inflammatory  skin 
eruptions,  especially  eczema,  may  extend  to  the  auricle. 

A  more  independent  affection  is  the  Hsematoma  of  the  auricle  or 
Othsematoma.  This  consists  in  a  hsemorrhage  between  the  cartilage  of 
the  auricle  and  the  perichondrium,  the  latter  being  raised,  but  generally 
carrying  with  it  pieces  of  cartilage.  It  usually  arises  from  injmy,  but 
in  some  cases  the  injury  is  slight  or  absent,  and  the  condition  is 
spontaneous.  This  condition  is  so  frequent  in  insane  persons,  more 
particularly  in  dementia  paralytica,  that  the  name  Insane  ear  is  some- 
times given.  The  concavities  of  the  auricle  are  filled  out  vdth  the 
effused  blood,  which  generally  remains  fluid  for  a  considerable  time. 
With  the  absorption  of  the  blood  there  is  generally  marked  shrinldng 
and  cicatricial  contortion  of  the  auricle.  Sometimes  injuries  induce  a 
serous  exudation  instead  of  blood,  the  condition  otherwise  i-esembling 
hsematoma.  Small  Fibromas  sometimes  form  in  the  auricle  in  con- 
sequence of  the  irritation  of  earrings.  Gouty  tophi  sometimes  occur  in 
the  cartilage  of  the  auricle. 

2.  The  External  auditory  canal. — Congenital  contraction  and 
closure  of  the  canal  have  been  observed  in  various  degrees. 

Inflammations  are  similar  to  those  of  the  skin,  and  may  be  either  in 
the  form  of  boils,  which  are  somewhat  frequent,  or  of  a  diffuse  inflamma- 
tion. The  former  have  the  characters  of  cutaneous  boils,  with  which 
they  may  be  associated  ;  the  latter  residt  chiefly  from  injxii'ies  but  also 
from  the  acute  exanthemata,  chiefly  small-pox,  from  crj'-sipelas,  and  from 
ordinary  skin  eruptions.  The  disease  may  extend  to  the  osseous  wall 
of  the  canal  and  lead  to  caries  or  necrosis,  but  these  are  more  frequently 
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the  consequences  of  affections  of  the  middle  ear.  In  more  chronic  cases- 
we  have  the  usual  newformation  of  tissue  of  chronic  inflammations, 
resulting  in  thickenings  of  the  cutaneous  lining  of  the  canal,  and  also 
in  some  cases  in  hyperostosis,  which  may  greatly  contract  the  canal. 

Exostoses  not  infrequently  spring  from  the  osseous  wall. 

Accumulations  of  cerumen  very  frequently  occur  to  such  an  extent 
as  to  occlude  the  canal  and  cause  deafness.  They  are  usually  dry  and 
are  composed  of  cerumen  mixed  with  epidermis,  hair,  dust,  etc.  The 
accumulation  is  due  either  to  excessive  secretion  or  to  some  impediment 
to  the  escape  of  the  wax. 

Foreign  bodies  and  Parasites  are  met  with  in  the  meatus.  The 
former  consist  of  a  great  variety  of  materials  introduced  from  without 
and  met  with  chiefly  in  children.  Insects  and  their  larvaj  are  oc- 
casionally found  in  the  ear,  the  latter  chiefly  in  cases  where  purulent 
discharge  exists.  The  acarus  folliculorum  also  occurs.  Fungi  belong- 
ing to  the  family  of  the  Aspergillus  (see  p.  318)  have  been  frequently 
observed  growing  in  the  meatus,  chiefly  in  its  inner  recesses  and  on  the 
tympanic  membrane.  They  cause  obstruction  of  the  canal  and  may 
give  rise  to  serious  inflammations. 

3.  The  Tympanic  membrane  is  liable  to  Inflammations  in  common 
with  the  meatus  on  the  one  hand  and  the  middle  ear  on  the  other. 
Hence  arise  various  thickenings  and  adhesions,  sometimes  with  cal- 
careous deposition,  chiefly  in  connection  with  diseases  of  the  middle 
ear.  Hence  also  arise  Perforations  of  the  membrane,  which  have  fre- 
quently serious  consequences  for  the  tympanic  cavity.  Rupture  is  of 
occasional  occurrence,  usually  in  consequence  of  condensation  of  the  air 
in  the  external  meatus  as  from  a  blow  on  the  ear,  but  also  from  instru- 
ments thrust  into  the  ear. 

II.  Affections  of  the  middle  ear. — The  middle  ear  is  a  cavity  con- 
taining air,  of  a  very  complicated  outline  (see  Fig.  361).  The  central 
part  is  that  immediately  within  the  tympanic  membrane,  forming  the  tym- 
panic cavity  which  is  traversed  by  the  chain  of  ossicula.  From  the  lower 
:  and  anterior  part  of  this  cavity  passes  the  Eustachian  tube  down  to  the 
naso-pharynx.  The  upper  and  posterior  part  of  the  cavity  communicates 
with  the  mastoid  cells.    The  largest  of  these  lies  immediately  behind 

■  the  tympanic  cavity,  of  which  it  is  almost  a  continuation  backwards. 

■  This  is  the  antrum  mastoideum  whose  roof,  along  with  that  of  the 
I  tympanic  cavity,  is  formed  by  a  thin  layer  of  bone,  which  Jilone 

■  separates  these  cavities  from  the  dura  mater  lining  the  middle  fossa  of 
:the  skidl.    The  remaining  mastoid  cells  commimicate  directly  or  in- 

'  directly  with  the  antrum.  In  childhood  the  antrum  is  well  develoiied, 
'but  the  other  cells  are  very  imperfect,  the  mastoid  process  being  small. 
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The  roofs  of  the  tympanum  and  antrum  are  not  infrequently  deficient, 
especially  in  childhood,  so  that  there  are  gaps  in  the  osseous  Avail.  The 
mucous  membrane  of  the  middle  ear  is,  in  most  parts,  very  delicate,  and 
is  covered  with  a  single  layer  of  epithelium.    In  its  structure  and  in  the 


Pig.  361.— Section  through  middle  ear.  A,  auti-um  mastoideum ;  B,  mastoid 
cells;  C,  inner  surface  of  tympanic  membrane;  G,  fossa  for  jugular  vein;  H 
partition  between  tympanum  and  antrum  ;  I,  dura  mater  ;  L,  tympanic  aperture 
of  Eustachian  tube  ;  O  pharyngeal  mouth  of  same.  (Barr.) 

character  of  its  epithelium  it  resembles  a  serous  membrane.  It  is 
particularly  thin  over  the  ossicula  and  the  membrana  tym^Dani  and  in 
the  mastoid  cells.  In  the  greater  part  of  its  extent  the  mucous  mem- 
brane covers  bone,  and  is  inseparably  united  with  the  periosteum. 

1.  Inflammations  of  the  middle  ear. — These  have  in  their  elements 
the  characters  of  inflammations  elsewhere  but  modified  by  the  relation 
of  parts.  Catarrh  is  somewhat  common,  and  may  be  acute  or  more 
chronic.  The  exudation  varies  according  to  the  severitj'  of  the  in- 
flammation, being  mucous  or  muco-purulent.  The  catarrh  may  be 
localized  mainly  in  the  Eustachian  tube,  which  may  be  obstructed  by 
the  swelling  of  the  mucous  membrane.  The  exudation  may  distend  the 
tympanic  cavity  and  cause  bulging  of  the  membrane.  It  A\all  also 
interfere  with  the  movements  of  the  ossicula. 

Chronic  inflammations  also  occur  which  have  little  of  the  catarrhal 
character  but  rather  that  of  the  chronic  productive  inflammation. 
These  conditions  are  sometimes  described  as  Chronic  dry  or  adhesive 
catarrh.  These  are  associated  with  Adhesions  and  Sclerosis  of  the 
mucous  surfaces.  The  inflamed  surfaces  are  thickened,  and  wherever 
they  come  in  contact  they  tend  to  coalesce.  In  this  way  fibrous 
adhesions  are  formed  which  may  unite  the  membrana  tympani  or  the 
ossicula  to  the  opposite  wall  of  the  cavity.    Like  other  connective  tissue 
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formed  in  inflcammations  this  has  a  tendency  to  shrink  and  become 
dense,  a  process  expressed  in  the  term  sclerosis.  The  pliant  mucous 
membrane  thus  becomes  rigid,  and  stiffens  the  membrana  tympani, 
the  ossicula,  and  the  membrane  of  the  fenestra  rotunda.  There  is  in 
some  cases  a  newformation  of  bone,  so  that  thickenings  and  projections 
of  the  osseous  wall  of  the  cavity  occur.  There  is  not  infrequently  in 
the  dense  shrunken  tissue  a  deposition  of  lime  salts,  a  Calcification 
similar  to  that  so  frequently  seen  in  chronic  endocarditis.  All  these 
changes,  by  rendering  rigid  the  structui-es  concerned  in  propagating 
the  sonorous  vibrations,  contribute  to  the  causation  of  deafness. 

Acute  suppurative  inflammation  of  the  middle  ear  is  a  frequent  result 
of  scarlet  fever,  and  more  rarely  of  the  other  acute  fevers.  In  these  cases 
it  arises  by  propagation  upwards  of  an  acute  phlegmonous  inflammation 
from  the  pharynx.  In  some  cases  the  affection  is  ascribed  to  cold  and 
ordinary  catarrh  of  the  nares  or  naso-pharynx,  and  in  these  the  nature 
of  the  irritant  is  obscure.  There  is  an  acute  inflammation  of  the  mucous 
membrane  going  on  to  suppuration  and  always  resulting  in  Perforation 
of  the  membrana  tympani.  The  middle  ear  is,  in  fact,  converted  into 
a  kind  of  abscess  cavity  and  the  pus  finds  its  way  out  through  the  mem- 
brane. The  inflammation  may  extend  partly  to  the  external  and  inter- 
nal ears.  The  perforated  membrane  may  afterwards  heal,  but  in  many 
cases  there  is  considerable  destruction  of  tissue,  and  when  the  inflam- 
mation subsides  a  permanent  gap  is  left  in  the  membrane,  sometimes 
involving  its  entire  extent. 

Chronic  suppurative  inflammation  of  the  middle  ear,  or  Otorrhoea,  is 
a  common  result  of  the  acute  disease.   The  perforation  of  the  membrana 
tympani,  brought  about  in  the  way  mentioned  above,  has  far-reaching 
consequences.    The  mucous  membrane  of  the  middle  ear  is  exposed  to 
the  varied  influences  from  without.    It  is  liable  to  catarrhs,  and,  as  the 
resulting  exudation  is  exposed  to  the  air,  sej^tic  changes  readily  occur  in 
It.    The  consequence  of  these  septic  changes  is  a  suppurative  inflamma- 
tion, which,  when  once  fully  established,  is  likely  to  be  permanent.  The 
septic  discharges  lingering  in  all  the  complicated  parts  of  the  middle  ear 
keep  up  the  inflammation.    The  discharges  are,  consequently,  in  many 
leases  exceedingly  putrid.    The  mucous  membrane  is  by  degrees  con- 
■  verted  into  a  succulent  granulation  tissue  from  whose  vessels  the  pus  is 
'exuded.    Various  important  consequences  are  liable  to  occur  in  this 
I  condition,  such  as  polypi,  caries,  and  abscess  of  the  brain. 

Polypi  are  outgrowths  of  vascular  tissue  from  the  inflamed  mucous 
1  membrane  (see  Fig.  362).  They  protrude  through  the  perforation  in  the 
I  membrane,  into  the  meatus,  and  may  even  present  at  the  external 
'  orifice.    They  are  usually  single  mucous  polypi,  consisting  of  a  very 
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cellular  connective  tissue,  in  which  mucous  glands  may  be  present, 
•sometimes  forming  cysts.  They  are  more  rarely  fibrous  in  structure, 
and  in  that  case  contain  no  glands.  A  polypoid  myxoma  is  an  ex- 
ceedingly rare  form. 

Caries  and  Necrosis  of  the  underlying  bone  not  infrequently  occur. 
There  may  be  a  gradually  advancing  inflammation  of  the  bone,  leading  to 
•erosion  by  a  process  of  rarefying  ostitis.   Thus  a  considerable  erosion  of 


Fig.  302.  —Large  mucous  poly- 
pus, which  dilated  the  external 
auditoi-y  canal  and  protruded 
from  external  orifice.  (Barr.) 


Fig.  363.— Sequestrum  consistiug 
~  of  annulus  tympanicus  and  part  of 
mastoid  process,  removed  from  a 
child.  (Barr.) 


the  temporal  bone  may  ensue.  In  other  cases  necrosis  of  considerable 
portions  of  the  temporal  bone  results,  the  dead  bone  being  perhaps  dis- 
charged (see  Fig.  363).  These  processes  are  most  liable  to  occur  in  the 
mastoid  cells,  where  the  discharges  readily  lie  and  decompose.   In  these 

parts  the  inflammation 


may,  after  a 
come  acute. 


time,  lie- 
so  that 


something  in  the  na- 
ture of  an  abscess  may 
form  and  come  to  the 
STU'face  of  the  mastoid 
process. 

Sometimes  the  sup- 
puration extends  out- 
side rather  than  inside 
the  mastoid  process,  so 
that  there  is  a  supi^nra- 
tive  periostitis  over  this 
process,  but  Mathout 
necrosis  or  caries. 
In  some  cases  there 
may  be  a  Formative  ostitis,  so  that  newformation  of  bone  occurs, 


Fig.  304.— Section  showing  offouts  of  prolonged  otorrhoja.  a, 
enlarged  antrum  mastoldcum.  b,  mastoid  cells  replaced  by 
dense  bono  like  i\'ory.  c,  tympanic  cavity.  The  patient  (a 
man)  died  of  purulent  meningitis.  (i3ARH.) 
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loading  to  thickenings,  and  sometimes  to  condensation  of  the  cancel- 
lated mastoid  structures  (see  Fig.  364).  This  may  even  occur  coinci- 
dently  with  caries  and  necrosis,  a  rarefying  and  a  condensing  ostitis 
co-existing  here  as  in  other  cases. 

If  healing  occurs  in  this  disease  there  are  liable  to  be  the  con- 
sequences of  chronic  inflammation  already  referred  to.  Healing  will 
only  occur  if  septic  decomposition  is  got  rid  of.  Unless  the  tympanic 
membrane  closes,  which  it  sometimes  does  by  cicatricial  newformation, 
there  is  apt,  at  intervals,  to  be  a  renewal  of  the  septic  pi'ocess  and  of  the 
suppuration. 

From  the  nearness  of  the  structures  concerned  to  the  dura  mater  and 
brain,  there  is  occasionally  an  Extension  of  the  septic  process  to  the 
parts  within  the  skull.  These  consequences  have  already  been  referred 
to  under  Abscess  of  the  Brain  (see  p.  566).  They  are  chiefly  Septic 
thrombophlebitis,  which  may  result  in  pyaemia.  Suppurative  meningitis, 
which  may  be  associated  with  thrombophlebitis,  and  Abscess  of  the  brain, 
which  may  arise  by  thrombophlebitis  but  also  occurs  without  this. 
Paralysis  of  the  facial  nerve  occasionally  results  from  extension  to  the 
Fallopian  canal. 

•2.  Syphilis  and  Tuberculosis  of  the  middle  ear.  Syphilis  is  stated  to 
cause  in  some  cases  a  chronic  inflammation  with  sclerosis  as  already 
described.  Tuberculosis  has  been  suspected  in  some  cases  of  chronic 
otorrhoea,  and  the  tubercular  bacillus  is  said  to  have  been  observed  in 
the  discharge. 

3.  Sebaceous  tumours  of  the  ear.  Cholesteatoma. — Under  these  names 
are  included  two  very  different  conditions,  one  of  them  a-  true  tumour 
such  as  occurs  in  the  brain  (see  p.  583).  This  is  excessively  rare  and, 
most  cases  of  so-called  sebaceous  tumour,  are  due  to  nothing  more  than 
accumulated  and  inspissated  products  of  inflammation,  namely  pus, 
epithelium  and  debris.  These  collections  may  attain  a  considerable 
size  and  extend  into  the  auditory  canal.  There  may  be  a  deposition  of 
crystals  of  cholestearine  giving  a  glistening  appearance  to  the  mass. 

III.  Affections  of  the  internal  ear. — The  internal  ear,  consisting  of 
the  labyrinth  and  the  auditory  nerve,  is  rarely  the  jorimary  seat  of 
disease,  but  is  liable  to  be  involved  in  afi"ections  of  the  middle  ear,  on 
the  one  hand,  and  of  the  brain  and  its  membranes  on  the  other.  It  does 
however,  sometimes  suffer  directly  from  the  effects  of  continuous  loud 
noises  (as  in  boiler  makers)  or  from  blows  on  the  head.  These  lead  to 
chronic  inflammations  of  the  structures. 

Inflammations  of  the  middle  ear  by  affecting  the  bone  directly  may 
lead  to  destruction,  or  in  a  less  degree  to  thickenings,  and  atrophies  of 
the  labyrinthine  structures.     Sometimes  the  base  of  the  stapes,  by 
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pressing  too  firmly  on  the  fenestra  ovalis,  causes  increased  pressure  in 
the  labyrinthine  fluid  and  consequent  atrophy  of  the  nerve.  The 
abnormal  position  of  the  stapes  may  be  the  result  of  inflammation  or  it 
may  be  produced  by  obstruction  of  the  Eustachian  tube. 

Syphilis  not  infrequently  attacks  the  labyrinth  leading  to  thickenings 
and  consequent  injury  to  the  nerve  structures.  It  is  said,  also,  that 
hfemorrhage  and  serous  exudation  sometimes  result  from  syphilis. 
Congenital  syphilis  may  attack  the  labyrinth,  so  that  deafness  often 
coincides  with  keratitis  and  iritis. 

Meningitis  (cerebro-spinal  and  perhaps  tubercular),  by  extending  to 
the  acoustic  nerve  or  labyrinth,  may  lead  in  children  to  such  damage  to 
the  structures  as  to  result  in  total  deafness.  This  is  stated  to  be 
an  important  cause  of  deaf-mutism.  Acute  fevers,  especially  scarlet 
fever  and  typhoid  fever,  sometimes  cause  inflammation  of  the  labyrinth. 
Mumps  has  occasionally  a  similar  effect. 

Diseases  of  the  brain  and  its  membranes,  such  as  tumours,  abscesses, 
and  inflammations,  often  involve  the  auditory  nerve  "vvithin  the  slodl. 
The  auditory  centre  in  the  brain  may  also  be  involved  by  local  diseases 
such  as  embolism  and  haemorrhage. 

Affections  involving  the  labyrinth  and  producing  alterations  in  the  fluid 
contents  of  the  semicircular  canals  are  apt  to  produce  subjective  sensations 
of  giddiness  and  sickness.  This  is  due  to  the  fact  that  these  structures 
apparently  exercise  an  important  function  in  connection  with  the  reten- 
tion of  the  equilibrium  of  the  body.  The  group  of  symptoms  thus  pro- 
duced is  included  under  the  designation  Meniere's  disease.  A  minor 
degree  of  giddiness  and  sickness  may  be  produced  by  syringing  the  ear 
with  cold  water,  especially  when  the  membrane  is  perforated. 

Any  interference  with  the  labyrinth  leads  to  deafness,  and  this  may 
be  absolute.  If  this  occurs  in  children  the  condition  of  Deaf-mutism 
results.  Deaf-mutism  will  occur  when  deafness  has  been  produced  in 
the  infant,  from  whatever  cause,  whether  an  affection  of  the  middle  or 
internal  ear. 
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Abdomen,  free  bodies  in,  229. 
Aberrant  monstrosities  51. 
Abnormalities,  subject  to  inheritance  19 
Abrachius  50. 

Abscess  132-cold  ]  33— metastatic  391, 

see  also  the  various  organs. 
Absorption,  bone  471— thrombi  70 
Acardiacus  36,  37. 

Acarus  foUiculorum  345  — scabiei  345, 

Acephalus  37,  38— parasitic  37. 

Achorion  Schoenleinii  941. 

Achromatosis  96,  99. 

Acne  922— mentagra  922— rosacea  922. 

Acormus  40. 

A  crania  44. 

Actinomyces  215,  309. 

Actinomycosis  214  —  alimentary  canal 
216— bone  482— face  216— heart  40'>— 
intestine  747— lung  682— respiratory 
organs  216. 

Active  hyper£6raia  55— in  inflammation 

IZl— relation  to  cedcma  88. 
Acute  yellow  atrophy  of  liver  767. 
Adenocarcinoma  272. 
Adenoma  247— liver  779— malignant  272 
•   —mamma  895, 
Adenoma  and  cystoma  251. 
Adenosarcoma,  mamma  898. 
-Adhesion,  in  inflammation  140— primary 

Adipocere  156. 

Aerobic  microbes  281. 

Age,  influence  on  causation  of  disease  22 

Agnathia  45. 

Ague,  spleen  in,  445— blood  in,  105. 
Air  embolism  79. 
Albuminous  infiltration  154. 
Albuminuria  820— physiological  820. 
Alcoholism,  liver  765. 
Alien  blood,  transfusion  of,  94. 
Alimentary  canal  695.  sec  stomach,  in- 
testine, etc.— actinomycosis  of  216. 
Alopecia  917— areata  917. 
Alveolar  cancer  273. 
Alveolar  sarcoma  255,  260. 
Amelus  50. 

Amceba  as  ])arasitc  .322 
Amorphus  37,  38. 

Amputation,  cord  in,  523— neuroma  240. 
Amyl  nitnte,  glycosuria  from,  111 
Amyloid  bodies  168. 
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Amyloid  degeneration  164— distribution 
167— intestine  751— kidney  832— liver 
765— localized  167— lymphatic  glands 
436— phthisis  676— syphilis  194. 
Amyotrophic  lateral  sclerosis  531. 
Anremia,  amyloid  disease  167— fatty  de- 
generation 100— general  95— hemor- 
rhage 97— local  62— lymphatica  100, 
217— pernicious,  see  pernicious  anfemia 
—secondary  97,  100— spontaneous  97. 
Anaerobic  microbes  281. 
Anatomy,  morbid  1,  2— pathological  2. 
Anchylosis  480,  490. 
Anchylostoma  duodenale  340. 
Anencephalus  43. 
Aneurysmal  varix  426. 
Aneurysm  415-ages  in  416— atheroma 
as  cause  415— by  anastomosis  422— 
branches  of  artery  in  419-causation 
415— cerebral  arteries   500— coats  of 
artery  418— cure  421  —dissecting  423 
—eroding  bone  462— false  and  spurious 
422-heart,  effects  on  420— localization 
417— nerves,  pressure  on  420— oblitera- 
tion 421— of  bone  491— of  heart  371, 
372— of  valves  of  heart  386— place  of 
rupture  422— pressure   effects  420— 
rupture  421,  422-sex  410-spurious 
415,  422  —  structure  of  walls  418— 
terminations  421— thrombi  418— trau- 
matic 423. 
Angina,  catarrhal  706. 
Angioma  242— bone  491— liver  778. 
Angiosarcoma,    plexiform    260  —  peri- 
toneum 795. 
Angular  curvature  of  spine  484. 
Aniline  dyes  for  staining  microbes  280. 
Animal  parasites  321. 
Anomalies  29. 
Anthomyia  canicularis  347. 
Anthracosis  680. 

Anthrax  295— influence  of  inheritance  21 
—intestine  747— phagocytes  313— skin 

Anus,  im])erforatc  49,  729— urcthralis 
49— vaginalis  49-vesicalis  49. 

Aorta,  congenital  stenosis  363— fatty  de- 
generation of  intinia  412. 

Aortic  valve,  congenital  malformation 
363,  305— insufficiency  399— stenosis 
401  — tearing  of  curtains  400. 

Aortitis,  acute  409. 
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Ai^hthous  stomatitis  697. 
Apneumatosis  628. 

Apoplectic  cicatrix  564— clot  563— cyst 

85,  251,  505. 
Apostema  132. 

Appendices  epiploicse,  fatty  tumtfur  229 

— secondary  cancer  799. 
Aprosopus  46. 
Arachnida  as  parasites  345. 
Argyria  164. 

Arms,  congenital  defect  50. 

Arsenic,  effect  on  stomach  719. 

Arteries,  brain  547— brain,  btemorrbage 
from,  559— Bright's  disease  823— cal- 
cification 412— cerebral,  atheroma  554 
—cerebral,  syphilis  554— dilatation  56 
—embolism  404— embolism  of  cerebral 
552— innervation  54— ligature  404— 
middle  cerebral,  embolism  553— obli- 
teration 404  —  obstruction  145  —  ob- 
struction as  cause  of  hyperoemia  .59— 
ossification  174,  414— spasm  63— spasm, 
gangrene  from,  145— syphilis  196,  426, 
579— thrombosis  404— tuberculosis  426. 

Arteritis  406. 

Arterio-capillary  fibrosis  823. 

Ai-thritis  497— chronic  rheumatic  500— 
deformans  500  —  gonorrhoeal  498  — 
gouty  499— pyemic  498— simple  acute 
497— rheumatic  499. 

Arthvospores  279. 

Ascaris  lumbricoides  339—  mystax  340. 
Ascending  grey  degeneration  522. 
Ascending  paralysis  532. 
Ascites  790— adiposus  791— chylous  87, 
791. 

Aspergillus  as  parasitic  fungus  316,  317 

—lung  685— ear  955. 
Asiohyxia,  mode  of  death,  26. 
Asthma  622. 

Ataxia  527— paraplegic  532. 
Atelectasis  627— hypertrophy  from  630. 
Atheroma  406  —  cerebral  haemorrhage 
.561. 

Atheromatous  cysts  249. 

Atrophy  152— from  nervous  lesions  153 — 
from  passive  hyperajmia  62 — physiolo- 
gical 152— senile  153— simple  152— 
skin  916. 

Atypical  tumohrs  219. 

Auriculo-ventricular  valves,  malforma- 
tions 365. 

Bacillus  acidi  lactfci  291— anthrax  295 
— butyrious  291— cholera  301 — diph- 
theria 304  —  fowl- cholera  309 — lepra, 
leprosy  210,  307 — malignant  oedema 
299— mallei  308— megaterium  290— 
pneumonia  303  —  pyocyaneus  294  — 
scarlatina  309 — septiciemia  in  mice  309 
— subtilis  291 — svvino  erysiijelas  310 — 
swine  plague  310  —  syphilis  307  — 
tuberculosis  198,  304  —  tuberculosis, 
method  of  staining  305— tuberculosis, 
relation  to  tubercle  202 — typhoid  fever 
300. 

Bacteria  277,  see  microbes— as  morbid 

poisons  11. 
Bacteriology  277. 


Bacterium  termo  291. 
Basedow's  disease  690. 
Bedsores  918. 
Beri-beri  512. 

Bile  ducts  783— cancer  786 —dilatation 
785 — inflammation  785  —  obstruction 
784 — rupture  786— perforation  786— 
tuberculosis  778. 

Bilirubin  in  kidneys  837. 

Bladder,  urinary,  see  urinary  bladder- 
extroversion  48 — fissure  48 — papUloma 
246— inversion  48. 

Blood,  alterations  in  circulation  55— 
alterations  in  constitution  92 — coagu- 
lation 64— infection  by  microbes  287, 
288  —  pernicious  ansemia  99  —  physi- 
ology 53— regeneration  184— sarcinje 
290. 

Blood-corpuscles,  destruction  96— exuda- 
tion in  inflammation  128. 

Blood-crystals  84. 

Blood-cysts  252. 

Blood-pressure  in  fever  3.57. 

Blood-vessels,  newformation  in  inflam- 
mation 137. 

Boil  926. 

Bone  and  cartilage,  newformation  in  in- 
flammation 138. 
Bone-marrow  450— secondary  cancer  267. 
Bones  452— abscess  in  467— abscess  from 
480  —  absorption  471  —  actinomycosis 
482— anchylosis  496— angioma  491 — 
atrophy  462— cancer  493— chondroma 
233,   489— congenital  syphilis  482— 
cysticercus  493  — cysts  491— echino- 
coccus  493  —  false  aneurysm  491  — 
fibroma  489-ha3matoma  491— hyper- 
trophy 180,  469— inflammations  464, 
465— lipoma  491— malformations  45.5— 
myxoma  491— necrosis  470— pulsatile 
tumour  493  —  rarefaction  468  —  re- 
generation 474  —  sarcoma  of    492  — 
synostosis  497— syphilis  481— thyroid 
adenoma  493— transplantation  476— 
tuberculosis  204,  478  —  tuberculosis, 
healing  480 — tumours  488,  234. 
Bothriocephalus  latus  335. 
Bovine  tuberculosis  209. 
Brachycephalus  455. 
Bram,  abscess  558,  566— anasmia  .552,  oo4 
— aneurysms  560— aplasia549— arteries 
547 —atrophy  570,  574  —  calcification 
of  ganglion  cells  575  — cancer  583  — 
cholesteatoma  583— claustrum  544— 
convolutions  506,  54.5,  546— cysticercus 
584— degenerations  574— echinococcus 
584— fissure  of  Sylvius  545— embolism 
552,  560— glioma  244,  581— granular 
disintegration  574  —  hajmorrhage,  sec 
cerelbral  hasmorrhage— heterotopia  5o0 
— hyaline  and  colloid  degeneration  575 
— hydro])hobia  571— hyper.Tjmia  551— 
hypertrophy  550— inflammation  566-- 
insular  sclerosis  568— internal  capsule 
_  ischajmia  552,  554  —  laceration 
551— lobes  545— malformations  549— 
middle  brain  505— myxoma  232,  583-- 
necrosis  555— nucleus  caudatus  543 
micleus  lenticularis  543  —  nutrient 
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arteries  548— arteries,  occlusion  of  552 
-redema  552-opevculuin  54(J-para- 
sites  064— pigmentary  degeneration  574 
—precuneus  547— psammoma  245  582 
—quadrate  lobe  547-sarcoma  582— 
secondary  degenerations  575  —  senile 
atrophy  574,   58G -softening  554  — 
softening  from  syphilis  579 -softening 
trom  tumours  580— structure   542  - 
syphilis  577  -  syphilitic    disease  of 
arteries  579-tetanus  573-thionibosis 
of  sinuses  5o7— tuberculosis  204  576— 
tumours  580— white  softening  601 
Bright  s_  disease  809 -acute  810-albu- 
mmuria  820-arteries  in  S23-arterio- 
capillary  fibrosis  823-causation  809- 
chronic  SU-contracted  fatty  kidney 
si  T^S^xf '  818-endarteatis  obliterans 
i5l7— tatty  epithelium  814— forms  810 
-glomeruli    811,  816-glomerulo-ne- 
phritis  813 -gout  810 -hemorrhage 
from  glomeruli  812-hypertrophy  of 
neart  h2d-increased  arterial  tension 
6^rf— interstitial  nephritis  809,  816— 
large  white  kidney  815-lead.poisoning 
810-a3dema  and  dropsy  S22-a3dema 
89  —  parenchymatous  nephritis,  809, 
»U— pregnancy  810— scariet  fever  809 
813— syphilis  810— tube-casts  814,  819 
— urairaia  821— vascular  changes  824. 
^'^°I^^ii\eW~iisthma.  G22-dilatation  622 
b23-foreign  bodies  624-infiammation 
blJ— obstruction  629— stenosis  622— 
tnmours  624. 
Bronchiectasis  623,  628  655 
^■:?"'=hi;iV619   capillary  650-fibrinous 

bJl— foetida  624. 
Bronchocele,  see  goitre. 

Broncho-pneumonia  650— collapse  651 
pleurisy  651. 

Brood-capsules  in  echinococcus  3.33 
Brown  induration  of  lungs  62  638  ' 
Bubo  437. 

Bulbar  paralysis  .537  —  muscles  538 

nerves  o38. 
Bulla  920. 

Burdach,  columns  51.5,  528. 
Burns  and  scalds  925. 
Butyric  acid,  microbe  291. 

Cachectic  cedemas  88. 
Cache.xia  225— strumipriva  693. 
Cadaveric  poisoning,  skin  927. 
Calcareous  infiltration  171-arteries  412 
-metastatic  172,  414-tubercle8  203, 

Calculi,  «ee  also  concretions-biliary,  see 
gall-stones-kidney  828  -  urinary,  see 
urinary  calculi. 

Callosity  937. 

Callus  474. 

Cancer  261 --alveolar  273 -appendices 
ep.ploic.-B  799--bone  493-brain  583- 
cauhflower  270  —  colloid  273  —  dia- 
phragm 790-generalization  266-in. 
oculation  2(.4-i„testine  752-j„ico273 
-kidney  843-l,p  702-liver  779,  796, 
798-local  nature  268 -localities  264- 
iung  682,  684— lymphatics  of  262— 
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lymphatics  434  -lymphatic  glands  441 
—mamma  899-melanotic  275— men- 
inges 603— mucous  275— nerves  513— 
oesophagus  702-omentum  798-origin 
202  — ovary  798  penis  911  -  peri- 
toneum 795,  797— prostate  912  —  re- 
trograde changes  268— scirrhus  272— 
scrotum  911— secondary  tumours  265 
—secondary  tumours  imitate  primary 
267-skm  940-stomach  723-structure 
261-testis  908-thyroid  692-tongue 
70^— ovary  889-ulceration  265,  268— 
urethra  8.54 -urinary  bladder  850- 
uterus  876— villous  270. 
Cancrum  oris  698— microbe  299 
Canities  917. 

Capillaries,  absence  of  thrombi  from,  69. 
Carbohc  acid,  action  on  stomach  719— 
cause  of  pneumonia  116— in  fajces  756. 
Carbuncle  926. 
Caries  478— fungous  501. 
'^"ioP^  "necrosis  150 -in  tuberculosis 

Cataract  949. 

Cattle,  tuberculosis  209. 

Cauliflower  cancer  270,  878. 

Cavernous  tumours  242. 

Cavity,  tubercular  203. " 

CeU-theory  in  Pathology  6. 

Cells,  condition  in  necrosis  147— indiffer- 
ent  177— power  of  self-preservation  6. 

Cerebellum  505,  547. 

Cerebral  abscess  566. 

Cerebral  arteries,  embolism  552— occlu- 
sion 502— syphilis  .579. 

Cerebral  embolism  552. 

Cerebral  hsemorrhage  558,  .559  — blood- 
crystals  565  —  capillary  563  — from 
aneurysm  560,  562 -from  atheroma 
00] ,  503  —  from  increase  of  blood- 
pressure  561— larger  arteries  559— 
nutrient  arteries  561. 

Cerebral  sinuses,  thrombosis  557. 

Cerebro-spinal  canal,  defective  closure 
43. 

Cerebro-spinal  fluid  91,  .587. 

Cerebro  -  spinal    meningitis,  epidemic 

o,)J. 
Cestoda  325. 
Charbon  295. 

Charcot's  crystals  in  leukremia  102. 
Charcot's  diseiise  of  joints  .501. 
Chemical  agents,  necrosis  "rom  144. 
Chest,  in  rickets  461. 
CWcken  cholera,  influence  of  inheritance 

Chilblain  920. 

Childhood,  susceptibility  to  disease  23. 
Chlorosis  99. 

Cholera  288,  743— Asiatic  743-bacillus 
301— nostras  743— racial  susceptibility 
22— rise  of  temperature  351. 

Cholcsteaiine  159. 

Cholesteatoma  271— of  brain  583. 

Chondroma  232— bone  489- osteoid  260. 
489— ovary  889. 

Chondrosarcoma  25.5. 

Chorea  557. 

Chronic  inflammations  135, 
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Chylous  dropsy  87 — urine  845. 

Chyluria  and  filaria  344. 

Cimex  lectularius  346. 

Circulation,  affections  53  —  physiology 

53— biliary  771,  773. 
Cirrhosis  of  liver,  causation  770— effects 

774— hypertrophic  773— syphilitic  775 

— carcinomatosa  780. 
Cirsoid  aneurysm  422. 
Clefts,  face  46— neck  47  —  palate  46, 

606. 

Clinical  observation,  related  to  pathology 
4. 

Cloaca,  persistence  49. 

Clostridium  butyricum  291. 

Cloudy  swelling  154— in  fever  357- in 

inflammation  134. 
Club-foot  494. 
Club-hand  494. 
Coagula,  post-mortem  68. 
Coagulation,  blood  64— inflammation  127. 
Coagulation-necrosis  149. 
Cohnheim's  theory  of  origin  of  tumours 

220. 

Cold,  cause  of  disease  13— necrosis  from 
144. 

Cold  abscess  133, 
Colds  607. 

Collateral  hyperemia  56. 

Colloid  cancer  273— mamma  903. 

Colloid  degeneration  170. 

CoUoredo,  Lazarus,  a  double  monster  36. 

Colour  blindness,  see  Daltonism. 

Comedo  922. 

Comma  bacillus  301. 

Compensatory  hypertrophy  179  —  liver 
759-  -lung  630. 

Compound  granular  corpuscles  158,  555. 

Concretions  171— intestinal  751  — pros- 
tatic 912. 

Condylomata,  larynx  615 — pointed  931. 

Congenital  diseases  14. 

Congenital  syphilis,  bone  481 — ^liver  777. 

Congestion,  active  55 — passive  .58. 

Conjunctivitis  944— catarrhal  945— diph- 
theritic 946— granular  945— purulent 
945. 

Contagium  vivum  12. 
Contracture  521. 

Coronary  arteries,  embolism  370 — sten- 
osis 369— thrombosis  370. 

Cornea,  conical  946  —herpes  947 — inflam- 
mations, sec  keratitis  —  staphyloma 
947 — ulcers  947 — vascularization  946. 

Corns  181,  937. 

Corpora  amylacea  168. 

Corpora  quadrigemina  .505. 

Corpus  striatum  506. 

Coryza  007. 

Cranioschisis  44. 

Craniotabes  482. 

Cretinism  690,  693— brain  5.50. 

Cretinoid  state  692. 

Crisis  of  fever  355. 

Croup  610. 

Croupous  exudation  133. 
Crude  tubercle  202. 
Crura  cerebri  543. 
Curvatures  of  spine  483. 


Cyanosis  306,  915— induration  from  62. 
Cyclitis  948. 
Cyclopia  44. 

Cylindroma  255,  259,  583— cord  540— 
peritoneum  795. 

Cysticei-cus  cellulosse  328,  329— bone  i'X'. 
— biain  584— eyeball  953— lung  685— 
mamma  904. 

Cystic  sarcoma  256. 

Cystine  852. 

Cystinuria  852. 

Cystoma  248— ovary  882. 

Cysto-sarcoma,  mamma  898— testicle  908. 

Cysts,  bone  491 — broad  ligament  886— 
cord  540  —  from  extravasation  251 — 
intestine  739— jaws  491,  705— kidney 
818,  840— liver  778— mamma  903— 
— multilocular,  ovary  882— neck  47— 
ovary  881 — papillomatous,  ovary  886— 
parasitic  251  —  parovarian  886  —  skin 
916— testis  907— tumours  251— uni- 
locular 887— uterus  867,  880. 

Daltonism,  inherited  20. 
Dead  tissue,  disposal  of  151. 
Deaf-mutism  960. 
Death,  modes  of  26. 

Decidua,   diseases    890  —  inflammation 

890. 
Decubitus  918. 

Degeneration,  grey,  see  under  spinal  cord. 

Delirium,  brain  in  509. 

Delirium  tremens,  brain  in  569. 

Demarcation,  line  of  150. 

Dementia  paralytica  569,  586— posterior 
sclerosis  in  531. 

Dermoid  cysts  250— kidney  842— men- 
inges 003— ovary  887. 

Descending  grey  degeneration  of  cord 
519. 

Desiccation  of  dead  sti-uctures  148 

Desquamation  in  inflammation  134. 

Diabetes  insipidus,  inherited  20. 

Diabetes  mellitus  109— Bernard's  punc- 
ture 111— excretion  of  urea  HO— 
lipremia  107— liver  and  kidneys  113— 
nervous  system  113— pancreas  112— 
source  of  sugar  109— sympathetic  112. 

Diapedesis,  hremorrhage  by  81— in  pas- 
sive hypera;niia  60. 

Diaphragm,  secondary  cancer  799. 

Diarrhoea  728. 

Dicephalus  39. 

Dicrotism  in  fever  357. 

Diphtheria  610— arthritis  498— exudation 
133— microbe  304— liver  778. 

Diphtheritic  inflammation,  intestine  739. 

Diplococcus  278. 

Diprosoi^us  39. 

Dipygus  37.  „ 
Disease,  causation  7— cold  as  cause  lo 
-definition  1— influence  of  external 
forces  9— influence  of  occupations  13 
—  inheritance  as  cause  16  —  nature 
5 —  produced  by  physical  forces  9— 
relation  to  health  7— recovery  from 
2,5  _  susceptibility  and  predisposition 
9— terminations  25. 
Disinfection  281. 
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Dislocations  of  bones  494— spontaneous 
496—  voluntnry  495. 

Dissecting  aneurysm  423. 

Distonia  liwmatobiuni  324,  783— hepati- 
cum  323,  783— lanceolatum  324,  783— 
liver  783— lung  U85— sinense  324. 

Diverticulum,  Meckel's  729 —oesophagus 
710— urinary  bladder  847. 

Dochmius  duodenalis  340. 

Double  monsters  30,  33  —  caused  by 
fission  33. 

Dropsical  fluids,  constitution  of  91. 

Dropsy  85,  see  cedema  and  dropsy— of 
cerebro-spinai  canal,  cause  of  mal- 
formations 43. 

Duct  cancer  263. 

Ductus  arteriosus  Botalli,  persistence 
363. 

Duodenitis  740. 

Dura  mater,  hematoma  594— inflamma- 
tions 596— psammoma  245— syphilis 
578. 

Dust,  disease  from  inhalation  of  677 — 

pigmentation  from  164. 
Dwarfing,  partial  42. 
Dwarfs  42. 
Dyscrasia  225. 

Dysentery  741,    7G9  —  arthritis   498  — 

chronic  742— healing  742. 
Dysmenorrhasa  membranacea  864. 
Dyspepsia  722— ptomaines  in  285. 

Ear  954— abscess  in  brain  from  suppura- 
ation  in  566,  959— boils  954— catarrh 
of  middle  ear  956  —  cerumen  955— 
cholesteatoma  959  —  exostosis  955  — 
fungi  in  318,  955— h;ematoma  954— 
hyperostosis  954  —  inflammations  of 
internal  ear  9.59  —  insane  ear  954  — 
meningitis  959— otorrhoea  956— per- 
foration of  membrana  955,  956— polypi 
956  —  rupture  of  membrana  955  — 
sebaceous  tumours  959— suppuration 
956  —  syphilis  959  —  thrombophlebitis 
9.59— tuberculosis  9.59. 

Ecchondrosis  232. 

Ecchymosis  S3,  915. 

Echinococcus  332— bone  493— brain  .584 
—hooks  330— kidney  844— liver  782— 
lung  685— membrane  334 — meninges 
603 — sipleen  450. 

Ectopia  cordis  47,  359. 

Eczema  921— nipple  900. 

Elephantiasis  212,  433— and  filaria  344. 

Emaciation,  general  152— phthisi.s  676— 
tuberculosis  206. 

Embolism  72— air  79— anastomosis  free 
73— cancerous  267  —  capillary  74  — 
causation  72- cerebral  552— diagnosis 
from  thrombosis  73— end  arteries  74 — 
engorgementof  vessels 76-fat  oroil  78 
—infective  80— kidneys  76,  807— lungs 
640— mesenteric  arteries  7;I0  — necrosis 
from  76— phenomena  73— retinal  artery 
951 — spleen  76  —  superior  mesenteric 
artery  77,  730— tumours  78— ulcera- 
tive endocarditis  391— valvular  disease 
386,  388. 

Emphysema,  nee  pulmonary  emphysema. 


Encapsuling  of  foreign  bodies  139, 
Encephalitis  .566— around  tumours  581— 

difl:'use  568. 
Encephalooele  44. 
Enchondroma  232— lung  683. 
End  arteries  74. 

Endarteritis  406— obliterans  411— obli- 
terans, kidney  817. 

Endemic  diseases  12. 

Endocarditis  383  — acute  383— chronic 
387— ulcerative  389. 

Endometritis  867. 

Endospores  279. 

Endothelioma  2(i0,  275— pleura  689 
Enteritis  738. 
Enterocystoma  720. 
Entozoa  321. 
Epidemic  diseases  12. 
Epidermic  globes  270. 
Epigastrius  37,  40. 
Epiphyseal  ostitis  466. 
Epiphysis,  sejjaration  482. 
Epispadias  49. 
Epistaxis  606. 

Epithelial  cells  in  inflammatory  exuda- 
tion 131. 

Epithelioid  cells  135— in  tubercle  201 

Epithelioma  269— cylinder-celled  271.' 

Epithelium,  newformation,  in  inflamma- 
tion 138— regeneration  184. 

Epizoa  345. 

Epulis  259,  701. 

Erb's  spastic  paralysis  531. 

Ergot,  gangrene  from  145. 

Erysipelas  433— arthritis  498- brain  569 
—microbe  292-phagocytes  313-skin 

Erythema  920— nodosum  90. 
Excoriations  926. 

Exostosis  234,  488— cartilaginous  234  488 
—ear  9oo— multiple  488— teeth  705 

Extremities,  defect  49. 

Extroversion  of  bladder  48. 

Exudation,  croupous  and  diphtheritic  133 
— in  inflammation  125. 

Eye  944  — albuminuric  retinitis  950  — 
astigmatism  952— atrophy  of  nerve  950 
—capsular  cataract  949— cataract  949 
-conical  cornea  946  -  conjunctivitis 
944  — conjunctivitis  catarrhal  945  — 
cyclitis  948-detacliment  of  retina  951  ' 
—  diphtheritic    conjunctivitis    946  — 
embolism  of  retinal  artery  951— eni 
thehoma  953— glaucoma  952- .'lioma 
953  — gonorrhoeal  oijlithalniia  945  _ 
granular  conjunctivitis  945— hernes  of 
cornea  947— hypermetropia  952-inter 
stitial  keratitis  947  -iritis  948— kern 
titis  946-keratitis  from  fifth  neiJvo" 
94/-myop,a  9o2-ophthalmia  neona- 
torum 945-optic  neuritis  9.50-pannus 
946  .-parasites  953-pigmentary  ret  ni! 
tis    9ol  —  presbyopia    952  -  purulent 
ophthaln,i,T   945 -retinitis  9.50-sa 
coma  953-sclerotic  a/Foctions  947-_ 
staphyloma    947  -  .sympathetic  oph- 
tha  mia  951 -syphilitic  iritis  948- 
syphihtic  keratitis  947-tracl.oma  945 
tuberculosis  946-tumours  9.53-ulcers 
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of  cornea  917 — vascularization  of  cornea 
946 — zona  ophthalmica  947. 

Face,  actinomvcosis  21G  —  hemiatropby 
153. 

Facial  clefts  4G. 

Fallopian  tubes,  inflammation,  see  sal- 
pingitis— relation  to  cysts  887 — tu- 
mours 889. 

False  joints  476. 

Family  peculiarities,  correlated  to  sus- 
ceptibility to  disease  22. 

Fastigium  of  fever  354. 

Fat  embolism  78— lungs  640,  643. 

Fatty  degeneration  155 — in  ansemias  100. 

Fatty  iofiltration  159. 

Fauces,  abscess  707— catarrb  706— diph- 
theria 708 — jjhlegmonous  inflammation 
707— syphilis  709— tuberculosis  709— 
'  tumours  709 — ulceration  709. 

Favus  941— fungus  318. 

Female  sex  less  liable  to  disease  than 
male  24. 

Fever,  see  pyrexia. 

Fevers,  bone-marrow  in  451  —  post- 
mortem appearances  in  358. 

Fibrine,  formation  in  inflammation  127. 

Fibrinous  exudation,  in  inflammation 
126. 

Fibrinous  oedema  128. 
Fibroblasts  135. 

Fibroma  227— bone  489— larynx  617— 
mamma  896 — molluscum  227 — ovary 
889— skin  940. 

Fibroueuroma  228— liver  779. 

Fibrosarcoma  254. 

Fifth  nerve  in  posterior  sclerosis  529 — 

keratitis  from  947. 
Filaria  medinensis  341 — sanguinis  341 — 

sanguinis,  kidney  845. 
Fingers,  chondroma  233 — defects  of  51 — 

sujiernumerary  455. 
Fish,  poisoning  by  285. 
Fission-fungi  278. 

Fission  of  embryo,  abcaudal  37 — ab- 
cranial  39 — as  cause  of  double  monsters 
33. 

Fissure,  bladder  48 — abdomen  47 — ster- 
num 47. 

Fistula,  congenital  of  neck,  47,  610. 
Flagellum  of  microbes  278. 
Flea-bites  90,  920. 
Flukes  323. 

Foot,  perforating  ulcer  918. 

Foramen  ovale,  patency  362. 

Foreign  bodies,  disposal  138. 

Formative  cells  135. 

Fowl  cholera,  bacillus  309. 

Fractures,  atrophy  from  403  — healing 

474 — rickets  461 — spontaneous  492 — 

ununited  476. 
Frambcesia  932. 

Friction,  cause  of  hypertrophy  181. 
Friedrich's  hereditary  ataxia  531. 
Frights,  as  cause  of  malformations  31. 
Frost-bite  926.  _ 

Fungi,  parasitic  315 — ear  955 — nares 
609. 

Fungvxs  hrematodes  256,  272. 


Galactoceles  904. 

Gall-bladder,  dropsy  785— dilatation  785 

— gall-stones  783— rupture  793. 
Gall-stones  783 — intestine  751. 
Gangrene  144— dry  148— moi.st  148— from 

thrombosis   72— from  trophoneurosis 

1 45 — senile  145. 
Gastromalaeia  715. 
Generalization  of  tumours  223. 
General  paralysis  of  insane,  see  dementia 

paralytica. 
Genu  valgum  460 — varum  460. 
Giants  32,  179. 
Giant  cell  in  tubercle  201. 
Giant-celled  sarcoma  258. 
Glanders  213— bacUlus  308— larynx  616 

—liver  778— lung  682. 
Gland  epithelium,  regeneration  184. 
Glands,  fatty  infiltration  around  160. 
Glaucoma  952. 

Glioma  244— brain  581 — cord  540— eye- 
ball 953. 
Glossitis  699. 

Glosso-labio-laryngeal  paralysis,  see  bul- 
bar paralysis. 

Glosso  -  pharyngeal  nerve  in  bulbar 
paralysis  538. 

Glossy  skin  935. 

Glycosuria  109 — experimental  110,  111. 
Goitre  090 — colloid  691 — exophthalmic 

690 — occasional  malignancy  224. 
GoU,  columns  517. 
Gouococcus  295. 

Gonorrhcea  853 —arthritis  498 — microbe 

295— uterus  868. 
Gout,  arthritis  499. 
Granulating  wound  135,  136,  137. 
Granulation,  union  by  184. 
Granulation-tissue  tumours  189. 
Graves'  disease  690. 
Green  jius,  bacillus  294. 
Gregarine  as  parasite  323. 
Grey  degeneration  of  cord  518 — ascending 

522— descending  519. 
Growth,  normal  178. 
Gummata  193. 

Hsematemesis  83. 
Hrematidrosis  82. 

Ha3matoccle  83,  909 — intraperitoneal  864 
— pelvic  864,  872 — periuterine  865. 

Hasmatoma  83— bone  491 — dura  mater 
594 — ear  954 — periuterine  865— uterus 
864. 

Hrematometra  83,  866. 
'Hajmatosalpinx  868. 

Hnjmaturia  83,  843,  847. 

Hajmoglobimiria  94,  96,  925 — paroxys- 
mal 96. 

Hwmoijericardium  83. 

Hiiiniopbilia  82— inherited  20. 

Hannoptysis  83,  638. 

H;eniorrhage  81 — brain,  sec  cerebral  hx- 
morrhage  —  causation  81  —  cause  of 
anajmia  97 — by  diapedesis  81— from 
alteration  of  blood  82— from  distoma 
325  —  from  nervous  influences  82-;- 
meningeal  594 — stilling  82— traumatic 
81. 
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Hremorrhagio'  diathesis  '82,  see  hcemo- 
pliilia. 

Hremorrhagio  infarction  7 4. 
H.-emorrhoids  430— vesical  847. 
Hremothorax  S3. 

Hair,  baldness  917— greyness  917. 
Harelip  46. 
Harvest-bug  346. 
Hay-bacillus  291. 
Head  iu  rickets  461. 
Healing  of  wounds  183. 
Health,  conditions  7 — relation  to  disease 
7. 

Heart,  abscess  382  -actinomycosis  402— 
aneurysm  371,  372,  382— atrophy  373 
—brown  atrophy  373— calcareous  infil- 
tration 376— coagula  3G7— dea,th  by  26 
— disease,  plethora  95 — fatty  degen- 
eration 374— fatty  infiltration  373— 
fibrous  transformation  371 — hypertro- 
phy 378 — hypertrophy  from  pericar- 
ditis 394— hypertrophy  of  left  ven- 
tricle 381,  823— hypertrophy  of  right 
ventricle  380— hypertrophy,  weight 
381 — inflammations  382 — injuries  377 
— malformations  3.59 — malformations, 
duration  of  life  367— misplacements 
359— overstrain  378 — parasites  402 — 
rupture  371,  377,  382— syphiUs  3S3,  402 
— tumours  402— valvular  disease  397 — 
weakness  cause  of  hypersemia  59 — 
weakness  cause  of  gangrene  146. 

Heat,  necrosis  from  144. 

Hemiatrophy  of  face  153,  and  body  154. 

Hemicrania,  active  hypersemia  in  57. 

Hemiplegia,  results  in  cord  .520— late 
rigidity  521. 

Hepatitis  768 — interstitial,  see  cirrhosis 
— pyremic  769— tropical  abscess  768, 

Hereditary  diseases  16 — syphilis  196. 

Hermaphroditism  856. 

Hernia  730— abdominal  732— causation 

731 —  cerebri  44 — congenital  731 — con- 
tents 733 — diaphragmatic  732 — exter- 
nal 7.32— femoral  732 — foramen  ovale 

732—  forms  732— gangrene  7.34— incar- 
ceration 734 — inguinal  732— internal 
732 — irreducible  733 — jejuno-duodenal 
732 — large  intestine  733 — ovarian  734 
— perineal  732 — retroperitoneal  732 — 
sac  731— sciatic  732— strangulation  734 
— subcrecal  733 — umbilical  732 — umbil- 
ical cord  48— vaginal  732— vesical  862. 

Herpes  934 — in  posterior  sclerosis  530. 
Heterologous  tumours  220. 
Heterotopia  of  brain  substance  5.50. 
Hip-joint,  congenital  dislocation  494 — 

chronic  rheumatism  501. 
Histioid  tumours  227. 
Histology,  pathological  3. 
Hodgkin's  disease  217,  402,  447— and 

leuk.-emia  101,   105- intestine  754 — 

kidney  844. 
Homologous  tumours  220. 
Horn  246. 
Homy  hands  181. 
Horses,  tuberculosis  of  200. 
Hospital  gangrene  929. 
Ilowship'.s  lacunfe  472. 


Hyaline  degeneration  150,  171. 

Hydatids  332 — sec  echinoooccus — ossifi- 
cation in  shrunken  174. 

Hydatid  mole  231, 

Hydremia  88. 

Hydrajmic  plethora  89. 

Hydrencephalocele  44, 

Hydrocele  909— congenital  909— encysted 
910— neck  47. 

Hydrocephalus  581,  586— acquired  587— 
chronic  588— congenital  588— tubercu- 
lar meningitis  588— veins  of  Galen  588, 

Hydrometra  867. 

Hydromyelia  590. 

Hydronephrosis  829. 

Hydrophobia  571— acquired  immunity 

Hydrorhachis  589,  590. 
Hydro  thorax  686— chylous  686. 
Hygroma  433. 
Hypalbuminosis  96. 

Hyperc-emia,  active  55— collateral  56— 

general  92— local  55— passive  58. 
Hyperostosis  235,  469— ear  954. 
Hyperplasia  178. 

Hypertrophy  178— as  local  malformation 
32 — body  as  a  whole  32 — compensatory 
179 — from  increased  bloodsupply  180 — 
from  inflammation  180 — ^Iddney  808 — 
lung  630 — mamma  894. 

Hypoglossal  nerve  in  bulbar  paralysis  538. 

Hypostasis  59 — oedema  61. 

Ichthyosis  936— inherited  19. 

Icterus  163,  740,  766— hepatogenous  and 
hijematogenous  163 — in  new- born  837 — 
neonatorum  163. 

Idiocy,  brain  in  550. 

Idioisathic  disease  14. 

Immediate  union  183. 

Immunity  310— acquired  311— causes  312 
— inheritance  22 — natural  310 — phago- 
cytes 312  —  transmitted  by  inherit- 
ance 311. 

Incarceration  of  hernia  734. 

Inclusio  fostalis  37,  40. 

Incubation  in  syphilis  191. 

Indican,  in  fajces  756. 

Individual  characters  from  inheritance 
17. 

Induration,  brown  62  — cyanotic  62— 

inflammation  140. 
Infantile    paralysis,    see  poliomyelitis 

anterior. 

Infarction,  disposal  of  77 — hasmorrhagic 
74— hfemorrhagio  in  lungs  640— white 
76. 

Infective  embolism  80— microbes  287 — 
processes  12 — tumours  189. 

Infiltration,  cancerous  204. 

Inflammation  115— abscess  132— acceler- 
ation of  blood-current  121 — action  of 
physical  forces  9 — active  hypenumia 
121  —  adhesion  140  —  around  foreign 
bodies  138  —  arteries  121  —  blood- 
supply  124— catarrh  126— colls  in  ex- 
udation 130 — clironic  135 — ^  discharge 
126 — dropsy  126 — epitiielial  cells  in 
exudation  131— etiology  115  —  cxud- 
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ation  ]25  —  exudation  of  blood-cor- 
puscles 128 — fever  125 — fibrinous  exu- 
dation 126  —  forms  140 — induration 
140 — influence  of  nervous  system  IIG 
— interstitial  141 — issues  139 — karyo- 
mitosis  137 — lympb  12G — necrosis  140 
newformation  135 — newformation  of 
blood-vessels  137 — oedema  1 26 — paren- 
cbymatous  cbanges  134,  141 — pave- 
menting  of  veins  122 — ishenomena  118 
— pblegmonous  141 — purulent  exud- 
ation 131 — retardation  of  blood-cur- 
rent 122 — serous  exudation  126 — stasis 

123 —  state  of  vessels  120 — suppuration 
131  —  suppurative  141  —  temperature 

124 —  ulcerative  141. 

Inheritance,  determining  individual 
characters  17 — diabetes  insipidus  20 — 
general  principles  16 — hasmophilia  20 
— ichthyosis  19 — influence  on  disease 
16 — laws  illustrated  by  twins  18  — 
malformations  31 — of  Daltonism  20 — 
structural  abnormalities  19 — suscep- 
tibilities to  disease  21 — tumours  221. 

Injuries,  repair  of  183. 

Inoculation  of  tuberculosis  199. 

Insular  sclerosis  in  brain  568. 

Interstitial,  inflammation  141. 

Intestine  727 — actinomycosis  747 — amy- 
loid disease  751 — anthrax  747 — cancer 
752  —  catarrh  738 — cholera  743 — con- 
cretions 751 — cysts  of  vermiform  754 
—  diphtheritic  inflammation  739  — 
diverticulum  729  —  dysentery  741  — 
embolism  730  —  enterocystoma  729 — 
gall-stones  751 — gangrene  751 — htemor- 
rhage  730  —  hernia  730  —  Hodgkin's 
disease  754  —  incarceration  734  —  in- 
flammation 738  —  internal  hernia  732 
— intussusception  736  —  invagination 
736  —  localized  inflammations  740  — 
meteorism  755 — mucous  polypi  739 — 
obstruction  754 — parasites  751 — peri- 
proctitis 741 — perityphlitis  740 — phleg- 
monous inflammation  739 — proctitis 
741  —  prolapse  736  —  stercoraceous 
vomiting  756  —  strangulation  734  — 
syphilis  750  —  tuberculosis  748  — 
tiTmours  754 — twisting  735 — typhlitis 
740— typhoid  fever  744— ulcers  738, 
742,  745— volvulus  735. 

Intracystic  growth  256. 

Intussusception,  736. 

Invagination,  736. 

Inversion  of  bladder  48. 

Iris  948 — syphilitic  iritis  948 — tubercu- 
losis 948. 

Irritants,  causes  of  inflammation  115. 
Ischaimia  62. 
Isohiopagus  36. 
Ivory  exostosis  235. 

Jaundice  163. 

.Taws,  cysts  705,  491. 

Joints  494— Charcot's  disease  .501 — 
gelatinous  degeneration  501  —  loose 
bodies  503  —  in  posterior  sclerosis 
530 — syphilis  501— tuberculosis  501 — 
tumor  albus  501. 


Juxta-epipbyseal  ostitis  467. 
Kak  ke  512. 

Karyokinesis  175,  see  kary mitosis. 

Karyomitosis  175,  185 — bone  474 — in- 
flammation 137 — lymphatic  glands  435. 

Keloid,  Addison's  935 — false  939 — ^true 
938. 

Keratitis  940 — interstitial  947 — neuro- 
pathic 947 — syphilitic  947. 

Kidneys  800  —  adenoma  842  —  amyloid 
832 — aspergiUus  317 — bile  colouring 
matter  837,  838 — Bright's  disease,  sec 
Bright's  disease  —  calculi  828 — calculi 
in  pelvis  838 — cancer  843 — chylous 
urine  845  —  cicatricial  829 — cloudy 
swelling  837  —  compensatory  hyper- 
trophy 80S — concretions  in  tubules  837 
— congenital  cysts  841 — contracted  and 
amyloid  834 — cyanotic  induration  806 
— cystic  transformation  841 — cysts  840 
— defect  of  one  804 — dermoid  cysts  842 
— displaced  suprarenal  capsule  842 — 
ecliinoooccus  844 — embolism  807 — ^fatty 
837  —  fibroma  840 — filaria  sanguinis 
845  — floating  805  — function  803  — 
general  tuberculosis  840 — hemorrhage 
807  —  horse-shoe  804 — hydatid  cysts 
844 — hydronephrosis  829 — hypersm  ia, 
active  806 — hyperemia,  passive  806 — 
icterus,  837,  838 — in  leukieniia  844 

—  in    phthisis    676  —  lobulated  804 

—  local  atrophy  from  endarteritis 
-  836— malformations  803,  804  —  mal- 
formations of  ureter  and  pelvis 
805  —  malignant  lymphoma  844  — 
malpositions  804  —  moveable  805  — 
myosarcoma  842 — pyremia  825 — iiye- 
litis  827 — pyelonephritis  828 — pyone- 
phrosis 831  —  sarcoma  842  —  scarlet 
fever  827 — scorbutic  condition  807 — 
senile  atrophy  837 — structure  801 — 
suppuration,  see  nephritis  —  syphilis 
838— thrombosis  807— tuberculosis  839 
— ulcerative  endocarditis  825  —  uric 
acid  in  tubules  837,  838. 

Kraniopagus  36. 
Kropf  690. 
KyiDhosis  485. 

Laceration  of  brain  .551. 
Lactic  acid,  microbe  291. 
La'nnec,  views  on  phthisis  658. 
Lalloo,  a  double  monster  37. 
Laminated  capsules  270. 
Landry's  paralysis  532. 
Larvas  of  insects  as  parasites  347 — skin 
943. 

Larynx,  fibroma  617 — mucous  polypi  618 
— jiapiUoma  246 — perichondritis  614 — 
stenosis  614 — subglottic  inflammation 
614. 

Larynx  and  trachea  GIO — catarrh  612, 
613  —  diphtheria  and  croup  611  — 
foreign  bodies  618 — malformations  610 

—  papilloma  617  —  parasites  618  — 
syphilis  615 — tuberculosis  615 — tum- 
ours 616. 

Lateral  sclerosis  of  cord  531 . 
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Legs,  congenital  defect  [60— deformities 
in  rickets  4^0. 

Leiomyoma  236. 

Lens  of  eye,  regeuei-ation  ISO. 

Lepra  210  — annestlietica  211  — tuber- 
culosa 211,  see  also  leprosy. 

Leprosy  210— larynx  GIG— aniesthetio, 
gangrene  in  14G— bacillus  210,  307— 
liver  778— nerves  513. 

Leptomeningitis  596. 

Leptotbrix  bucciilis  292— teeth  704. 

Leptus  autumnalis  316. 

Leucine  768. 

LeucocytbMmia  101. 

Leucocytosis  101. 

Leucomaines  28.5. 

Leucomyelitis  ,524. 

Leucorrhoea  867. 

Leukaimia  101— bone-marrow  103,  450 — ' 
bcBmorrbage  82— intestine  105— kid- 
ney 844— liver  104,  779— lymphatic 
glands  104 — pernicious  anasmia  101 — 
relation  to  Hodgkin's  disease  101,  105 
— secondary  changes  104 — skin  105 — 
spleen  103,  447. 

Lice,  according  to  race  22. 

Lichen,  in  posterior  sclerosis  530 — ruber 
921, 

Life,  characteristics  of  5. 
Ligature  of  arteries  404. 
Lip,  cancer  702 — hypertrophy  701. 
Lipsemia  107 — source  of  fat  108. 
Lipoma  228— bone  491— capsulare  229. 
Lithsemia  108. 
Lithop.-jidion  174,  872. 
Liver  757— abscess  768,  769— acute  yel- 
low atrophy  767— adenoma  779— alco- 
holism 765— amyloid  765— angioma  778 
—atrophy  763— biliary  abscess  770,  7SG 
— cancer  779 — cancer  secondary  780, 
796 — changes  in  position  760 — circula- 
tion 758 — cirrhosis  770 — compensatory 
hypertrophy  759— connective  tissue  758 
—cysts  779— ducts  759— embolism  763 
—fatty  degeneration  762,  764 — fatty 
infiltration  IGO,  764 — fibroneuroma  779 
—flukes  323— folds  760— function  7.57 
—glanders  778— hydatids  782— hyper- 
emia 761 — icterus  766 — inflammations, 
nee  hepatitis— leprosy  778— leuka;mia 
779 — lobule  758 — malformations  759 — 
melanajmia  767 — necrosis  763 — nutmeg 
761 — parasites  782 — parenchymatous 
infiltration  763— perihepatitis  775— 
pernicious  anrtmia  98,  767— pigmented 
766 —post-mortem  changes  759— pye- 
mia 769— red  atrophy  761 — sarcoma  782 
—stay-deformity  760— syphilis  775— 
thrombosis  of  portal  vein  762 — trans- 
position 760  — tuberculosis  777  — ty- 
phoid fever  778. 
Local  liypenemia  5.5. 
Locomotor  ataxia,  see  posterior  sclerosis. 
Long  bones,  deformities  in  rickets  460. 
Longevity,  influence  of  iieart  on  27. 
Loose  bodies,  in  joints  .503— in  periton- 
eum 229. 
Lordosis  485. 

Loss  of  tissue,  hypertrophy  from  179. 


Lost  parts,  reproduction  of  182. 
Lungs,  diseases  625— actinomycosis  216, 

682—  anthracosis  G80— atelectasis  627 
bronchiectasis  023,  G55— brown  indura- 
tion 638— cancer  682, 684— carnification 
629 — cavities  683 — chronic  pneumonia 
653— cicatrices  671— coal-iuiners'  680— 
colhapse  628— compression  628— death 
by  26— disease  from  dust  inhalation 
677 — echinococcus  685— embolism  640 
— emjahysema,  sec  pulmonary  emphy- 
sema —  enchondroma  683  —  gangrene 
649,  655 — general  tuberculosis  681 — 
glanders  682— htemoptysis  638— hEemor- 
rhage  640,  656,  672~hyper»mia  637— 
hypertrophy  630— hypostasis  639— in- 
duration 653— infarction  640— inflam- 
mations, sec  pneumonia — injuries  to 
643— iron-grey  induration  653— knife- 
grinders'  680— lymphatics  62G— mal- 
formations 627 — malignant  lymphoma 

683—  mycosis  68.5— oedema  637,  639— 
parasites  685— phthisis,  see  phthisis 
pulmonalis  —  pigm  ent  677  —  pneumo- 
noconiosis  677 — pneumonia,  see  pneu- 
monia— potters'  phthisis  680 — sarcoma 
683 — sijlenization  6,39 — stone-masons' 
680— syphilis  681— tuberculosis  204, 657 
tumours  682 — vessels  626 — white  pneu- 
monia 681. 

Lumbar  absce.«s  480. 
Lupus  932. 
Lymph  126. 

Lymphadenitis  437 — chronic  438. 

Lymphadenoma  217. 

Lymphangeitis  432. 

Lymphangiectasis  433. 

Lymphangioma  244,  433. 

Lymphatic  glauds  434 — amyloid  disease 
436 — hyaline  or  colloid  changes  436 — 
induration  437— inflammations  436, 
437  —  ])igmentation  436  —  secondary 
cancer  26-5 — syphilis  440— tuberculosis 
204,  438— tumours  440. 

Lymphatic  circulation  85. 

Lymphatics  of  cancers  262. 

Lymphatic  vessels,  diseases  432— cysts 
433 — dilatation  433— inllammation  432 
— obstruction  cause  of  drop.sy  86 — 
rupture  434 — tuberculosis  433. 

Lymphoma  246— lung  683— malignant 
217 — malignant,  heart  in  402 — malig- 
nant, iieritoneum  795. 

Lymphosarcoma  257. 

Lymph-scrotum  and  filaria  344. 

Lysis  of  fever  355. 

Macrochelia  701. 

Macroglossia  244,  433,  701. 

Madura  foot,  fungus  of  320. 

Malarial  fevers,  lacial  suscejjtibility  22. 

Malformations  29— brain  549— by  defect 
42 — causation  30— classification  32 — 
bladder  845-  -kidney  803,  804— larynx 
and  trachea  610— liver  759— lung  627 
— mamma  893— nares  GOO— relation  to 
congenital  diseases  15 — relation  to  in- 
heritance 31— testis  905— ureters  805 
— uterus  858. 
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Mamma,  acute  cancer  902 — adcnofibroma 
89G — adenoma  8!)5 — adenosarcoma  897, 
898 — bone  in  895 — cancer  899 — chon- 
droma 895,  898 — colloid  cancer  903 — 
connective-tissue  cysts904 — cysticercus 
904— cystosarcoma  897,  898— cysts  903 
— duct  cancer  899 — ecliinococcus  904 — 
eczema  of  nipple  900 — fibroma  895,  896 
— galactocele  904 — hyjiertropby  894 — 
inflammation  893 — involution  cysts  903 
— lipoma  capsulare  895 — malforma- 
tions 893 — myoma  895 — myxoma  232, 
896 — Paget's  disease  900 — jiarasites  904 
— sarcoma  897 — scirrhus  900,  902 — 
supernumerary  41 — syphilis  894 — tu- 
berculosis 894 — tumours  894. 

Marasmus,  a  cause  of  thrombosis  67. 

Margarine  159. 

Malignancy,  of  tumours  223 — occasional 

of  typical  tumours  224. 
Malignant  pustule  295. 
Meckel's  diverticulum  729. 
Mediastinum,  malignant  lymphoma  217. 
Medulla  oblongata  505,  517 — in  bulbar 

paralysis  537. 
MelauMmia  105,  163— liver  767. 
Melanoid  sarcoma  259. 
Melanotic  cancer  275. 
Melitui-ial09. 

Membranes   of   brain   and    cord,  see 

Meninges. 
Meniere's  disease  9C0. 
Meningeal  htemorrhage  -594  —  infantile 

595. 

Meninges,  cancer  603 — dermoid  cysts  G03 
— echinococcus  603 — inflammations  596 
— oedema  586 — oedema  ex  vacuo  586 — 
sarcoma  603 — syphilis  578 — tumours 
602. 

Meningitis  558,  596— epidemic  cerebro- 
spinal 597 — from  ear  959,  960— septic 
596  —  simple  596  —  syphilitic  579  — 
tubercular  598. 

Meningocele  44,  46,  592. 

Meningo-myelitis  525. 

Meningo-myelocele  592,  593. 

Menorrhagia  863. 

Menstruation,  vicarious  82 

Mercury,  efl^ect  on  mouth  698. 

Mesentery,  aperture  755--E[odgkin's 
disease  754. 

Metaplasia  177,  455. 

Metastasis  of  tumours  223. 

Meteorism  755. 

Metritis  867. 

Metrorrhagia  83. 

Miasma  12. 

Mice,  sejjticasmia  309. 

Micrenceplialus  549,  550. 

Microbes  277  —  aerobic  281  —  anaerobic 
281 — as  morbid  poisons  11— conditions 
of  life  280— cultivation  283— in  air, 
earth,  and  water  282  —  methods  of 
staining  280  —  non-pathogenic  284  — 
pathogenic  284,  286 — plate  cultivations 
283— polymoi-phism  283— pure  cultiva- 
tions 283— saprophytic  284,  289 — 
structure  278. 

Microbiology  277. 


Microcei>halus  455,  549. 

Micrococcus  gonorrhceie  295 — pathogenic 

292— prodigiosus  289— pyogenic  293— 

tetragenus  309. 
Microcytes  99. 
Microaporon  furfur  942. 
Middle  cerebral  artery,  embolism  553. 
Miliary  tubercle  200. 
Miliary  tuberculosis  207. 
Milium  922. 
Milk,  bacilli  291. 

Mitral  valve,  insufficiency  397 — stenosis 
398. 

Modes  of  death  26. 

Mole,  of  skin  938— fleshy  890 -hydatid 
890. 

Mollities  ossium  463. 
^MoUuscum  contagiosum  939. 
Monkeys,  tuberculosis  209. 
Monobrachius  50. 
Monophthalmia  44. 

Monstrosities  29 — by  defect  42 — by  ex- 
cess 32. 

Morbid  growths  219. 

Morbid  poisons,  nature  of  11. 

Morbus  cajruleus  360. 

Morbus  coxaj  senilis  501. 

Morpboea  935. 

Mortification  144. 

Mosquito  as  host  of  filaria  342. 

Motor  area  in  brain  506. 

Mouth,  adenoma  700  —  angioma  701  — 
cancer  702 — catarrh  696 — cysts  700 — 
epithelioma  702 — epulis  701 — glanders 
700 — leprosy  700 — lupus  700 — lymph- 
angioma 701 — myeloid  sarcoma  701 — 
ranula  702— syphilis  700 — tuberculosis- 
700— tumours  700— warts  701. 

Mucous  cancer  275. 

Mucous  cysts  249. 

Mucous  degeneration  169. 

Mucous  polj'pi,  intestine  739 — larynx  618 
— nares  609— uterus  867,  880. 

Mucous-tissue  tumour,  sec  myxoma. 

Multiple  fibroma  227. 

Multiple  neuritis  535. 

IMidtiplication  of  bones  and  muscles  41. 

Mummification  148. 

Mumps  433,  960. 

Muscarine  285. 

Muscles,  after  division  of  nerves  511 — 
atrophy  in  posterior  sclerosis  530— 
bulbar  paralysis  538— fattj'  infiltration 
159  —  pseudo  -  hypertropluc  paralysis 
539  —  reduplication  41  —  regeneration 
186 — waxy  or  hyaline  degeneration 
149. 

Muscular  tissue  tumour,  see  Myoma. 

Mycosis  of  lung  685. 

Myelitis  524— acute  transverse  524 — sys- 
tematic 524 — transverse  524. 

]\Iyelo-cystocele  592. 

Myeloid  sarcoma  2.58. 

Myelomeningocele  46. 

Myocarditis  382,  383— interstitial  371. 

Myoma  236 — calcification  238,  875 — cysts 
875  —  hemorrhage  875,  876  —  intra- 
parietal  876 — oesophagus  712 — ovary 
889— pendulous  876 — submucous  876— 
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subserous  875— telangiectodes  874— 
transplantation  875 — uterus  874 — vein 
431. 

Myomalacia  cordis  371. 

Myosarcoma  255 — uterus  880. 

Myositis,  interstitial  512. 

Myxcedema  G92. 

Myxo  glicma  of  bi'ain  5S2. 

Myxoma   230— bone  491— brain  583— 

cord  540 — mamma  896. 
Myxosarcoma  255,  257— kidney  842. 

Nrevus  242— pigmentosus  938. 
Nails,  atrophy  918. 

Nares,  cancers  609— catarrh  607,  608— 
diphtheria  611— foreign  bodies  609— 
fungi  609— hemorrhage  606— malfor- 
mations 606— papilloma  609— polypi 
609— syphilis  60S— tuberculosis  608— 
tumours  609. 

Necrosis  144 — bone  470— causes  144  

from  embolism  76— forms  146— inflam- 
mation 140— issues  150— microbes  287 
—passive  hypersemia  62— phosphorus 
4/3. 

Negroes,  immunity  from  yellow  fever  22. 
Nematoda  336. 

Nephritis,  see  Blight's  disease  — inter- 
stitial 816  —  parenchymatous  811  — 
septic  827— suppurative  825,  827. 

Nerve,  fifth,  keratitis  from  paralysis  947. 

Nerves,  cancer  513— division  509— de- 
generation from  division  509— inflam- 
mation 511 — in  posterior  sclerosis  .529 
—injury  509— leprosy  513— peripheral 
507 — regeneration  186— regeneration , 
after  division  511— sarcoma  513— 
syphilitic  gummata  513  — trophic 
changes  from  division  511. 

Nervous  disturbances  in  fever  358. 

Nervous  lesions,  atrophy  from  153— 
pyrexia  from  3.52. 

Nervous  system,  diseases  of  504— in 
causation  of  inflammation  110— plan 
504.  '■ 

Neuralgia,  active  congestion  in  57 — 
isch;emia  63 

Neurin  285. 

Neuritis  511— alcoholic  .512 — ascen<ling 

512— multiple  512— optic  950. 
Neurofibroma  228. 

Neuroma  228,  239,  514-^plexiform  514. 
New-born  children,  plethora  in  95. 
Newformations,     classification     178  — 

genesis  177— inflammation  135. 
Nipple,  eczema  900— myoma  895. 
Noma,  098. 
Nose,  fungus  in  318. 

Nuclei,  disappear  in  necrosis  147  — 
division  by  karyomitdsis  175. 

Obesity  1.59. 

Obstruction  of  blood-vessels,  as  cause  of 

hfemorrhage  81. 
Obstruction  of  intestine  75.5 — by  bridle 

755. 

Occupations  as  cause  of  disease  13. 
Odontoma  234,  705. 


CEdema  and  dropsy  85— Bright's  disease 
822— passive  hypersemia  61,  87. 

(Ederna,  in  Bright's  disease  89,  822— 
fibrinous  128 — from  nervous  influences 
90— glottidis  613— lungs  639— malig- 
nant 929— malignant,  microbe  of  299. 

CEsophagus  709— acids  and  alkalies  711— 
cancer  711,  712— dilatation  709— diver- 
ticulum 710  — inflammation  711  — 
myoma  712— obstruction  711,  713— 
perforating  ulcer  712— perforation  710, 
712— pulsion-diverticulum  710— rup- 
ture 712 — traction-diverticulum  710 — 
tumours  712. 

Oidium  albicans  697. 

Oil  embolism  78. 

Old  age,  susceptibility  to  disease  in  24. 

Oligsemia  96,  97. 

Oligocythoamia  96,  97. 

Omentum,  dropsy  791 — secondary  cancer 

798 — tuberculosis  794. 
Oophoritis  869. 

Ophthalmia,  gonorrhoeal  945  —  neona- 
torum 945— purulent  945— sympathetic 
951. 

Optic  nerve,  atrophy  950— neuritis  950— 

posterior  sclerosis  529, 
Orchitis  905. 

Organization  of  thi-ombi  70. 
Ossification    453— arteries    174,    414 — 

rickets  457. 
Osteoblasts  454. 
Osteoclasts  454,  471. 
Osteoid  chondroma  260,  489. 
Osteoma  234,  488— teeth  705. 
Osteomalacia  463. 
Osteomyelitis  465 — malignant  466. 
Osteoporosis  469. 

Ostitis  465— chronic  467— deformans  46& 

—  epiphyseal  466  —  formative  468  — 
infective  466 — phosphorus  473 — post- 
febrile 467— pseudo-rheumatic  466— 
rarefying  468. 

Otomycosis  318. 
Otorrhcea  956. 
Ovarian  fimbria  881. 

Ovary  881— adenoma  882— adenocystoma 
882  — cancer  889  —  chondrmna  889  — 
colloid  cystoma  882  — cysts^  870,  881 

—  dermoid  cysts  887  —  dropsy  of 
Graafian  vesicles  882 — fibroma  889— 
iuflanpmation  869— myoma  889— papil- 
lomatous cysts  886  — sarcoma  889  — 
teratoma  887— tubo-ovarian  cyst  889. 

Overstrain  of  heart  378. 
Oxalate  of  lime  calculi  8.51,  852. 
Oxyuris  vermioularis  340. 
Oztena  608,  009. 

Pacchionian  bodies,  atrophy  of  bone 
from  462— tumours  603. 

Pachymeningitis  596  — chronica  hasmor- 
rhagioa  .570,  594. 

Pagct's  disease  of  nipple  900. 

Painful  subcutaneous  tumour  241. 

Pancreas  786— atrophy  787— cancer  787— 
concretions  in  duct  788— diabetes  mel- 
litus  112— dilatation  of  duct  788— fatty 
degeneration  787  —  fatty  infiltration 
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787 — hreraorrhages  786 — inflammations 
787— malformiitions  786— syphilis  787 
— tuberculosis  787. 
Pannus  946. 

Papilloma    246  —  larynx    617 — urinary 

bladder  850. 
Papule  920. 

Paralysis,  ascending  .532. 
Parametritis  870. 

Parasites,  animal  321 — intestinal  751 — 

vegetable  277. 
Parasitic  cysts  251 — monsters  34,  36,  37, 

39. 

Parenchymatous  changes  in  inflam- 
mation 134 — in  fever  357. 

Parenchymatous  inflammation  134,  141. 

Parotitis  433. 

Parovarian  cysts  886. 

Parovarium  881. 

Paroxysmal  haimoglobimiria  96. 

Passive  hypersemia,  dropsy  in  87 — throm- 
bosis in  71 — liver  761. 

Pathogenic  microbes  284,  286. 

Pathology,  definition  1 — experimental  1, 
2. 

Pearl  tumour  271,  -583. 
Pediculi  346. 

Pelvic  cellulitis,  see  parametritis. 

Pelvis  in  rickets  461. 

Pemphigus  922 — in  posterior  sclerosis 
530 — neonatorum  930. 

Penis,  cancer  911 — chancres  910— condy- 
loma 911— ulcers  910. 

Pentastoma,  denticulatum  783,  345  — 
tainioides  345. 

Perforating  ulcer,  duodenum  719  — 
foot  918 — ojsophagus  712 — stomach 
719. 

Pericardial  adhesion  394. 

Pericarditis  392 — caiise  of  hypertrophy 
of  heart  394— tubercular  396. 

Pericardium,  absence  of  360 — diverticu- 
lum 360 — white  spots  395. 

Perichondritis,  larynx  014. 

Perihepatitis  775. 

Perimetritis  868. 

Periostosis  235,  469,  465,  466. 

Periproctitis  741. 

Perisplenitis  44-5. 

Peritoneum  78S — active  hypersemia  789— 
angiosarcoma  795 — ascites  790 — ascites 
adiposus  791  —  cancer  795  —  chronic 
hemorrhagic  peritonitis  789— chronic 
peritonitis  793— chylous  ascites  791— 
cylindroma  795  —  function  788  — 
hemorrhage  790  —  Hodgkin's  disease 
795  —  malformations  789  —  malignant 
lymphoma  795  —  passive  hypenemia 
789,  790— peritonitis  791 — retroperito- 
neal sarcoma  795— secondary  cancer 
797— tuberculosis  793— tumours  795. 

Peritonitis  791  —  adhesive  793 — biliary 
793— chronic  793 — pelvic  808— septic 
792— tubercular  793. 

Perityphlitis  740. 

Perlsucht  209. 

Pernicious  anemia  98 — blood  99 — bone- 
marrow  99,  451— liver  98,  767 — relation 
to  leuktemia  101. 


Perobrachius  50. 

Peromelus  50. 

Potechie  82,  83,  915. 

Phagocytes  312, 

Pharyngitis  706— gi-anular  707. 

Phlebectasis  428. 

Phlebitis  427, 

Phleboliths  70,  429. 

Phlegmasia  alba  dolens  71,  803. 

Phlegmonous  inflammation  141 — skin  92'J 

Phocomelus  50. 

Phosphatic  calculi  852. 

Phosphorus,  effects  on  bone  473— necro- 
sis 473. 

Phthisis,  potters'  680. 

Phthisis  pulmonalis  657  —  amyloid 
disease  676  —  anemia  076  —  anatomi- 
cal changes  659  —  aneurysms  in 
cavities  673  —  bronchial  glands  671 
— ^bronchi  671 — bronchiectasis  608 — 
caseous  form  660 — caseous  necrosis  662. 
667 — causation  658 — cavities  663,  060 
— cicatrices  672 — cysts  in  pleura  669 — 
emaciation  676 — emjihysema  669 — ex- 
tension 670 — fever  676 — fibroid  form 
666 — general  tuberculosis  from  677 — 
hemorrhage  672— healing  671 — initial 
lesion  660,  666 — insufilation,  a  cause 
659 — kidney  disease  from  676 — larynx 
and  trachea  in  671 — localization  659— 
lung  tissue  from  670— lung  tissue  in 
sputum  664 — peribronchitis  665 — pig- 
mentation 669  —  pleurisy  674  —  pneu- 
mothora.x  675 — sago  spleen  447 — slaty 
induration  669 — sputum  670 — tuber- 
cular bacillus,  670. 

Phthisis,  renal  839. 

Physometra  867. 

Piarrhemia,  sec  lipemia. 

Pigmentary  atrophy  164. 

Pigmentary  infiltration,  liver  766. 

Pigmentations  161 — from  hemorrhage 
84,  162 — from  inflammation  162. 

Pigmented  sarcoma  259. 

Piles  430. 

Pineal  gland  604 — tumours  of  604. 

Pituitary  body,  tumours  of  605. 

Pityriasis  rubra  921. 

Pityriasis  versicolor  942 — fungus  318, 

Placenta,  diseases  892 — calcification  892 
— fatty  degeneration  892 — hemorrhage 
892 — inflammations  892 — periarteritis 
nodosa  892 — syjihilis  892 — white  infarc- 
tion 892. 

Platycephalus  4.56. 

Pletiaora  92  —  hydremic  89  —  in  heart 
disease  95. 

Pleura  685 —adhesions  G87— cancer  6S9 
— empyema  687 — hemorrhage  685— 
hydrothorax  686 — inflammations,  see 
pleurisy — necrosis  674 — petechiae  68"' 
—  pneumothorax  688  —  pyo-pneumo- 
th  orax  689 — tuberculosis  688 — tumour.' 
689. 

Pleural  e.xudation,  chylous  87. 
Pleurisy,  acute  686 — adhesions  from  687 

— chronic    687  —empyema  687 — from 

phthisis  674. 
Plexiform  sarcoma  2.5.5,  2.59,  260. 
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Pneuiuococcus  303. 

Pueumonoooniosis  677. 

Pneumonia  044— abscess  649— bacilli  303 
— caseous  658 — catarrhal,  see  broncho- 
pneumonia— caused  by  carbolic  acid 
116— chronic  650,  653— croupous  644 
—  diphtheritic  652  —  embolic  652  — 
gangrene  649  —  hemorrhagic,  646  — 
hepatization  045,  647  —  lobar  644  — 
plithisis  following  649 — pleurisy  650— 
purulent  infiltration  649  —  resolution 
648 — splenization  645 — white  681. 

Pneumouiacoccus  303. 

Pneumothorax  675,  688. 

Poisons,  mode  of  causing  disease  10. 

Poisons,  morbid,  nature  of  11. 

Poliomyelitis  524— anterior  532,  534 — 
anterior,  trophic  lesions  533. 

Polydactylism  41. 

Pons  varolii  505,  542 — secondary  de-  | 
generations  .575. 

Porencephalus  550. 

Posterior  columns,  sclerosis  of  527. 

Posterior  root  zones  528. 

Posterior  sclerosis  527  —  functional  j 
changes  529  —  joint-affections  530 —  I 
muscular  atrophy  530 — nerves  529 —  i 
trophic  lesions  530.  i 

Pott's  curvature  of  spine  484. 

Predisposition  to  disease  9 — inherited 
21. 

Pregnancy,  atrophy  of  skin  917— extra- 
uterine or  ectopic  871 — molar  890 — 
tubal  872. 

Pressure,  cause  of  hypertrophy  181 — 
reduction  as  cause  of  haemorrhage,  81. 
Primary  adhesion  183. 
Proctitis  741. 

Progressive  muscular  atrophy  535  — 
functional  affections  in  536— syringo- 
myelia in  .536. 

Prolapse  of  intestine  737. 

Prolapsus  ani  737. 

Prosopo- thoracopagus  3.5. 

Prostate,  concretions  912 — hypertrophy 
911— myoma  238— tuberculosis  912. 

Protozoa  as  parasites  322. 

Prurigo  922. 

Psammoma  245— brain  582— meninges 
602. 

Pseudarthrosis  476. 
Pseudo-hermaphroditism  8.56. 
Pseudo-hypertrophic  paralysis  .538. 
Pseudo-hypertrophy  179. 
Psoas  abscess  480. 
Psoriasis  921. 
Ptomaines  144,  282,  285. 
Puerperal  endometritis  868. 
Puerperal  fever  871. 

Pulex  irritans  346— penetrans  346.  ' 
Pulmonary  artery,  congenital  stenosis 
360,  362. 

Pulmonary  emphysema  031— complemen- 
tary 633 — interlobular  (i31— substantial 
032— vesicidar  631 — vicarious  633. 

Pulmonary  valve,  congenital  malforma- 
tion 363. 

Pulse  in  fever  3.57. 

Purpura  hiemorrhagica  82,  915,  910.  i 


PMulent   exudation   131  —  infiltratioa 

Pus  131. 

Pustule  920. 

Putrid  poisoning  285. 

Pyemia  287,  391,  428,  407— arthritis  in 

498— ^from   ear   disease   567 — Iddney 

825.  * 

Pyelitis  827— calculous  828— suppurative- 
828. 

Pyelonephritis  828. 

Pylorus,  obstruction  716,  718,  721,  72.5. 
Pyogenic  membrane  133. 
Pyogenic  micrococci  292. 
Pyonephrosis  831. 
Pyo-pneumothorax  689. 
Pyosalpinx  868. 
Pyramidal  tract  516. 
Pyrexia  348— blood-pressure    in  357— 
causation  and  forms  351 — dicrotism 

357—  in  inflammation  125 — in  tuber- 
culosis 206 — nervous  disturbances  in 

358 —  from  nervotis  lesions  352 — pulse 
357— respirations  357— stages  353— 
state  of  sldn  354 — theories  356. 

Quinsy  707,  708. 

Race,   determining    susceptibilities  to 
disease  21 — result  of  inheritance  16.  ' 
Rainey's  tubes  as  parasites  323. 
Ranula  702— pancreatica  788. 
Ray  fungus  309. 
Raynaud's  disease  63. 
Recovery  from  disease  25. 
Rectocele  862. 

Reduplication  of  parts,  as  malformation 
41. 

Regeneration  182,  184— bone  474. 
Relapsing  fever,  microbe  301. 
Repair  of  injuries  183. 
Reproduction  of  lost  parts  182. 
Resolution  of  inflammation  139. 
Respirations  in  fever  357. 
Restitutio  ad  integrum  139. 
Retention  cysts  248. 

Retina,  detachment  951 — embolism  951 
—glioma  245,  953 — inflammation  950. 

Retinitis  950 — albuminuric  950  —  pig- 
mentary 951. 

Retrograde  changes  143. 

Rhabdomyoma  230. 

Rhachischisis  45. 

Rheumatism,  acute  383 — fibroma  in  skin 

940— arthritis  499,  500. 
Rhinitis  007. 
Rhinoliths  009. 

Ribs,  supernumerary,  cervical,  and  lum- 
bar 41,  455. 

Rickets  456— deformities  460 — ossifica- 
tion 4.57 — recovery  from  462. 

Rigidity,  late,  of  hemiplegia  521. 

Rigor  of  fever  353. 

Ringworm  942— fungus  318. 

Rolando,  fissure  545. 

Root-zones  of  cord  515. 

Roseola  921. 

Rotatory  curvature  of  spine  486. 
Round-celled  sarcoma  257. 
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Round-worms  336. 
Rupture,  sec  hernia. 

•Saccharomyces  cerevisiie  310. 
Sacral  tumours  252. 
Sago-si^leen  447. 

Salivary  glands,  myxoma  of  232. 
Salpingitis   868 — hiemabosalpinx    868 — 

hyolrosalpinx  868  —  pyosalpinx  868  — 

tubercular  873. 
Saprophytes  284. 
Saprophytic  bacteria  289 
Sarcina  290. 

Sarcoma  253 — alveolar  260 — bone  492 — 
brain  582 — cord  540 — cysts  256 — eye- 
ball 953 — giant-celled  257 — gland  tissue 
in  256 — Iddney  842 — lung  683 — mamma 
897 — lymphatic  glands  441 — melanoid 
257  — meninges  603  — mouth  701  — 
myelogenous  492  —  myeloid  257  — 
nerves  513 — ossifying  256 — plexiform 
259 — retroperitoneal  795 — round-celled 
257 — secondary  tumours  255 — skin  940 
spindle-celled  257  —  structure  253  — 
subperiosteal  492 — testis  908 — thyroid 
692 — ulceration  in  256 — ovary  889 — 
uterus  879. 

Sausages,  poisoning  by  285. 

Scabies  942. 

Scaphocephalus  456. 

Scarlet  fever,  arthritis  498 — bacillus  309 

—kidney  827. 
Schistoprosopus  46. 
Schizomycetes  278. 
Scirrhus  272 — mamma  900. 
Sclerema  neonatorum  930. 
Scleroderma  935. 

Sclerosis  of  brain  568 — of  spinal  cord,  see 

grey  degeneration. 
Sclerotic,  affections  of  947. 
Scoliosis  486. 
Scrofula  438— bone  478. 
Scrofuloderma  932. 
Scrofulous  tubercle  of  braiu  576. 
Scrotum,  cancer  911 — elephantiasis  212 

— lympli-scrotum  911. 
Scurvy  82,  915— condition  of  mouth  698. 
Senile  emphysema  636. 
Senile  gangrene  145. 
Sensory  region  of  brain  500. 
Sepsin  285.  _ 

Septicsemia  in  mice  21,  288. 

Septic  poisoning  285. 

Septum  auriculorum,  defects  of  362. 

Septum  ventrioulorum,  defects  of  361. 

Sequestrum  in  bone  471,  479. 

Serous  exudation  in  inflammation  120. 

Serous  membranes,  tuberculosis  204. 

Sex,  influence  on  liability  to  disease  24. 

Siamese  twins  35. 

Sigmoid  flexure,  twisting  735. 

Sinuses  of  brain,  thrombosis  in  67. 

Siren  50. 

Situs  transversus  51. 

Skin,  acne  922— Addison's  keloid  935— 
alopecia  917 — anthrax  929— atrophies 
916— baldness  917— boil  927— bulla  920 
— burns  and  scalds  925 — cadaveric 
poisoning  927— callosity  937 — cancer 


940— carbuncle  927— chilblain  926- 
comedo  922 — condyloma  931— corn  937 
cyanosis  915— cysts  249,  916— ecchymo- 
sis  915— eczema  921 — epidermis  913— 
eruptions  919— eiysipelas  929— erythe- 
ma 920— excoriations  926— favus  941— 
fibroma  940— framboesia  932 — frost- 
bite 926 — glands  914 — glossy  skin  935 
— gumma  931 — haemorrhage  915 — hairs 
914 — herpes  934 — hospital  gangrene  930 
hyperaemia  915— ichthyosis  9.36 — in- 
flammations 919— keloid  938— larvie 
943— lichen  ruber  921— lupus  932— 
malignant  oedema  929 — milium  922— 
mole  938 — moUuscnm  contagiosum  939 
— morphoea  935 — multiple  fibroma  227 
— nfevus  pigmentosus  938— nails  915 
— oedema  916— papillary  layer  913— 
papule  920 — parchment  skin  916— 
pathological  wart  928— pemphigus  922 
— pemphigus  neonatorum  931 — per- 
forating ulcer  918— petechias  91.5— 
phlegmonous  inflammation  929 — pity- 
riasis rubra  921 — pityriasis  versicolor 
942 — prurigo  922 — psoriasis  921— pur- 
pura 915,  916 — pustule  920 — ringworm 
942 — roseola  920  — sarcoma940 — scabies 
942 — sclerema  neonatorum  936 — scler- 
oderma935 — scrofuloderma  932 — senile 
atrophy  916— small-pox  923 — squama; 
920  —  structure  913  —  s)'cosis  923— 
syphilis  930 — trophoneuroses  934 — 
tuberculosis  204,  931 — tumours  939 — 
ulcers  918 — urticaria  920— vesicle  920 
wart  937,  938— wheal  920— wounds  926 
— xanthelasma  940 — xanthoma  940 — 
xeroderma  916. 

Skin-grafting  188. 

Skull,  malformations  455. 

Sloughing  144,  148. 

Small-pox,  bone-marrow  451 — eruption 
in  mouth  698 — hereditary  16 — racial 
susceptibility  22 — skin  923. 

Softening  of  brain  145,  554. 

Soor  697. 

Sordes  697. 

Spamemia  95. 

Spastic  paralysis  531. 

Specific  newformatious  189. 

Spermatocele  910. 

Sphacelus  144,  148. 

Spina  bifida  45,  46,  591— cord  592— 
membranes  592 — occulta  593 — tumour 
591. 

Spinal  accessory  nerve  in  bulbar  paraly- 
sis 538. 

Spinal  cord  505 — acute  softening  525 — 
amputations  523  —  ascending  grey 
degeneration  522  —  chronic  compres- 
sion 526  —  cysts  590  —  descending 
grey  degeneration  519 — grey  degenera- 
tion 518 — hydromyelia  590 — inflamma- 
tions 524,  see  also  myelitis — lateral 
sclerosis  531 — locomotor  ataxia  527 — 
progressive  muscular  atrophj'  5.35 — 
structure  514 — syringo-myelia  590 — 
tubercular  meningitis  600 — tumours 
540. 

Spindle-celled  sarcoma  257. 


INDEX. 


975 


Spine,  curvatures  483. 

Spirilla,  phagocytes  314. 

Spirillum  Obernioieri  301. 

Spleen  441— acute  tumour  443 — amyloid 
disease  447 — chronic  tumour  444 — 
echinococcus  450— embolic  infarction 
446— hyperremia  and  inflammation  443 
—hypertrophy  445— malformations  443 
—malignant  lymphoma  217— passive 
hyperajmia  445— syphilis  449— tuber- 
culosis 449 — tumours  449. 

Splenic  fever  295. 

Spondylitis  deformans  497. 

Spondylolisthesis  487. 

Spontaneous  anremia  97. 

Spontaneous  disease  14. 

Spores  of  microbes  279. 

Sputum  in  bronchitis  620— in  phthisis 
670. 

SfiuamiB  920. 

Stagnation  of  blood  as  cause  of  thrombo- 
sis 67. 

Staphylococcus  pyogenes    albus   294 — 

aureus  293— in  ostitis  466. 
Stasis,  in  inflammation  123. 
Stern opagus  35. 

^5toraach  713— abscess  721— absorption 

714—  acid  fermentation  714— acids 
and  corrosives  719  —  arsenic  719  — 
atresia  716— atrophy  of  glands  718— 
cancer  723 — cancerous  ulcer  724— car- 
bolic acid  719— catarrh  717,  718— 
cloudy  swelling  714— colloid  cancer  726 
—contractions  716  —  cylinder-celled 
epithelioma  725— dilatation  716— dys- 
pepsia 714— erosions  723— food  714— 
gastromalacia  715— haemorrhage  720, 
722— hour-glass  form  716  -hyperoemia 
722— hypertrophy  716,  717— malforma- 
tions 716— miicous  polypi  719,  727 — 
myoma  238,  727— perforating  ulcer  719 
—perforation  720— phlegmonous  in- 
flammation 717— post-mortem  changes 

715—  pustules  714— rupture  715— scir- 
rhus  726— soft  cancer  726— softening 
715— syphilis  723— tuberculosis  723— 
tumours  723— ulcer  719— vomiting  715 
722.  ° 

Stomatitis  696— aphthous  697— follicular 

697 — gangrenous  698. 
Strangulation  of  hernia  734. 
Streptococcus  erysipelatis  292 — pyogenes 

albus  294. 
Stricture  of  urethra  8.53. 
Strongylus,  duodenalis  340— gigas  341— 

in  lung  685. 
Struma  690. 

Stump,  neuroma  in  240. 
Sugillation  83. 

Supernumerary  arms  40  — bones  4.55— 

legs  37. 
Suppuration  131. 

Susceptibility  to  disease  9— determined 
by  age  and  sex  23,  24— determined  by 
race  21 — inherited  21. 

Sutures,  closure  of  455. 

Sweating,  bloody  82. 

Swine  erysipelas,  bacillus  310. 

Swine  plague,  bacillus  310. 


Swine,  tuberculosis  209. 
Sycosis  923. 

Sympathetic,  diabetes  mellitus  112  — 
efl'ects  of  pressure  58. 

Sympus  50. 

Syncephalus  35. 

Synostosis  455,  497. 

Synovitis,  see  arthritis. 

Syphilis  190— arteries  196— bacillus  307 
—bone  481— brain  577— causation  190 
—congenital  197  —  cord  540  —  dura 
mater  578— ear  959,  96U— fauces  709— 
hereditary  10,  196— incubation  191- 
intestine  747— kidney  838— larynx  615 
— Uver  775  — lung  681  —  lymphatic 
glands  191,  440— mamma  894— mouth 
700— pancreas  787— pemphigus  931— 
primary  lesion  190— secondary  lesions 
191— skin  930— spleen  447,  449— ter- 
tiary lesions  193— testis  906— ulcera- 
tion 194 — uterus  873. 

Syringocele  46. 

Syringo-myelia  590. 

Syringo-myelocele  592. 

Systematic  myelitis  524 

Tabes  dorsalis,  see  posterior  sclerosis. 

Trenia,  cceuurus  336— cucumerina  330— 

echinococcus  332 — flavo-puncta  336  

Madagasoariensis  336— marginata  336 
— mediooanellata  330— saginata  330— 
serrata  330— solium  325. 

Tail,  as  a  malformation  41. 

Talipes  494— calcaneus  495— varus  495 
— valgus  495. 

Tape-worms  325. 

Tattooing  164,  435. 

Teeth,  caries  703— cysts  705— exostosis 
705  —  inflammation  704  —  leptothrix 
292,  704— odontoma  705— osteoma  705 
—secondary  dentine  704— structure 
703— syphilis  705— tumours  705. 

Temperature,  normal  348— post-mortem 
rise  351— regulation  350— resistance  to 
changes  in  living  structures  6. 

Tendon  reflex  521. 

Teratology  29. 

Teratoma  252— sacral  38— ovary  887. 

Terminations  of  disease  2.5. 

Testicle  905— cancer  908— cryptorchismus 
905  — cystic  tumours  907  — dermoid 
cysts  908— enchondroma  908— inflam- 
mation 905— malformations  905— mis- 
placements 905— sarcoma  908— syphilis 
906— tuberculosis  204,  906. 

Tetanus  .573. 

Thoracic  duct,  obstruction  of  87,  434. 

Thoracopagus  36— parasitic  36. 

Thread-worm  340. 

Throat,  relaxed  707. 

Thrombophlebitis  567,  427. 

Thrombosis  64— causation  67— cerebral 
552— cerebral  sinuses  557 — from  alter- 
ation of  wall  68— from  marasmus  67 — 
gangrene  72  —  inflammation  71— jms- 
sive  hypenemia  71— portal  vein  762— 
septic  71— veins  427. 

Thrombus,  absorption  70 — encapsuling 
embolus  73  — forms  66— globular  in 
heart  308  — growth  08— heart  367 — 
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organization  70 — polypoid  in  heart  369 
— red  65 — softening  09 — white  66. 

Thrush  697— fungus  318. 

Thymus  694 — Hassal's  concentric  bodies 
694 — Hodgkin's  disease  694 — ]euka3mia 
694 — syphilis  694 — tuberciilosis  694. 

Thyroid  690— adenoma  691— atrophy  692 
cancer  692 — extirpation  693 — fibrous 
induration  691  —  hypertrophy  091  — 
myxcedema692 — sarcoma  692 — second- 
ary in  bone  493 — tumours  692. 

Tinea  favosa  941 — marginata  942 — sycosis 
942 — tonsurans  942. 

Toes,  defects  51 — supernumerary  4.55. 

Tongue,  cancer  702 — diabetes  113 — furred 
697 — hairs  701 — inflammation  699 — 
macroglossia  701. 

TonsiUitis  708. 

Tonsils,  hypertrophy  708. 

Torula  cere%'isi3e  316 

Trachoma  945. 

Transfusion  of  blood  93 

Transplantation  187 — bone  188,  476 — 
spontaneous  187. 

Transposition,  great  vessels  363 — liver 
760 — viscera  51. 

Transverse  myelitis  524. 

Traumatic  aneurysm  423 — haemorrhage  81 

Trematoda  323. 

Trichina  spiralis  337. 

Trichinosis  337. 

Trichocephalus  dispar  340. 

Trichophyton  tonsurans  942. 

Tricuspid  valve,  insufficiency  401, 

Triple  monsters  40. 

Trophic  causes  of  gangrene  145. 

Trophic  changes  after  division  of  nerves 
511. 

Trophic  lesions  in  posterior  sclerosis  530. 

Trophoneurosis,  skin  934. 

Tube-casts,  kidney  819. 

Tubercle,  crude  657 — fibrous  transforma- 
tion 203  — grey  657  — miliary  200  — 
miliary,  relation  to  bacillus  201. 

Tubercula  dolorosa  241. 

Tubercular  bacillus,  phagocytes  31(4. 

Tubercular  meningitis  598 — brain  569 — 
hydrocephalus  588. 

Tubercular  pericarditis  396. 

Tuberculization  202. 

Tuberculosis  197 — arteries  601 — artificial 
production  306  —  bacillus  304  —  bile 
ducts  778 — bone  478 — bone,  healing 
480 — brain  576 — causation  197 — cavity 
203  — childhood  23  — cord  540  — con- 
tagiousn  ess  200 — ear  959 — ex  ten  sion  205 
— ^Fallopian  tubes  873 — fauces  709 — gen- 
eral 206 — general  from  phthisis  677 — 
general,  lung  681 — in  animals  200,  208 
— inheritance  200 — inoculability  199 — 
intestine  747 — kidney  839— larynx  615 
—liver  777— local  204— lymphatics  433 
— lymphatic  glands  438 — mamma  894 
— meninges  598 — mouth  700 — ovaries 
874 — pancreas  787 — peritoneum  793 — 
prevention  by  isolation  307 — prostate 
912— skin  931— spleen  449— testis  906— 
ulcer  203 — urethra  854 — urinary  blad- 
der 849— uterus  874. 


Tumours  219 — caused  by  injuries  aud 
irritations  221 — classification  225 — de- 
generations 224 — generalization  223 
growth  and  extension  222 — inheritam 
221  —  malignancy  223  —  microbes  in 
causation  221 — nomenclature  225 — 
origin  220 — pigmentation  163 — relation 
to  congenital  diseases  15 — skin  939 — 
structure  219 — treatment  by  microbe 
of  erysipelas  293. 

Tunica  vaginalis,  hsematocele  909 — 
hydrocele  909 — spermatocele  910. 

Tvirck,  columns  516. 

Twins,  as  double  monsters  35 — bearing 
on  inheritance  IS — united  34,  35. 

Twisting  of  intestine  735. 

Two-headed  nightingale,  double  monster 
40. 

Typhlitis  740. 

Typhoid  fever,  brain  569 — healed  ulcers 
746 — intestine  744 — Oliver  778 — microbe 
300— ulcers  745. 

Typhiis  915 — ^haimorrhage  82 — of  the 
limbs  466. 

Typical  tumours  219,    227— occasional 

malignancy  of  224. 
Tyrosine  768. 

Ulceration  141 — cancer  265,  268 — sar- 
coma 256 — syphilitic  194. 

Ulcerative  endocarditis,  kidney  825. 

Ulcerative  inflammation  141. 

Ulcer,  perforating,  duodenum  719 — cvso- 
phagus  712 — foot  918 — stomach  719. 

Ulcers,  skin  918 — tubercular  203. 

Umbilical  cord,  hernia  of  48. 

Union,  by  first  intention  184 — by  granula- 
tion 184 — by  second  intention  184. 

Ununited  fractures  476. 

UrEemia  108,  821 — obstructive  and  non- 
obstructive 821 — ptomaines  285. 

Urea,  excretion  in  fever  3.54. 

Ureters,  malformation  805 — obstruction 
829. 

Urethra,  cancer  854 — carunculre  854 — 
dilatation  854 — enlarged  prostate  911— 
false  passages  854 — gonorrhoea  853— 
injiu'ies  853  —  obstruction  829 — stric- 
ture 853— tuberculosis  854 — tumours 
854. 

Uric  acid  calculi  851,  852. 

Urinary  bladder  845— calculi  850,  see  urin- 
ary calculi — cancer  850 — dilatation  and 
hypertrophy  846 — diverticula  846— ex- 
travasation of  mine  845 — fistula  840 — 
hemorrhage  847 — hajmorrhoids  847— 
inflammation  848 — malformations  84o 
papilloma  850 — parasites  850 — perfora- 
tion 845— rupture  845  —  sand  and 
gravel  851 — tuberculosis  849— tumours 
8.50. 

Urinary  calculi,  basic  phosphate  8.52— 
carbonate  of  lime  852 — cystine  852— 
oxalate  of  lime  852— tribasic  phosphate 
852— uric  acid  851— xanthine  853. 

Urine,  chylous  845 — extravasation  S4a 
— secretion  803. 

Urinogcnital  tuberculosis  204. 

Urticaria  90,  921. 
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uterus,  adenoma  880 — adhesions  around 
869 — anteflexion  862— anteversion  862 
atrophy  866 — bicoi-nis  860— cancer  876 
cauliflower  cancer  879— cysts  867,  880 
— defect  858— descent  861 — dilatation 
866— displacements  863— duplex  859 — 
dysmenorrhcea  membrauacea  864  — 
endometritis  867 — extrauterine  preg- 
nancy 871— flexions  862--gonorrha3a 
868— htematocele  865— hcematoma  864, 
865 — hfematometra  866 — hydrometra 
867  —  hypertrophy  866  —  hypertrophy 
of  cervix  866— imperfect  involution  868 
—induration  867— inflammations  867— 
intraperitoneal  hrematocele  864  —  in- 
version 862  —  leucorrhoea  867  —  mal- 
formations 858— meuorrhagia  863— 
metritis  867 — mucous  polyisi  867,  880 
— myoma  874,  see  also  myoma — myo- 
sarcoma 880 — parametritis  870— para- 
sites 880 — pelvic  cellulitis  870— pelvic 
hsematocele  864— perimetritis  868— 
phlegmasia  dolens  86 — physometra  867 
— procidentia  861— prolapse  861 — puer- 
peral fever  871— retroflexion  862— re- 
troversion 862  —  salpingitis,  see  sal- 
pingitis—sarcoma  879— septus  860— 
thrombosis  863 — tubercular  salpingitis 
87;3 — unicornis  859 — versions  862. 

Vaccination,  immunity  by  311. 
Vaccine,  of  anthrax  298  —  of  various 

microbes  311. 
Vagina,  obstruction  866— prolapse  861. 
Vagus  nerve  in  bulbar  paralysis  538. 
Valves  of  heart,  aneurysm  386. 
Valvular  disease  of  heart  397. 
Varicocele  431. 
Varicose  aneurysm  426. 
Varicose  najvi  242. 
Varix  428— arterialis  422. 
Vascular  tumours  242. 
Vaso-motor  centres,  paralysis  57 — nerves, 

paralysis — 57. 
Vegetable  parasites  277. 
Veins  427— dilatation  428— haemorrhoids 

430— inflammation  427 — myoma  431 — 


newformations  431— obstruction  cause 
of  hemorrhage  85— obstruction  cause 
of  gangrene  145— pavementing  in  in- 
flammation 122— syphilis  431— throm- 
bosis 427— tuberculosis  431— varicocele 
431— varix  428. 
Vein-stones  70. 

Vermiform  appendage,  cyst  753— foreign 
bodies  740— inflammation  740— peri- 
tonitis 740— jierityphlitis  740. 

Vertebroe,  crushing  485— curvatures  483 
—reduplication  41— rickets  461— super- 
numerary 455— tuberculosis  478. 

Vesicle  920. 

Vibices  83. 

Villous  cancer  270. 

Viscera,  transposition  51. 

Vis  medicatrix  natui'oe  25. 

Volvulus  735. 

Vomiting  715 — stercoraceous  756. 

"Wart  246,  937.  938— congenital  246— 

pathologist's  928. 
Waxy  degeneration  164 — muscle  149 — 

spleen  448. 
Wen  249. 
Wheal  920. 
Willis,  circle  of  547. 

Wirsung's  duct,  concretions  788,  dilata- 
tion 788. 
AVood's  tumour  241. 
Wool-sorter's  disease  295,  298. 
Wounds,  healing  of  183 — skin  926. 
AVound-fever  285. 

Xanthine  853. 
Xanthoma  940. 
Xeroderma  916. 
Xiphopagus  35. 

Yeasts  315. 

Yellow  fever,  influence  of  race  22. 
Yellow  tubercle  202. 

Zahn's  observations  on  thrombosis  65 
Zooglosa  278. 
Zymotic  diseases  12. 
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ASH  BY.    NOTES   ON  PHYSIOLOGY  FOR   THE   USE  OF 
STUDENTS    PREPARING     FOR     EXAMINATION  Bv 

f     ?^^r-f?f  M-R.C.P.,  Physician  to  the  General  Hospital 

for  Sick  Children,  Manchester  ;  formerly  Demonstrator  of  Physiologj',  Liver- 
pool School  of  Medicine.  Fifth  Edition,  thoroughly  revised.  With  134 
Illustrations.    Fcap.  Svo,  price  5.r. 


ASHBY  AND  WRIGHT.  THE  DISEASES  OF  CHILD- 
REN, MEDICAL  AND  SURGICAL.  By  HENRY  ASHBY 
M.D.  Lond.,  M.R.C.P.,  Physician  to  the  General  Hospital  for  Sick  Children! 
Manchester;  Lecturer  and  Examiner  in  Diseases  of  Children  in  the  Victoria 
University;  and  G.  A.  WRIGHT,  B.A.,  M.B.  0.xon.,  F.R.C.S.  Enjj., 
Assistant  Surgeon  to  the  Manchester  Royal  Infirmary  and  Surgeon  to  the 
Children  s  Hospital.    With  13S  Illustrations.    Svo,  price  21s 


BARKER.  A  SHORT  MANUAL  OF  SURGICAL  OPERA- 
TIONS, HAVING  SPECIAL  REFERENCE  TO  MANY  OF 
THE  NEWER  PROCEDURES.  By  ARTHUR  E.  J.  BARKER, 
F.R.C.S.,  Surgeon  to  University  College  Hospital,  Teacher  of  Practical 
Surgery  at  University  College,  Professor  of  Surgery  and  Pathology  at  the 
Royal  College  of  Surgeons  of  England.  With  61  Woodcuts  in  the  Text. 
Crown  Svo,  price  12s.  6(f. 


BENNETT.    CLINICAL  LECTURES  ON  VARICOSE  VEINS 
OF    THE    LOWER    EXTREMITIES.     Ky   WILLIAM  H. 

BENNETT,  F.R.CS.,  Surgeon  to  St.  George's  Hospital  ;  Member  of  the 
Board  of  Examiners,  Royal  College  of  Surgeons  of  England.  With  3  Plates. 
Svo.  6s. 
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BENTLEY.    A  TEXT-BOOK  OF  ORGANIC  MATERIA  MEDICA. 

Comprising  a  Description  of  the  Vegetable  and  Animal  Drugs  of  the  British 
Pharmacopceia,  with  some  others  in  common  use.  Arranged  Systematically 
and  Especially  Designed  for  Students.  By  ROBERT  BENTLEY,  M.R.C.S. 
Eng.,  F.L.S.,  Fellow  of  King's  College,  London;  Honorary  Member  of  the 
Pharmaceutical  Society  of  Great  Britain,  &c.  &c.  ;  one  of  the  three  Editors 
of  the  "  British  Pharmacopoeia,"  1885.  With  62  Illustrations  on  Wood. 
Crown  8vo,  price  Ts.  6d. 


COA  rS.    A  MANUAL  OF  PATHOLOGY.  By  JOSEPH  COATS, 

M.D.,  Pathologist  to  the  Western  Infirmary  and  the  Sick  Children's 
Hospital,  Glasgow;  Lecturer  on  Pathology  in  the  Western  Infirmary; 
Examiner  in  Pathology  in  the  University  of  Glasgow  ;  formerly  Pathologist  to 
the  Royal  Infirmary,  and  President  of  the  Pathological  and  Clinical  Society  of 
Glasgow.  Second  Edition.  Revised  and  mostly  Re-written.  With  364 
Illustrations.    8vo,  price  31J.  6d. 


COOKE.     TABLETS   OF   ANATOMY.    By  THOMAS  COOKE, 

F.R.C.S.  Eng.,  B.A.  B.Sc.  M.D.  Paris,  Senior  Assistant  Surgeon  to  the 
Westminster  Hospital,  and  Lecturer  at  the  School  of  Anatomy,  Physiology, 
and  Surgery.  Being  a  Synopsis  of  Demonstrations  given  in  the  Westminster 
Hospital  Medical  School  in  the  years  1871-75-  Eighth  Thousand,  being  a 
selection  of  the  Tablets  believed  to  be  most  useful  to  Students  generally. 
Post  4to,  price  ^s.  6d. 


D\CK\HSOH.— WORKS  by   W.  HOWSHIP  DICKINSON,  M.D. 

Cantab.,  F.R.C.P.,  Physician  io,  and  Lecturer  on  Medicine  at,  St.  Ceori;e's  Hospital; 
Consulting  Physician  to  the  HosMtal  for  Sick  Children  I  Cor>espo7idin?  Member  oj  the 
.  Academy  of  Medicine  of  Neui  York. 

ON  RENAL  AND  URINARY  AFFECTIONS.  Complete  in  Three 
Parts,  8vo,  with  12  Plates  and  122  Woodcuts.    Price  £1  A^.  6d.  cloth. 

*^*  The  Parts  can  also  be  had  separately,  each  complete  in  itself,  as  follows  :— 

Part    I. — Diabetes,  price  10s.  6d.  sewed,  \2s.  cloth. 
„     II. — Albuminuria,  price  £i  sewed,  £\  is.  cloth. 
„    III.— Miscellaneous  Affections  of  the  Kidneys  and  UHne,  price  £\  ioj 
sewed,  £\  \\s.  dd.  cloth. 

THE  TONGUE  AS  AN  INDICATION  OF  DISEASE ;  beingjhe 

Lumleian  Lectures  delivered  at  the  Royal  College  of  Physicians  in  March,  iSSS. 
Svo,  price  Ts.  6d. 
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THE  SCIENCE  AND  ART  OF  SURGERY:  A  TREATISE 
ON  SURGICAL  INJURIES,  DISEASES,  AND  OPE^NS 
yI^T  -?        '  Professor  BECK,  M.S.  &  M.B.  (Lend.), 

University  College  Hospital,  &c.    Illustrated  by  1025 
l^ngravings  on  Wood.    2  Vols.    8vo,  price  48^. 

ON  CONCUSSION  OF  THE  SPINE.  NERVOUS  SHOCKS 

Medinl^"  ^"J"""''  °^  Sy^'^"^       their  Clinical  and 

Medico-Legal  Aspects.    New  and  Revised  Edition.    Crown  8vo,  10..  6rf. 

GAIRDNER  and  COATS.    ON  THE  DISEASES  CLASSIFIED 

by  the  REGISTRAR-GENERAL  as  TABES  MESENTERICA  T  Fr 
TURES  TO  PRACTITIONERS.  By  W.  T.  GAIRDNER,  M  D  LL  D 
On  the  PATHOLOGY  of  PHTHISIS  PULMONALIS  Bv  TOSEPH 
COATS,  M.D.    With  28  Illustrations.    8vo,  price  12x  6^.'  -^^^^^^^ 

^^^^9^""^^^^^^-^  ^LF^ED  BARING  GARROD,  M.D 

J'.A.^.,  &^c.:  Physician  Extraordinary  to  H.M.  iheQueen;  Consulting  Physician  to 

King's  College  Hospital. 

A    TREATISE    ON    GOUT    AND    RHEUMATIC  GOUT 

(RHEUMATOID  ARTHRITIS).  Third  Edition,  thoroughly  revised 
and  enlarged;  with  6  Plates,  comprising  21  Figures  (14  Coloured),  and  27 
Illustrations  engraved  on  Wood.    8vo,  price  2U. 

THE  ESSENTIALS  OF  MATERIA  MEDICA  AND  THERA- 
PEUTICS.   The  Twelfth  Edition,  revised  and  edited,  under  the  suiier- 
vision  of  the  Author,  by  NESTOR  TIRARD,  M.D.  Lond  FRCP 
Professor  of  Materia  Medica  and  Therapeutics  in  King's  College,  London  &c' 
Crown  Svo,  price  \2s.  6d. 

GARROD.    AN  INTRODUCTION  TO  THE  USE  OF  THE 

LARYNGOSCOPE.     By  ARCHIBALD  G.  GARROD,  M.A.,  M.B 
Oxon.,  M.R.C.P.    With  Illustrations.    Svo,  price  35-.  6J. 

GRAY.     ANATOMY,   DESCRIPTIVE   AND  SURGICAL  By 

HEx\RY  GRAY,  F.R.S.,  late  Lecturer  on  Anatomy  at  St.  George's 
Hospital.  The  Eleventh  Edition,  re-cdited  by  T.  PICKERING  PICK 
Surgeon  to  St.  George's  Hospital ;  Member  of  the  Court  of  Examiners,  Royal 
College  of  Surgeons  of  England.  With  569  large  Woodcut  Illustrations,  a 
large  proportion  of  which  are  Coloured,  the  Arteries  being  coloured  red,  the 
Veins  blue,  and  the  Nerves  yellow.  The  attachments  of  the  muscles  to'  the 
bones,  in  the  section  on  Osteology,  are  also  shown  in  coloured  outline.  Royal 
Svo,  price  36^-. 
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H/KSSM-L.— WORKS  by  ARTHUR  HILL  HASSALL,  M.D.  London, 

Member  of  the  Royal  College  of  Physicians  of  England;  late  Senior  Physician  to  the 
Royal  Free  Hospital;  Founder  of,  and  Consulting  Physician  to,  the  Rojal  National 
Hospital  for  Consumption  and  Diseases  of  the  Chest, 

SAN  REMO  CLIMATICALLY  AND  MEDICALLY  CON- 
SIDERED.   New  Edition,  with  30  Illustrations.    Crown  8vo,  price  5^. 

THE  INHALATION  TREATMENT  OF  DISEASES  OF  THE 
ORGANS  OF  RESPIRATION,  INCLUDING  CONSUMP- 
TION.   With  numerous  Illustrations.    Crown  8vo,  price  12^.  (id. 


HOLMES.  A  SYSTEM  OF  SURGERY,  Theoretical  and  Practical, 
in  Treatises  by  various  Authors.  Edited  by  TIMOTHY  HOLMES,  M.A., 
Surgeon  to  St.  George's  Hospital;  and  J.  W.  HULKE,  F.R.S.,  Surgeon  to 
the  Middlesex  Hospital  and  to  the  Royal  London  Ophthalmic  Hospital. 
Third  Edition,  in  Three  Volumes,  with  Coloured  Lithographic  Plates  and 
numerous  Illustrations  engraved  on  Wood.    3  Vols. ,  royal  8vo,  price  £df  4?. 


LADD.  ELEMENTS  OF  PHYSIOLOGICAL  PSYCHOLOGY: 
A  TREATISE  OF  THE  ACTIVITIES  AND  NATURE  OF 
THE  MIND  FROM  THE  PHYSICAL  AND  EXPERI- 
MENTAL POINT  OF  VIEW.  By  GEORGE  T.  LADD,  Pro- 
fessor of  Philosophy  in  Yale  University.   With  113  Illustrations.  Svo,  price  2i.r. 


LITTLE.    ON   IN-KNEE  DISTORTION  (Gexu  Valgum):  Its 

Varieties  and  Treatment  with  and  without  Surgical  Operation.  By  W.  J. 
LITTLE,  M.D.,  F.R.C.P.  ;  Author  of  "The  Deformities  of  the  Human 
Frame,"  &c.  Assisted  by  MUIRHEAD  LITTLE,  M.R.C.S.,  L.R.C.P. 
With  40  Woodcut  Illustrations.    Svo,  price  7^.  td. 


\JN^\W(1.— WORKS  by  ROBERT  LIVEING,  ALA.      M.D.  Cantab., 

F.R.C.P.  Lond.,  i^c.  Physician  to  the  Department  for  Diseases  of  the  Siin  at  the  Mid- 
dlesex Hospital,  &'c. 

HANDBOOK  ON  DISEASES  OF  THE  SKIN.  With  especial 
reference  to  Diagnosis  and  Treatment.  Fifth  Edition,  revised  and  enlarged. 
Fcap.  Svo,  price  5^-. 

NOTES    ON    TPIE    TREATMENT    OF    SKIN  DISEASES. 

Fifth  Edition.    iSmo,  price  35. 

ELEPHANTIASIS    GR^CORUM,    OR   TRUE  LEPROSY; 

Being  the  Goulstonian  Lectures  for  1873.    Cr.  Svo,  4J.  6d. 
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THE    ILLUSTRATED    OPTICAL   MAMTTAT  xr.^,^ 
BOOK   OF  INSTRUCTIONS  FOP  THE  GUIDA^ 
SURGEONS  IN  TESTING  QUALITY^Inb"^  R^nGE  OF 
VISION,  AND  IN  Distinguishing  and  Dealing  with  Optical 

Defects  IN  general.  illustrated  by  74  Drawings  and  Diagrams  by 
S;"e'ir^'  I^ourtlf  Edition' 

GUNSHOT  INJURIES.  Their  History,  Characteristic  Features  Con.- 
plications  and  General  Treatment ;  with  Statistics  concerning  them  Ls  thev 
are  met  with  :n  Warfare.    With  58  Illustrations.    8vo,  price  ' 

MITCHELL.    DISSOLUTION  AND  EVOLUTION  AND  THF 

SCIENCE  OF  MEDICINE  :    An  Attempt  to  Co-oSnate  the  l^l 

^^^^^  EUTHANASIA;  or,  MEDICAL  TREATMENT  IN  AID 
OF  AN  EASY  DEATH.  Ey  WILLIAM  MUNK,  M.D.,  F.  S.A  Fellow 
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A  TREATISE  ON  THE  CONTINUED  FEVERS  OF  GREAT 
BRITAIN.    Third  Edition,  Edited  by  W.  CAYLEY,  M  D  FRCP 
With  6  Coloured  Plates  and  Lithographs,  19  Diagrams  and  20  Woodcut  Illus- 
Irations.    8vo,  price  25J. 

CLINICAL  LECTURES  ON  DISEASES  OF  THE  LIVER 
JAUNDICE.  AND  ABDOMINAL  DROPSY  ;  Including  the  Croon- 
lan  Lectures  on  Functional  Derangements  of  the  Liver,  delivered  at  the  Royal 

m^ONVoN  m'iT^'"  ^'"'^'^        T.  LAUDER 

iiKUINlUJN,  M.D.    bvo,  price  24J-. 

NEWMAN.  ON  THE  DISEASES  OF  THE  KIDNEY 
AMENABLE  TO  SURGICAL  TREATMENT.  Lectures  to 
Practitioners.  By  DAVID  NEWMAN,  M.D.,  Surgeon  to  the  Western 
Infirmary  Out-Door  Department  ;  Pathologist  and  Lecturer  on  Palholocv  at 
the  Glasgow  Royal  Infirmary  ;  Examiner  in  I'athology  in  the  Univcrsi'tv  of 
Glasgow  ;  Vice-President  Glasgow  Pathological  and  Clinical  Society  Svo 
price  i6j.  " 
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OWEN.  A  MANUAL  OF  ANATOMY  FOR  SENIOR  STUDENTS. 

By  EDMUND  OWEN,  M.B.,  F.R.S.C.,  Surgeon  to  St.  Mary's  Hospital, 
London,  and  co-Lecturer  on  Surgery,  late  Lecturer  on  Anatomy  in  its  Medical 
School.    With  210  Illustrations.    Crown  8vo.,  price  12s.  6d. 


PAGET— WORKS  by  Sir  JAMES  PAGET,  Bart.,  F.R.S.,  D.C.L. 

Oxon.,  LL.D.  Cantab.,  cr'c.,  Sergeant-Surgeon  to  the  Queen,  Surgeon  to  the  Prince  oj 
Wales,  Consulting  Surgeon  to  St.  Bartholomew  s  Hospital. 

LECTURES  ON  SURGICAL  PATHOLOGY,  Delivered  at  the 
Royal  College  of  Surgeons  of  England.  Fourth  Edition,  re-edited  by  the 
AUTHOR  and  W.  TURNER,  M.B.    8vo,  with  131  Woodcuts,  price  2ix. 

CLINICAL  LECTURES  AND  ESSAYS.    Edited  by  F.  HOWARD 

MARSH,  Assistant-Surgeon  to  St.  Bartholomew's  Hospital.  Second  Edition, 
revised.,  8vo,  price  \^s. 


QUAIN.     QUAIN'S    (JONES)  ELEMENTS    OF  ANATOMY. 

The  Ninth  Edition.  Re-edited  by  ALLEN  THOMSON,  M.D.,  LL.D., 
F.R.S.  L.  &  E.,  formerly  Professor  of  Anatomy  in  the  University  of  Glasgow; 
EDWARD  ALBERT  SCHAFER,  F.R.S. ,  Professor  of  Physiology  in  Uni- 
versity College,  London  ;  and  GEORGE  DANCER  THANE,  Professor  of 
Anatomy  in  University  College,  London.  With  upwards  of  looo  Illustrations 
engraved  on  Wood,  of  which  a  large  proportion  are  Coloured.  2  Vols,  medium 
Svo,  price  i8j.  each. 


QUAIN.  A  DICTIONARY  OF  MEDICINE;  Including  General 
Pathology,  General  Therapeutics,  Hygiene,  and  the  Diseases  peculiar  to 
Women  and  Children.  By  Various  Writers.  Edited  by  RICHARD  QUAIN, 
M.D.,  F.R.S.,  Physician  Extraordinary  to  H.M.  the  Queen,  Fellow  of  the  Royal 
College  of  Physicians,  Consulting  Physician  to  the  Plospital  for  Consumption, 
Brompton.  Sixteenth  Thousand ;  pp.  1,836,  with  138  Illustrations  engraved 
on  wood.  I  Vol.  medium  Svo,  price  31^.  td.  cloth.  To  be  had  also  in  Two 
Volumes,  price  34J.  cloth. 


RICHARDSON.  THE  ASCLEPIAD.  A  Book  of  Original  Research  in 
the  Science,'  Art,  and  Literature  of  Medicine.  By  BENJAMIN  WARD 
RICHARDSON,  M.D.,  F.R.S.  Published  Quarterly,  price  2.s.  6d.  Volumes 
for  1884,  1885,  1886,  1887,  iSSS  &  1S89,  Svo,  price  12s.  6d.  each. 


SALTER.    DENTAL   PATHOLOGY    AND    SURGERY.    By  S. 

JAMES  A.  SALTER,  M.B.,  F.R.S.,  E.xaminer  in  Dental  Surgery  at  the 
Royal  College  of  Surgeons  ;  Dental  Surgeon  to  Guy's  Hospital.  With  133 
IllustTations.    Svo,  price  iS^, 
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THE  MOTHER'S  MANUAL  OF  CHILDREN'S  DISEASES 

Fcap.  8vo,  price  2J.  6«'.  ■i-'-i-ojz.ASj^b, 


WILLIAMS.     PULMONARY    CONSUMPTION-    ITS  FTTO 
LOGY,  PATHOLOGY,  AND  TREATMENT  '  Wi^an  Z 
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ARNOTT.  THE  ELEMENTS  OF  PHYSICS  OR  NATURAL 
PHILOSOPHY.  By  NEIL  ARNOTT,  M.D.  Edited  by  A.  BAIN, 
LL.D.  and  A.  S.  TAYLOR,  M.D.,  F.R.S.  Woodcuts.  Crown  8vo, 
i2s.  6d.   

BENNETT  AND   MURRAY.    A  HANDBOOK  OF  CRYP- 

TOGAMIC  BOTANY.  By  A.  W.  BENNETT,  M.A.,  B.Sc,  F.L.S., 
and  GEORGE  R.  MILNE  MURRAY,  F.L.S.  With  378  lUustrations. 
8vo,  price  16s. 

CLODD.  THE  STORY  OF  CREATION.  A  Plain  Account  of 
Evolution.  By  EDWARD  CLODD,  Author  of  "The  Childhood  of  the 
World,"  &c.    With  77  Illustrations.    Crown  8vo,  3^.  6d. 


CROOKES.    SELECT  METHODS  IN  CHEMICAL  ANALYSIS 

(chiefly  Inorganic).  By  W.  CROOKES,  F.R.S.,  V.P.C.S.,  Editor  of 
"The  Chemical  News."  Second  Edition,  re- written  and  greatly  enlarged. 
Illustrated  with  37  Woodcuts.    8vo,  price  24J. 


CULLEY.     A  HANDBOOK  OF  PRACTICAL  TELEGRAPHY. 

By  R.  S.  CULLEY,  M.I.C.E.,  late  Engineer-in-Chief  of  Telegraphs  to  the 
Post  Office.  Eighth  Edition,  completely  revised.  With  135  Woodcuts  and 
17  Plates,  8vo,  i6^.   

EARL.  THE  ELEMENTS  OF  LABORATORY  WORK.  A 
Course  of  Natural  Science  for  Schools.  By  A.  G.  Earl,  M.A.,  F.C.S.,  late 
Scholar  of  Christ  College,  Cambridge ;  Science  Master  at  Tonbridge  School.  With 
57  Diagrams  and  numerous  Exercises  and  Questions.    Crown  8vo,  price  4?.  (>d. 


FORBES.    A  COURSE  OF  LECTURES  ON  ELECTRICITY. 

Delivered  before  the  Society  of  Arts.  By  GEORGE  FORBES,  M.  A.,  F.R.S. 
(L.  &  E.)    With  17  Illustrations.    Crown  8vo,  51. 


GALLOWAY.  THE  FUNDAMENTAL  PRINCIPLES  OF 
CHEMISTRY  PRACTICALLY  TAUGHT  BY  A  NEW 
METHOD.  By  ROBERT  GALLOWAY,  M.R.I. A.,  F.C.S.,  Honorary 
Member  of  the  Chemical  Society  of  the  Lehigh  University,  U.S.  ;  Author  of 
"  A  Treatise  on  Fuel,  Scientific  and  Practical,"  &c.    Crown  8vo,  6s.  6d. 


GIBSON.     A  TEXT-BOOK  OF  ELEMENTARY  BIOLOGY. 

By  R.  J.  HARVEY  GIBSON,  M.A.,  F.R.S. E.,  Lecturer  on  Botany  in 
University  College,  Liverpool.    With  192  Illustrations.    Crown  Svo,  price  6s. 
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GANOT.        ELEMENTARY     TREATISE     ON  PHYSICS- 

fnT'lr'^f '  and  Applied  for  the  use  of  Colleges  and  Schools.  Translated' 

sanction) 

by  E.  ATKIxNSON,  P^,.D  F.C.S.,  Professor  of  Experimental  Science,  Staff 
College,  Sandhurst.  Twelfth  Edition,  revised  and  enlarged,  with  5  Coloured 
Plates  and  923  Woodcuts.    Large  crown  8vo,  price  15s. 

NATURAL  PHILOSOPHY  FOR  GENERAL  READERS 
AND  YOUNG  PERSONS ;  Being  a  Course  of  Physics  divested 
of  Mathematical  Formulas,  and  expressed  in  the  language   of  daily  life 

?'rS' rtcnM  ^^r^''  ^""''^  "'^  ^^'^^'^"^  (^^'^^  A'^thor's  sanction)  by 
E.  ATIvINSON.  Ph.D„  F.C.S.  Sixth  Edition,  carefully  revised;  with  34 
pages  of  New  Matter,  2  Coloured  Plates,  and  518  Woodcuts,  and  an  Appendix 
ot  Questions.    Crown  8vo,  price  ■js.  6d. 


GOODEVE.--n^OJ?JirS  by  T.  M.  GOODEVE,  M.A.,  Barrister-at- 

^Jjrofcssor  of  Mechanics  at  ike  Nor.nal  Sckool  ofScLce  an,  L  J^JZcTJif 

PRINCIPLES     OF    MECHANICS.      New  Edition,   re.written  and 
enlarged.    With  253  Woodcuts  and  numerous  Examples.    Crown  8vo,  6s. 

THE  ELEMENTS  OF  MECHANISM.  New  Edition,  rewritten 
and  enlarged.    With  342  Woodcuts.    Crown  8vo,  6s. 

A  MANUAL  OF  MECHANICS:  an  Elementary  Text-Book  for 
Students  of  Applied  Mechanics.  With  13S  Illustrations  and  Diagrams,  and 
141  Examples  taken  from  the  Science  Department  Examination  Papers,  with 
Answers.    Pep.  8vo,  zs.  6d.  J     >  " 


WEiMHOLlZ -WORKS  by  HERMANN  L.  F.  HELMHOLTZ, 

M.U.,  Professor  of  Physics  in  the  University  of  Berlin. 

ON  THE  SENSATIONS  OF  TONE  AS  A  PHYSIOLOGICAI 
BASIS  FOR  THE  THEORY  OF  MUSIC.  Second  Ength 
Edition  ;  with  numerous  additional  Notes,  and  a  new  Additional  Appendix, 
bringing  down  information  to  1885,  and  specially  adapted  to  the  use  of 
Musical  Students.  By  ALEXANDER  J.  ELLLS,  B.A..  F.R.S.,  F  S  A 
&c.,  formerly  Scholar  of  Trinity  College,  Cambridge.  With  68  Figures 
engraved  on  Wood,  and  42  Passages  in  Musical  Notes.    Royal  Svo,  price  28... 

POPULAR  LECTURES  ON  SCIENTIFIC  SUBJECTS  With 
68  Woodcuts.    2  Vols,  crown  8vo,  15..,  or  separately,  7..  6d.  each. 

HERSCHEL.    OUTLINES  OF  ASTRONOMY.    By  sir  JOHN  F 

Twelfth  Edition,  with  9  Plates,  and  numerous  Diagrams.  Square  crown  8vo, 
price  12^.  ' 
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HUDSON  AND   GOSSE.    THE  ROTIFERA  OR  'WHEEL 

ANIMALCULES.'  By  C.  T.  HUDSON,  LL.D.,  and  P.  H.  GOSSE, 
F.R.S.  With  30  Coloured  and  4  Uncoloured  Plates.  In  6  Parts.  4to,  price 
\os.  6d.  each ;  Supplement,  12s.  6d.  Complete  in  Two  Volumes,  with 
Supplement,  4to,  ;^4  4^. 

The  Plates  in  the  Supplement  contain  figures  of  almost  all  the  Foreign 
Species,  as  well  as  of  the  British  Species,  that  have  been  discovered  since  the 
original  publication  of  Vols.  I.  and  II. 


IRVING.    PHYSICAL  AND  CHEMICAL  STUDIES  IN  ROCK- 

METAMORPHISM,  based  on  the  Thesis  written  for  the  D.Sc.  Degree  in 
the  University  of  London,  18S8.  By  the  Rev.  A.  IRVING,  D.Sc.  Lond. 
Senior  Science  Master  at  Wellington  College.    8vo,  5^. 


d  O R  D AN .—  WORKS  by  WILLIAM  LEIGHTON  JORDAN,  F.R. GS. 

THE    OCEAN  :    A  Treatise  on   Ocean  Currents  and  Tides  and  their 
Causes.    8vo,  2.1s. 

THE  NEW  PRINCIPLES    OF   NATUIL^L  PHILOSOPHY. 
With  13  Plates.    8vo,  21s. 

THE     WINDS:     An   Essay  in   Illustration   of  the  New  Principles  of 
Natural  Philosophy.    Crown  8vo,  2s. 

THE   STANDARD   OF  VALUE.     8vo,  6.. 


KOLBE.  A  SHORT  TEXT-BOOK  OF  INORGANIC  CHE- 
MISTRY. By  Dr.  HERMANN  KOLBE,  Professor  of  Chemistrj'  in  the 
University  of  Leipzig.  Translated  and  Edited  by  T.  S.  HUMPIDGE, 
Ph.D.,  B.Sc.  (Lond.),  Professor  of  Chemistry  and  Physics  in  the  University 
College  of  Wales,  Aberystwyth.  With  a  Coloured  Table  of  Spectra  and 
66  Woodcuts.    Second  Edition.    Crown  8vo,  price  Ts.  6d. 


LARDEN.     ELECTRICITY  FOR   PUBLIC    SCHOOLS  AND 

COLLEGES.  With  numerous  Questions  and  Examples  with  Answers, 
and  214  Illustrations  and  Diagrams.  By  W.  LARDEN,  M.  A.  Crown  Svo,  (>s. 


LINDLEY  AND  MOORE.  THE  TREASURY  OF  BOTANY, 
OR  POPULAR  DICTIONARY  OF  THE  VEGETABLE 
KINGDOM  :  with  which  is  incorporated  a  Glossary  of  Botanical  Terms. 
Edited  by  J.  LINDLEY,  M.D.,  F.R.S.,  and  T.  MOORE,  F.L.S.  With 
20  Steel  Plates,  and  numerous  Woodcuts.    2  Parts,  fcp.  Svo,  price  12s. 
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/    TREATISE    ON    MAGNETISM,    General  and  Ten 
trial.    By  H.  LLOYD,  D.D.,  D.C.L.    8vo,  lo..  6d. 


LOUDON.     AN  ENCYCLOPEDIA    OF  PLANTS.     By  j.  c. 

LOUDON.  Comprising  the  Specific  Character,  Description,  Culture,  His- 
tory Application  in  the  Arts,  and  every  other  desirable  particular  respecting 
all  the  plants  indigenous  to,  cultivated  in,  or  introduced  into,  Britain.  Cor- 
rected by  Mrs.  LOUDON.    8vo,  with  above  12,000  Woodcuts,  price  42s. 


MARTIN.     NAVIGATION  AND    NAUTICAL  ASTRONOMY 

Compiled  by  Stafif-Commander  W.  R.  MARTIN.  R.N.,  Instructor  in 
burveying,  Navigation,  and  Compass  Adjustment;  Lecturer  on  Meteorology 
at  the  Royal  Naval  College,  Greenwich.  Sanctioned  for  use  in  the  Royal 
iNavy  by  the  Lords  Commissioners  of  the  Admiralty.    Royal  8vo  18s 


MEYER.  MODERN  THEORIES  OF  CHEMISTRY.  By  Pro- 
fessor LOTHAR  MEYER.  Translated,  from  the  Fifth  Edition  of  the 
German,  by  P  PHILLIPS  BEDSON,  D.Sc.  (Lond.),  B.Sc.  (Vict.),  F.C.S., 
Professor  of  Chemistry,  Durham  College  of  Science,  Newcastle-on-Tyne ;  and 

\     v  rr""^  WILLIAMS,  B.Sc.  (Vict.),  F.C.S.,  Professor' of  Che- 
mistry.  Firth  College,  Sheffield.    8vo,  i8s. 


MILLER.-  WORKS  by  WILLIAM  ALLEN  MILLER,  M.D.  DCL 

LL.D.,  laic  Professor  0/  Chemistry  in  Kiugs  College,  London  ' 

THE    ELEMENTS    OF    CHEMISTRY,   Theoretical  and  Practical. 

±iJiKT  McLEOD,  F.C.S.    With  274  Woodcuts.    Svo,  price  i6^. 

PAKT   IL   INORGANIC     CHEMISTRY.      Sixth   Edition,  revised 
throughout,  with  Additions  by  C.  E.  GROVES,  Fellow  of  the  Che- 

8vo,  prfcc'24r  °'  ™'  Woodcuts. 

PART  III.   ORGANIC    CHEMISTRY,  or  the  Chemistry  of  Carbon 

K^i^^^T^Ll'  T-^'J^"'^^'^         ^"  P^^'  rewritten,  by  H.  E 

ARMSTRONG,  F.R.S.,  and  C.E.-GROVES,  F.C.S.    Svo,  price  3i..6^ 


■^'"^^n^^M  ^;...^.^?y^J'„  OF    PRACTICAL  ASSAYING 

Si.\th  Edition.  : 
Svo,  price  3U.  (id. 


r.R.S.    With  201  Woodcuts.    Svo.  nricP        fi,/  ^     •  ^KUUlvLb, 
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MORGAN.  ANIMAL  BIOLOGY.  An  Elementary  Text  Book.  By 
C.  LLOYD  MORGAN,  Professor  of  Animal  Biology  and  Geology  in 
University  College,  Bristol.   With  numerous  Illustrations.    Crown  8vo,  8^.  6d. 


NOBLE.     HOURS    WITH    A    THREE-INCH  TELESCOPE. 

By  CAPTAIN  W.  NOBLE,  F.R.A.S..  &c.  With  a  Map  of  the  Moon. 
Crown  Svo,  4^.  6d, 


ODLING.    A  COURSE  OF  PRACTICAL  CHEMISTRY,  Arranged 

for  the  use  of  Medical  Students,  with  express  reference  to  the  Three  Months' 
Summer  Practice.  By  WILLIAM  ODLING,  M.A.,  F.R.S.  Fifth  Edition, 
with  71  Woodcuts.    Crown  Svo,  price  (>s. 


OLIVER.  ASTRONOMY  FOR  AMATEURS:  A  PRACTICAL 
MANUAL  OF  TELESCOPIC  RESEARCH  IN  ALL  LATI- 
TUDES ADAPTED  TO  THE  POWERS  OF  MODERATE 
INSTRUMENTS.  Edited  by  JOHN  A.  WESTWOOD  OLIVER,  with 
the  assistance  of  T.  W.  BACKHOUSE,  F.R.A.S.  ;  S.  W.  BURNHAM, 
M.A.,  F.R.A.S.  ;  J.  RAND  CAPRON,  F.R.A.S.;  W.  F.  DENNING, 
F.R.A.S.  ;  T.  GWYN  ELGER,  F.R.A.S.  ;  W.  S.  FRANKS, 
F.R.A.S.  ;  J-  E.  GORE,  M.R.I.A.,  F.R.A.S.  ;  SIR  HOWARD 
GRUBB,  F.R.S.,  F.R.A.S.  ;  E.  W.  MAUNDER,  F.R.A.S.  ;  and 
others.    Illustrated.    Crown  Svo,  7j.  6d. 


PAYEN.  INDUSTRIAL  CHEMISTRY;  A  Manual  for  use  in  Tech- 
nical Colleges  or  Schools,  also  for  Manufacturers  and  others,  based  on  a 
Translation  of  Stohmann  and  Engler's  German  Edition  of  Payen's  Pn'cis  dc 
Chimie  Inditsti-ielle.  Edited  and  supplemented  with  Chapters  on  the  Chemistry 
of  the  Metals,  &c.,  by  B.  H.  PAUL,  Ph.D.  With  698  Woodcuts.  Medium 
Svo,  price  42^. 


REYNOLDS.  EXPERIMENTAL  CHEMISTRY  for  Junior  Students. 
By  J.  EMERSON  REYNOLDS,  M.D.,  F.R.S.,  Professor  of  Chemistry,  Univ. 
of  Dublin.    Fcp.  Svo,  with  numerous  Woodcuts. 

Part  I. — Introdudo'y,  price  is.  6 J. 

Part  II. — Non-Meiah,  with  an  Appendix  on  Systematic  Testing  for 
Acids,  price  zs.  ()d. 

Part  III. — Mdah  and  Allied  Bodies,  price  3^.  6d. 
Part  IV.  —  Chemistry  of  Carbon  Compounds,  price  4^. 
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PROOJOR.— WORKS  by  RICHARD  A.  PROCTOR. 


LIGHT  SCIENCE  FOR 
LEISURE  HOURS;  Familiar 
Essays  on  Scientific  Subjects, 
Natural  Phenomena,  &c.  3  Vols, 
crown  8vo,  5^.  each. 

THE  ORBS  AROUND  US  ;  a 
Series  of  Essays  on  the  Moon  and 
Planets,  Meteors,  and  Comets. 
With  Chart  and  Diagrams,  crown 
8vo,  ^s. 

OTHER  WORLDS  THAN 
OURS  ;  The  Plurality  of  Worlds 
Studied  under  the  Light  of  Recent 
Scientific  Researches.  With  14 
Illustrations,  crown  8vo,  5^-. 

THE  MOON';  her  Motions,  As- 
pects, Scenery,  and  Physical 
Condition.  With  Plates,  Charts, 
WoodciUs,  and  Lunar  Photo- 
graphs, crown  Svo,  5^. 

UNIVERSE  OF  STARS;  Pre- 
senting Researches  into  and  New 
Views  respecting  the  Constitution 
of  the  Heavens.  With  22  Charts 
and  22  Diagrams,  Svo.    loj.  dd. 

LARGER  STAR  ATLAS  for 
the  Library,  in  12  Circular  Maps, 
with  Introduction  and  2  Index 
Pages.  Folio,  15J.,  or  Maps 
only,  I2J-.  6d. 

NEW  STAR  ATLAS  for  the 
Library,  the  School,  and  the  Ob- 
servatory, in  12  Circular  Maps 
(with  2  Index  Plates).  Crown 
Svo,  5^. 

THE  STUDENT'S  ATLAS. 
In  12  Circular  Maps  on  a  Uni- 
form Projection  and  i  Scale, 
with  2  Index  Maps.  Intended  as 
a  vade-mecum  for  the  Student 
of  History,  Travel,  Geography, 
Geology,  and  Political  Economy. 
With  a  letter-press  Introduction 
illustrated  by  several  cuts.  5^. 

OLD  AND  NEW  ASTRO- 
NOMY. In  12  Parts.  Price  2s.  6d. 
each  ;  supplementary  section,  is. 
(in  course  of  publication)  ;  com- 
plete, 36^.  cloth.     [JVear/y  ready. 


STUDIES  OF  VENUS-TRAN- 
SITS ;  an  Investigation  of  the 
Circumstances  of  the  Transits  of 
Venus  in  1S74  and  1882.  With  7 
Diagrams  and  10  Plates.   Svo,  5^. 

ELEMENTARY  PHYSICAL 
GEOGRAPHY.  With  33  Maps 
and  Woodcuts.    Fop.  Svo,  is.  6d. 

LESSONS  IN  ELEMENTARY 
ASTRONOMY ;  with  Hints  for 
\oung  Telescopists.  With  47 
Woodcuts.    Fcp.  Svo,  is.  6d. 

FIRST^  STEPS  IN  GEOME- 
TRY :  a  Series  of  Hints  for  the 
Solution  of  Geometrical  Pro- 
blems; with  Notes  on  Euclid, 
useful  Working  Propositions,  and 
many  Examples.  Fcp.  Svo,  y.  6d. 

EASY  LESSONS  IN  THE 
DIFFERENTIAL  CALCU- 
LUS :  indicating  from  the  Outset 
the  Utility  of  the  Processes  called 
Differentiation  and  Integration 
Fcp.  Svo,  2s.  6d. 

THE  STARS  IN  THEIR  SEA- 
SONS. An  Easy  Guide  to  a 
Knowledge  of  the  Star  Groups,  in 
12  Large  Maps.    Imperial  Svo,  <,s. 

STAR  PRIMER.  Showing  the 
Starry  Sky  Week  by  Week,  in  24 
Hourly  Maps.    Crown  4to,  2s.  6d. 

THE  SEASONS  PICTURED 
IN  48  SUN  VIEWS  OF  THE 
EARTH,  and  24  Zodiacal  Maps, 
&c.    Demy  4to,  5^. 

ROUGH  WAYS  MADE 
SMOOTH.  Familiar  Essays  on 
Scientific  Subjects.  Crown  Svo,  5.?. 

HOW  TO  PLAY  WHLST: 
WITH  THE  LAWS  AND  ETI- 
QUETTE OF  WHISr.  Crown 
Svo,  3 J.  6d. 

HOME  WHIST  :  an  E*asy  Guide 
to  Correct  Play.    i6mo,  is. 

[Coniinued. 
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WiOQT^O^.— WORKS  by  RICHARD  A.  PROCTOR— coniinued. 


OUR  PLACE  AMONG  INFI- 
NITIES. A  Series  of  Essays 
contrasting  our  Little  Abode  in 
Space  and  Time  with  the  Infini- 
ties around  us.    Crown  8vo,  5^. 

STRENGTH  AND  HAPPI- 
NESS.   Crown  8vo,  5^. 

STRENGTH:  How  to  get  Strong 
and  Iceep  Strong,  with  Chapters 
on  Rowing  and  Swimming,  Fat, 
Age,  and  the  Waist.  With  9  Il- 
lustrations.   Crown  8vo,  2s. 

THE  EXPANSE  OF  HEAVEN, 
Essays  on  the  Wonders  of  the 
Firmament.    Crown  Svo,  5j. 

THE  GREAT  PYRAMID,  OB- 
SERVATORY, TOMB,  AND 
TEMPLE.  With  Illustrations. 
Crown  Svo,  S^. 


PLEASANT  WAYS  IN 
SCIENCE.    Crown  Svo,  5^. 

MYTHS  AND  MARVELS  OF 
ASTRONOMY.    Crown  Svo,  ^s. 

CHANCE  AND  LUCK  ;  a  Dis- 
cussion of  the  Laws  of  Luck, 
Coincidences,  Wagers,  Lotteries, 
and  the  Fallacies  of  Gambling, 
&.C.  Crown  Svo,  25.  boards, 
IS.  6d.  cloth. 

NATURE  STUDIES.  By 
Grant  Allen,  A.  Wilson, 
T.  Foster,  E.  Clodd,  and 
R.  A.  Proctor.    Crown  Svo,  5^. 

LEISURE  READINGS.  ByE. 
Clodd,  A.  Wilson,  T.  Foster, 
A.  C.  RuNYARD,  and  R.  A. 
Proctor.    Crown  Svo,  $s. 


SCH ELLEN.    SPECTRUM  ANALYSIS  IN  ITS  APPLICATION 

TO  TERRESTRIAL  SUBSTANCES,  and  the  Physical  Constitution 
of  the  Heavenly  Bodies.  Familiarly  explained  by  the  late  Dr.  H.  SCHELLEN. 
Translated  from  the  Third  Enlarged  and  Revised  German  Edition  by  JANE 
and  CAROLINE  LASSELL.  Edited,  with  Notes,  by  Capt.  W.  DE  W. 
ABNEY,  R.E.  Second  Edition.  With  14  Plates  (including  Angstrom's  and 
Cornu's  Maps)  and  291  Woodcuts.    Svo.    Price  3U.  6d. 

SCOTT.     WEATHER  CHARTS  AND  STORM  WARNINGS. 

By  ROBERT  H.  SCOTT,  M.A.,  F.R.S..  With  numerous  Illustrations, 
Crown  Svo,  6r.   

SLINGO  AND  BROOKER.  ELECTRICAL  ENGINEERING 
FOR  ELECTRIC  LIGHT  ARTISANS  AND  STUDENTS. 
(Embracing  those  branches  prescribed  in  the  Syllabus  issued  by  the  City  and 
Guilds  Technical  Institute.)  By  W.  Slingo,  Principal  of  the  Telegraphists' 
School  of  Science,  &c.,  &c.,  and  A.  Brooker,  Instructor  on  Electrical 
Engineering  at  the  Telegraphists'  School  of  Science.  With  307  Illustrations. 
Crown  Svo,  price  los.  6d. 

SMITH.     GRAPI-IICS;  OR,  THE   ART   OF  CALCULATION 

BY  DRAWING  LINES,  applied  to  Mathematics,  Theoretical  Me- 
chanics and  Engineering,  including  the  Kinetics  and  Dynamics  of  Machinery, 
and  the  Statics  of  Machines,  Bridges,  Roofs,  and  other  Engineering  Structures. 
By  ROBERT  H.  SMITH,  Professor  of  Civil  and  Mechanical  Engineering, 
Mason  Science  College,  Birmingham. 

Part  I.  Text,  with  separate  Atlas  of  Plates— Arithmetic,  Algebra, 
Trigonometry,  Vector,  and  Locor  Addition,  Machine  Kinematics,  and  Statics 
of  Flat  and  Solid  Structures.    Svo,  15J. 
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THORPE,     A   DICTIONARY   OF   APPLIED  CHEMISTRY 

By  T.  E.  Thorpe,  B.Sc.  (Vict.),  Ph.D.,  F.R.S.,  Treas.  C.S.,  Professor  of 
Chemistry  in  the  Normal  School  of  Science  and  Royal  School  of  Mines,  South 
Kensington.     Assisted  by  Eminent  Contributors.     3  vols.,  £z  2.r.  each. 

.   [  Vol.  I.  noiv  ready. 

TYNDALL.— ^<97?A-6-  by  JOHN  TYNDALL,  F.R.S.,  &^c. 
FRAGMENTS    OF    SCIENCE.    2  Vols.    Crown  8vo,  16.. 

HEAT  A  MODE  OF  MOTION.    Crown  Svo,  12s. 

SOUND.    With  204  Woodcuts.    Crown  Svo,  los.  6d. 

RESEARCHES  ON  DI^MAGNETISM  AND  MAGNE-CRYS- 

TALLIC     ACTION,    including  the  question  of  Diamagnetic  Polarity. 
Crown  Svo,  12s. 

ESSAYS  ON  THE    FLOATING-MATTER    OF    THE  AIR 

m  relation  to  Putrefaction  and  Infection.  With  24  Woodcuts.  Crown  Svo- 
7 J.  od.  ' 

LECTURES    ON    LIGHT,    delivered  in  America  in  1872  and  1873. 
With  57  Diagrams.    Crown  Svo,  5j-. 
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